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LETTER OF TRJ\NSl\1ITTAL. 

DEP .ARTMENT OF THE INTERIOR, 

UNITED ST.A1.'ES GEOLOGICAL SURVEY, 

DIVISION OF HYDROGRAPHY, 

Washington, J~tne 1, 1898. 
SIR: I have the honor to transmit herewith the manuscript for a 

volume Oh hydrography, prepared for publication as one of the parts 
of the Nineteenth Annual Report of the Survey. The greater portion 
of this material consists of the results of investigations_ carried on 
during the calendar year 1897. The first paper, composite in character, 
discusses the results of measurements of the flow of various streams 
in different parts of the United States, the data being presented in 
diagrammatic form as well as by statistical tables. The arrangement 
adopted for this progress report is a geographic one, beginning in the 
extreme northeastern part of the United States and ending in the 

- extreme southwestern. A number of papers independently prepared 
have been incorporated in this progress report, after such modification 

-as was necessary to bring them into accord with the scheme. For 
example, a paper prepared by Prof. Dwight Porter, and intended orig
inally for publication in the Water-Supply and Irrigation series, sup
plies data concerning the fl.ow of the rivers of Maine, giving also the 
industrial application of these natural resourcet::l. Another paper, by 
Mr. J. B. Lippincott, upon the development of irrigation in the vicinity 
of San Bernardino, also prepared originally for inclependent publica
tion, ~mppli_es other needed data concerning the behavior of streams in 
that r~gion and at the same time brings out the methods of utilization 
of the water resources of that country. This also bas been inserted in 
its proper geographic order. A considerable amount of data concern
ing stream flow has also been obtained from various sources, particu
larly from the engineer offic~rs of the Army and from individuals or 
corporations. All of these facts have been included and reference 
made to the sources of information. The great body of facts, however, 
are those resulting from the field work of the hydrographers of the 
Geological Survey or of engineers cooperating with them. 

Following the report of results of stream measurements are two 
·papers treating of the occurrence and utilization of water~ obtained 
from beneath the surface of the earth. This general subject of under
ground waters is not as yet susceptible of a systematic geographic 
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VIII LETTER OF TRANSMITTAL. 

treatment, but 'particular problems haye been taken up, resulting in 
wholly independent reports. 

The first of these is that by Prof. Ed ward Orton on the deep wells 
of Ohio. This was prepared originally with the intention of printing it 
in the Eighteenth Annual Report, Part IV, with Mr. Frank Leverett's 
general discussion of the underground waters of Ohio and Indiana, but 
the ill health of Professor Orton and the pressure of other matters pre
vented the accomplishment of this project, and the paper, delayed by 
unaYoidable circumstances, is now presented. The other paper is that 
by Mr. N.H. Darton, geologist, giving the results of his general studies 
in Nebraska, carried on through two field seasons, and particularly the 
data acquired during 1897 in the western end of the State, in the 
portion north of Colorado, adjacent to Wyoming and to the Black Hills 
region of South Dakota. 

In these papers the attempt has been made to present not only the 
facts disclosed by examination and survey, but to discuss these facts 
and to give in connection with them examples of what has already been 
accomplished in the employment of the water resources for power, 
irrigation, and municipal supply, the aim being not only to give 
scientific information, but to keep always in touch with the industrial 
application of the facts presented. 

Very respectfully, F. H. NEWELL, 
Hydrographer in Charge. 

Hon. CHARLES D. WALCOTT, 
Director, United States Geological S'urvey. 
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REPORT OF PROGRESS OF STREAM MEASUREMENTS 
FOR THE CALENDAR YEAR 1897, ETC. 

By F. H. NEWELL. 

IN'rRODUCTION. 

A study of the water resources of the United States bas been carried 
on consecutively for ten years, bringing together data for scientific and 
industrial application concerning the distribution and the fluctuation or' 
waters, both surface and underground. Previous to 18~8 matters of 
this kind were frequently the subject of special inquiry in connection 
with topographic or geologic surveying, but it was not until the authority 
was specifically conferred by the acts of March 20 and October 2, 1888, 
that the subject became one of separate and continuous inquiry. 

Beginning with the organization of the work during the winter of 
1888-89, and the operations of the succeeding field season, the work 
has been continued under the same general plan and under direction 
of a single individual until the methods, tentative at first, have attained 
to something of the established routine essential to rapidity and economy 
of execution. The continuity of purpose through a decade has enabled 

· the accomplishment of results through moderate expenditures which 
would have been impossible of attainment by larger sums administered 
with less consistent purpose. 

The attempt is made to obtain data concerning the flow of streams in 
all parts of the Unite~ States. It is, of course, impossible with moderate 
means to measure all the rivers, and therefore choice must be made of 
those where the best results can be bad with the least outlay of time 
and money. The measurement of the surface flow is, however, only 
one part of the problem, for the questions pertaining to the underground 
supplies are often as important as those concerning the visible waters. 
A survey of tbe waters beneath the surface offers even more obstacles, 
and while it is possible to adopt a general geographic arrangement for 
the discussion of data concerning surface flows, it is not so easy to do 
so with the underground waters, as the distribution of these is modified 
by many geologic conditions. Thus it bas been found desirable to treat 
the discussion of the surface supply by itself, incorporating in a somewhat 
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18 PROGRESS OF STREAM MEASUREMENTS FOR 1.897. 

arbitrary geographic arrangement all of the data available, and to 
supplement this by the individual and somewhat disconneeted papers 
regarding the waters reached by wells in various areas or States. 

In the operations of obtaining the figures relating to the discharge 
of a stream there are two classes of facts required. The :first is the 
statement of what has been done at each locality and the measurements 
made. Prom these original observations there is then obtained by office 
work a second set of data, based on the first, but .giving in more or 
less concise form the probable flow day by day. The facts first men
tioned-those resulting from field work-can, of course, be stated imme
diately after the operations are performed. The resulting computations, 
however, usually require for accuracy the digestion of the :field notes 
obtained through one or more seasons, and, to b~ clearly shown, necessi
tate the preparation of diagrams. From this condition it has been 
fouud desirable in the statement of results to make what might be con
sidered double publication. In the first is given briefly and as soon 
as possible after the close of the calendar year a statement of the field 
operations and the immediate results of measurements. In the case of 
the year 1897 these data have been printed as Water-Supply and Irri
gation Papers, Nos. 15 and 16. These give a description of each local
ity at which stream measurements were made, together with the details 
of bench marks~ initial points, character of channel, current-meter 
measurements, and the record of average height of water da.y by day. 
These facts are thus made at once available for the use of hydrographers 
and other persons concerned with the minor points of method and of 
the character of the work. 

While the data above described are being printed the computations 
of final results are carried on and diagrams prepared. These form the 
substance of the present paper. The estimate!S of daily discharge are 
not given, being too bulky even fOl' a volume of this description. They 
may easily be recomputed, however, from the figures given in Water
Supply and Irrigation Papers, Nos. 15 and 16, or may be ltad from the 
permanent records of the division of hydrography. The results are 
given numerically by months, the daily changes being graphically 
expressed in the accompanying diagrams. With these facts is given a 
brief description of the river or drainage basin, and there is also inserted, 
wherever obtainable, additional information bearing upon the utiliza
tion of the water or the prospect of its future employment for industrial 
purposes. 

METHODS. 

The methods in use have been previously described in the Fourteenth 
Annual Report, Part II, on pages 96 to 100, and in the Eleventh Annual 
Report, Part II, on pages 6 to 10. The computations are based almost 
wholly on measurements of area of eros~ section and on figures of 
velocity obtained by use of some one of the many forms of current 
meter. In all of these forms of meter the water, striking aga.inst the 
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cups or va~es of a wheel, causes it to revolve with a speed which has 
been found to bear a definite relation to the rate of movement of the 
particular part ·of the stream in which it is immersed. This relation is 
ascertained previously for each instrument by causing it to ad vance at 
various speeds through still. water. It is assumed that the pushing of 
the meter through a body of water not in motion gives a rating which 
can be applied when the 
meter is held firmly again~t 
an advancing current. 

The various forms of me
ter are shown by the accom
panying plates and figures, 
several of these being repro
duced from earlier reports. 
As most of these meters are 
on the market as commer
cial articles, it is hardly pro
per to discuss their rela
tive merits; but it is ~uffi

cie!_lt to say that most of the 
hydrographers employed 
by the Survey or acting in· 
cooperation with it prefer 
the form shown in Pl. IV. 

This preference is not 
necessarily a guaranty of 
special merit, but may be 
dependent largely upon ease 
of handling and of securing 
prompt repairs or altera
tions by . the· maker w ben 
needed for particular pur
poses. 

The purr,oses of the in- , 
vestigation have to a large 
extent confined the measure
ments to the use of instru
ments of this description. 

FIG. I.-Tho Bailey meter, one of the earlier forms of 
direct-reading meters. 

It is not necessary to limit the operations to a designated point, for, 
there being many times as many streams and localities where results 
are desired as there are funds to carry on the work, it is possible to 
choose the places where the conditions are most favorable; on the 
othe~ hand, it is not practicable to incur considerable expense to. 
secure artificially good conditions, and therefore search must be made 
for a spot naturally favorable. The attempt is made, therefore, to find 
a place on the stream to be measured where the bed and banks are 
comparatively stable and where the current is neither sluggish nor 
extremely swift. 
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If the streams were mainly small-such, for example, as would be 
sufficient for the water supply of a large city-it might be practicable 
and desirable to erect a weir or short rating flume, but with the great 
variation in height of water and velocity on most of the important 
streams of the country this is out of the question. On the other hand, 
the various empirical formuhe based upon experimental data have not 
been considered practicable, as the streams vary so greatly, and the 
element of personal opinion or judgment as to the choice of some one 
or more constants affects the results widely. An illustration of a 
locality where a weir has been effectively used is that noted on Pl. I, A., 
erected in the Portage gorge of Genesee River and described in the 
report of the State engineer and surveyor of New York. 

The nse of floats is often resorted to in the miscellaneous measure
ments made during a general recon11aissance along a streari1. In cases 
of this kind, where uo permanent bench marks have been established, 
and therefore there is no means of determining the exact height of 
water, the comparatively rough approximation by means of floats is 
amply sufficient for all practical purposes. A rise or fall in the surface 
of an inch or two causes a change of discharge well within the accu
racy of float measurements. For this purpose a course is chosen where 
the stream is nearly straight and is flowing with a comparatively uni
form velocity, without sudden rapids and stretches of still water. Here 
a space of 100 to 300 feet is laid off as near as possible to the edge of 
the water, and range poles are stuck into the ground, two at each end 
of the measured distance. They may be both on one bank, or in the 
case of narrow streams on opposite sides, and are so arranged that 
in looking across each of the pair tlte line of :-;ight passes as nearly as 
possible at right angles to the general current of flow. The width of 
the stream must be ascertained by direct measurement or by simple 
triangulation, and the depth by sounding. This is usually done at the 
upper end, middle, and lower end of the course, and tlJe average taken 
to obtain the area of cross section. Floats are then placed in the 
'Yater and the number of seconds they require to pass from the upper 
to the lower range poles is noted. For small streams these are usually 
sticks or chips which can be easily seen. It is possible for one man to 
perform the en tire operation. He goes above the upper range poles 
and tosses a chip into the middle or side of the stream; then going 
down to the first set of range poles he notes the time of passage of the 
liue of sight, and then going down to the lower end, obtains the num
ber of seconds required for the chip to reach the second line of sight. 
The average velocity of the stream is usually assumed to be about 
eight-tenths of the average surface velocity. This operation is sus
ceptible of great refinement; for example, by employing a number of 
men and by making submerged floats or loading short sticks so that 
they will stand nearly upright, the lower end just clP.aring the bed of 
the river and the upper end appearing above the surface. This 



U. S. GEOLOGICAL SURVEY 

,. 
1\ .. 

A. 

B. 

NINETEENTH ANNUAL REPORT PART IV PL. II 

CAR S USED IN MEASURING VELOCITY OF RIVER WATER. 

A, Shenandoah River near Millvdle, West Virginia; B, Arkansas River at Canyon, Colorado. 



NEWELL.) ME'l'HODS OF MEA&UREMENT. 21 

involves, however, an equipment and expenditure of time which is. not 
usually possible on recqnnaissance measurements, and for great accu~ 
racy necessitates conditions which are seldom found to exist. 

In using current meters, the first consideration is that of getting 
to the water. In the case of a shallow stream, it is practicable to 
wade out in to it and hold the meter in position. In cold weather this 
is made possible by wearing various forms of rubber boots or fisher
man's waders. It is, however, a clumsy operation at best, and can not 
be resorted to in time of flood. For larger ·streams the first thought is 
a boat. This must be held in position by anchoring successively at 
points across the stream, or, better, by attachment by sliding pulley to 
a cable suspended above the water, as shown in Pl. III, B. In the 
case of measurements made at intervals of weeks or months, it is 
usua1ly impossible to maintain a boat in good condition, and in high 
floods a boat held in position is dangerous. For these reasons recourse 
is had as often as possible to some device suspended above and clear of 
the water, leading to the development of the suspended box or car, 
which, running back ward and forward across the river upon a cable, can 
be placed in any desired position and raised or lowered. 

At the selected point on. the. river supports and anchorage for a 
cable are prepared on each bank. The anchorage usually consists of 
logs or timbers buried deeply in the soil, the ends of the cable being 
securely wrapped around these and being held from slipping by suitable 
clamps. Between the anchorage and the river a stout piece of timber 
or shears is erected to a height sufficient to bold the cable above the 
surface of high water after allowing for a moderate amount of drop at 
the center. vVherever possibl~ a stout tree is used for supporting one 
or both ends of the cable, or solid stumps are utilized for anchorage. 
At one end the cable is held by means of a strong turn-buckle, allow~ 
ing any stretch to be taken up. The cables employed are usually from 
five-eighths to three-fourt~s of an inch in diameter, and ~re of the kind 
known as "staQ.ding," as distinguished from the more flexiole wire 
ropes used in hoisting. This cable is used in spans up to 500 feet or 
more in length. On the cable are fastened two ordinary pul1ey blocks, 
from which is suspended a stout box about 3 feet square or of l~rger 
dimensions, according to the individual wishes of' the hydrographer 
(see Pl. II, A). A stout half barrel is sometimes used, or in some cases 
a long box, in which two men m~y be seated comfortably, as shown in 
Pl. II, B. This can be pulled from one side of t.he river to the other 
by reaching up and grasping the cable overhead or by a line running 
from the pulleys to each shore and passing over other pulleys, the ends 
being brought back to the car. In some cases, where there is consider~ 
able drop in the center of the cable, the cars are raised and lowered by 
means of tackle on each side (see Pl. V). Sitting in the car, the hydrog~ 
rapher moves from point to -point, sounds the depth of the water, and 
obtains the velocity by means of the current meter. 
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Wherever it happens that bridges are available these are employed, 
but it is often the case that the piers of the bridge obstruct the flow 
or the foundations catch driftwood, resulting in complications which 
render it impossible to make accurate measurements either of depth or 
velocity. Wherever a good, clear span can be had it is usually possi
ble to make measurements with considerable accuracy and with rapidity 
and comfort (see Pl. III, A). Sometimes it is possible to erect on small, 
shallow streams a temporary bridge like that shown in Pl. I, B. 

The method of holding the meter or supporting it at a given point in 
the stream is dependent largely on the facility for getting near the 
surface of the water. In the case of wading or of using the meter 

FIG. 2. -The Lallie meter, an improved f01m of direct-reading meters. One-half natural size. 

from a low bridge, the meter is usually fastened on the end of a pole or 
metal rod, as shown in Pls. II and V. When the hydrographer works 
from a high bridge or from a car bung at some distance above the water, 
it is usually necessary to suspend the meter from a cord or rope of some 
kind. When the water is not too swift, the suspending material con
sists merely of the double-conducting insulated wire, which serves at 
the same time to make electric connection between the meter and the 
recording or sounding devices in the bands of the hydrographer. The 
ordinary cotton-covered incandescent-light cord is used for this purpose, 
it being found that the cotton covering does not wear so rapidly as 
silk covering. 
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A From bridge at Anoka, Minnesota, 1n August, 1897 (Elhs meter); R, Above mouth of Crow Wmg River, Mmnesota, 
1n September, 1896. 
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For convenience of computation of the results the space across the 
channel of the stream is divided into short distances of known length, 
usually 10 or 20 feet. In case of a bridge these are indicated by mak· 
ing suitable permanent marks, inconspicuous if necessary, on· the rail· 
ing or floor beams. Where the work is done from a boat or suspended 
car, it is customary to place a tagged wire a short distance above the 
cable and parallel with it. For this purpose the ordinary twisted 
barbed-fence wire has been found most desirable, as the tags can be 
fastened firmly so that they can not slip from side to side, and barbed 
wire is less likely to be stolen than the ordinary smooth form. The 
difficulty in putting this up is usually more than compensated by 
its permanence. The tags used consist of small pieces of metal, 3 to 4 
inches in width, usually deeply notched or cut in such conspicuous 
foqns as to give at a glance the distance from the initial point. This 
latter is usually some easily identified object on shore, such as a stone 
monument, a permanent stump, or a bridge pier. Soundings are made 
at each tag, and at intermediate intervals, if necessary, the depth being 
measured by a pulley or by a small stout line provided with a lead 
sinker. Velocities may be observed at each tag, or at every second or 
third in case of uniform cross section. 

When the velocity of .the water is considerable, as, for example, over 
5 or 6 feet per second, the sounding line and meter are apt to be swept 
backward down the stream. In such cases it is often necessary to pro
vide an additional stay line. This consists of a second cable or smooth 
wire stretched across the stream at a distance of from 50 to 100 feet 
above· the bridge or cable from which measurements are made. .A. small 
twisted wire clothesline or sash cord may be used for this purpose. 
It is anchored at both ends and supported in a manner similar to that 
of the main cable. On this smooth wire is a small pul1ey, which travels 
freely from side to side of the river, and from the pulley there is a small 
flexible co~:d leading diagonally downstream. This may be attached to 
the end of the sound.ing rod, holding it in position, or a fine wire may be 
similarly fastened near the head of the meter, so that when the instru· 
mentis lowered it is held from being carried backward or tilted by the 
force of the current. The stay line usually adjusts itself as the 
hydrographer moves from one side of the stream to the·other. 

Some of the meters in use have self-registering devices, the dials 
being read before and after the instrument is immersed. "'The kind, 
however, most generally used by this Survey is provided with a simple 
make-and-break circuit ~Avice, this being connected by suitable wires 
to a telegraphic sounder or some form of recording apparatus. Nearly 
all engineers taking up work of this kind at first prefer the somewhat 
elaborate and cumbersome instruments which record the readi~gs upon 
dials, some of these giving the time in seconds as well as the number 
of revolutions of the meter whP-el. The more experienced men, how. 
ever, prefer to. reduce their equipment to the simplest possible form, 
and, instead of reading dials, count the clicks or noise made by the 
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miniature sounder, keeping the time by watching the second band of an 
ordinary watch while it marks off fifty seconds. Many forms of stop 
watch have been tried, but these are so liable to injury or to get out of 
order and repairs are so costly, that, as a rule, their use is soon aban. 
doned in favor of the watch ordiuarily carried. The form of sounder 
usually preferred is made up of a small hard-rubber battery cell with 
zinc pol.e passiug through the rubber stopper. This cell is about 1-f 
inches wide, .li inches thick, and 2 inches high. It is charged each 
time by inserting from 2~ to 3 grams (or 38 to 46 grains) of mercuric 
bisulphate, the cell then being filled with water. After using it may 
be washed out. This cell is placed in a small sole-leather case, haviug 
on the outside a very small electro-magnet with· armature set upon a 
spring, this device being protected by a metal cover .about 1-2- inches 
in diameter. The whole instrument weighs only a few ounces, and wben 
attached to the end of the double-conducting eledtric cord does not 
add appreciably to the weight. The instrument being so small and 
stout, it is possible for the hydrographer, when working from bridges,. 

Fiu. a.-Haskell electric current meter, large form. 

to toss the end of the wire around beams or braces, and thus to swing 
his meter along around piers and projections without the necessity of 
disconnecting the wires. 

On Pl. IV are shown two of the electric meters in common use by 
this Survey in its river measurements. The upper one is the ordiuary 
Price electric meter, made by W. & L. E. Gurley, Troy, New York, 
and the lower a smaller modification of the same instrument, made 
especially to fill the needs of this Survey. With each of these instru
ments is shown a coil of common cotton-covered double incandescent 
electric-light wire, which serves to support the instrument and to con
duct. the electric current. In each case the cord terminates at the 
battery and buzzer in the upper portion of the picture, this being 
shown complete and closed for use. On the lower half of the plate the 
leather battery box is shown open, with the cell removed, and slightly 
to the left and above this the zinc pole. 

On the lower left-hand side is shown a device for taking water sam
ples, consisting of a clutch holding a wide mouthed glass bottle. This 
is so arranged that the device can be screwed to the end of ordinary 
gas pipe and lowered into the stream to the desired depth. The stop-
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per of the bottle is then drawn by pulling a cord which runs through 
the pipe; the bottle being filled immediately, the stopper IS forced baGk 
into position by the spring shown above the stopper. On being with
drawn from the water the bottle, with the stopper in it, may be quickly 
remQved from the clutch by loosening 

0 

the set screws, and another 
empty bottle, sterilized if necessary, may be immediately inserted. 
Other meters in use are illustrated by figs. 3 and 4. 

The results of stream measurements are stated in cubic feet per sec
ond, or second-feet, as the term is abbreviated; therefore the linear 
measurements are made in feet, and the results of the use of the cur1:ent 
meter, primarily in revolutions per second, are converted by tlle rating 
table prepared for each instrument into velocity in feet per second. If 
the tags at the. river station are 10 feet apart, the average depth as 

FIG. 4.-Hask('lll electriC current meter, small form. One-fourth natural size. 

obtained by sounding is·multiplied by 10 feet, giving the area in square 
feet of t.his portion of the section, and this in turn is multiplied by the 
average velocity as ascertained by use of the current meter. The total 
of the fractional discharges thus obtained is taken as the total dis
charge, and this latter divided by the total of the fractional areas gives 
the mean velocity in feet per second. . In computing the discharge for 
the end or shore portions of the cross section of a stream, special 
attention must be paid to sluggish or back water and due allowance 
made for the shape of the banks. 

The result of any one discharge measurement gives simply the 
quantity of water passing at that time and place. In order to estimate 
the amount passing day by day it is necessary either to make daily 
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measurements or to compute what these should be by assumptions 
based on the height of the water. In the case of the ordinary unnavi
gable stream, where the banks and bed are not being rapidly eroded 
and sediment is not being deposited, it is safe to assume that for a 
given height of water the discharge is fairly constant, although, as 
a matter of fact, when the river is rising there may be more water 
passing downstream at a given arbitrary height than when falling. 
This difference, however, is usually negligible. If, therefore, the quan
tity of flowing water can be ascertained for each small interval of rise 
of the stream, it is practicable to construct a table showing for any 
given height the amount !lowing. This is what is actually done in the 
case of each regular station, and, in addition, the height of water day 
by day or morning· and evening is recorded, the estimated quantity 
in the river being taken from the table and s~t opposite the corre
spooding figures for height. 

At some favorable point near or a short distance above or below the 
place where the measurements are made, a gage is erected and readings 
are taken at regular intervals. Where an observer can be found whose 
occupation or duties are such that he can readily examine the gage, it 
is customary to have these readings made twice' a day; if there are no. 
houses in the vicinity and a trip of a mile or more must be made for 
each reading, this may be made once a day, or e·ven in some cases 
only every other day, except during times of tlood or rapid change. 
The readings on the gage are noted in a small book and are copied 
upon the postal cards sent to the field men or the local office at the 
end of each week. 

The gage may consist of a simple vertical scale divided conspicu
ously into feet and tenths and nailed to a pier or post in the. water; or 
it may be an inclined stick of timber following the general slope of the 
bank and marked by means of a level to equivalent vertical feet and 
tenths. This latter form, while more expensive and difficult to install 
firmly, bas the advantage that the readings are always at the edge of 
the water and are easily made. When measurements are made from a 
bridge, in place of the vertical scale, or in addition to it if it can not 
be easily seen, there is sometimes put in position a loug flexible wire 
with a weight at the lower end. For the wire, galvanized sash cord is 
employed. This passes over a pulley and is allowed to run out until 
the weight just touches the surface of the water. The cord above the 
pulley extends horizontally, and the handle at the end is so arranged 
that it can be placed against a horizontal scale located so as to give 
the same reading as the gage on the pier. As soon as the weight 
touches the water the reading is made. The wire is then pulled back 
horizontally, hoisting the weight up against the bottom of the bridge, 
the handle being usually locked to some brace so that the device can 
not be disturbed, the wire being usually out of sight or difficult of 
access. 



u. s. GEOLOGICAL SURVEY NINETEENTH ANNUAL REPORT PART IV PL. V 

MEASURING VELOCITY OF WATER FROM SUSPEN DED PLATFORM, ON RUM RIVER ABOVE MILL 
POND AT ANOKA, MINNESOTA, AUGUST, 1897. 



NEWELL.] RATING THE METERS. 27 

As all gages are liable to change, injury, or even destruction, during 
times of high flood, it it essential that some permanent mark or marks 
be placed on the ground and connected by careful lines of level, so 
that the gage may be tested or restored. In the case of inclined gages, 
frost is liable to alter the relation of the readings, and the wire gages 
may stretch. The bench marks used may be any solid objects easi1y 
found, as,.for example, a, mark on the stone foundation of a building or 
bridge pier, a spot smoothed off on a rock, or even a notch cut in a solid 
stump or log. From season to season it is desirable by means of a 
Wye level to verify the measurements previously made. 

The relation between the quantity of water flowing in a stream and 
its height from some arbitrary gage being once established, it has 
been found that this remains fairly constant through a number of 
seasons. Measurements are made, however, at short intervals to verify 
this fact or to modify the rating table in case. of slow progressive 
changes. After an unusual flood it is not uncommon for the conditions 
to be so greatly changed that a new rating table is necessa.ry. Dq.ring 
the period for which the rating table is constructed its values are 
applied to the record of height, giving a statement of the daily dis
charge. These figures of daily flow are not published in the following 
report, but in their place are given the maximum and minimum for 
each month and the average, this being stated in cubic-feet per second .. 
The total for the month is also given in acre-feet, that is, in quanti
ties equivalent to the given number of acres 1 foot in depth, 1 acre
foot being equivalent to 43,560 cubic feet. This total monthly flow is 
also expressed in terms of the area drained, that is, in depth in inches, 
assuming that the water came from all parts of the catchment ba.sin, 
and in cubic feet per second per square mile of tributary territory. 
The daily fluctuations are also shown in diagrams, since these give at 
a glance and in the most concise manner the character of the stream. 

RATING THE METERS. 

The relation between the revolutions of each meter and the speed of 
the water is a matter which, as before stated, must be determined for 
each instrument and tested at short intervals while in use. In order 
to run the meter at uniform velocities through still water, it is neces
sary that the instrument be supported on some sliding object. Sev
eral devices have been adopted, two of which are illustrated in the 
accompanying plate (Pl. VI). In the view marked .A. is shown the 
apparatus for rating meters at Chevy Chase, Maryland. This consists 
of the platform, about 200 feet in length! bmlt along the edge of a small 
deep pond whose waters are practically stagnant. On the outer edge of 
this platform are small iron rails, on which is placed an ordinary mine 
car or truck, with outrigger such that the meter can be held vertically 
over the water and immerRed to the desired depth. On the platform 
a m-easured course of lOO.feet is laid oft' and the· car is pushed by hand, 
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care being taken to pass over every 10 or 20 feet in a uniform number 
of seconds, so that the same velocity may be maintained from start to 
finish. In the view a meter is shown suspended from the car on the 
right-band side, and another meter in the background against the door 
of the house in which the car and smaller tools are stored. 

In the view B is shown the apparatus used at Los Angeles, Cali
fornia. This consists of a cement-lined trough along the edge of the 
reservoir. Above this is stretched au iron cable, suitably supported, 

Revolutions per second. 

FIG. 5.-Results of rating meters when inclined at various angles. 

and on the latter is a trolley with two wheels, by means of which the 
meter is supported beneath the surface of the water. 

By means of such a device the meter is propelled through the water 
over a measured course, usually of 100 feet, for 20 or more times in 
succession, the speed varying frolij. less than one-half foot per sec
ond up to 6 or 8 feet per second, or even more, the number of revolu
tions per hundred feet and the number of seconds being noted. There 
is thus obtained the feet per second and tho revolutions per second at 
diflerent speeds. When these data are plotted upon cross-section 
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paper, it is found that for higher velocities the points lie in nearly a 
straight line, but for lower· velocities there is a tendency for the 
revolutions per second to decrease, owing to the slight friction. in the 
instrument. A broken or somewhat curved line is therefore sketched 
for the lower velocities, and from this curve values are taken to make 
the arbitrary table of the relation between revolutions of the meter 
per secoud and speed of the water. This table is found to be fairly 
constant until the meter becomes injured or the friction notably 
increases by the wearing away of the more delicate points of the 
bearings. 

INCLINATION OF THE METER. 

In using current meters, esp~cially those suspended from a cord or 
line, it is frequently the case that in swift water the instruments are 
swept backward and tipped at an angle from the. horizontal, either 
momentarily or for a considerable interval of time. In order to obtain 
data concerning the re1i~bility of results under such conditions, a series 
of tests were made at the rating station at Chevy Chase, Maryland. 
A small Price current meter was used, held rigidly at various angles 
as measured from a horizontal line. The results are shown in the 
accompanying table, and graphically on the diagram, fig. 5. 

In the first case, at zero, tile meter was held firmly parallel to the 
surface of the water and caused to move through the water at uniform 
rate, the speed per second and revolutions per second being ascer
tained as in the ordinary operation of rating the instrument. Vari
ous velocities were used and figures obtained from which a rating 
table was constructed graphically. The meter was then inclined at an 
angle of 5 degrees and the operations repeated, obtaining a complete 
rating table for the meter when inclined for this angle. The same 
series of observations . were made at inclinations of 15 degrees, 25 
degrees, 35 degrees, and 45 degrees. The various lines showing the 
relation between velocity per second and revolutions per second are 
shown on the accompa_nying figure (fig. 5), each being marked with the 
corresponding angle. On examination of this it appears that the diver
gence of the rating is relatively slight, even when the meter is inclined 

. at angles of from 10 to 15 degrees, but iucreases with considerable rapid
ity for higher angles of inclination. The rating tables derived from 
these lines are shown below in ~ondeused form. At a velocity, say, of 
4 feet per second the revolutions per second at zero and at 5 degrees are 
the same, 1.76; at 15 degrees are slightly less, 1.74; at 25 degrees are 
notably less, 1.62, decreasing sti11 more for 35 degrees and 45_degrees. 
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Rating observations with meter inclined at dijfere'Tf.t. an!Jle~, at Chevy Chase, Maryland, 
June 30, 1898. 

oo. 50. 15°. 25°. 35°. ~ Velocity 
(feet Revolu- Revoln- Revolu- Revolu- Revolu-

~ 

per second). Revolu 
tiona per tiona per tions per tiona per tiona per tiona per 
second. second. second. second. second. second. 

1 ...... 0.42 0.43 0.43 0.39 0.39 0.35 
2 ...... .86 .87 . 87 .80 I .77 . 69 
3 ... - .. 1. 31 1. 31 1. 30 1. 21 1.15 1. 03 

4 .. -- .. 1. 76 - 1. 76 1. 74 1. 62 1. 52 1. 37 

5 .. -- .. 2.21 2.20 2.17 2.03 1. 90 1. 70 
6 ...... 2.6ii 2.64 2.61 2.44 2.28 2.04 
7 ...... 3.09 3.08 3.04 2.8fl 2.65 2.37 
8 .. - ... 3.54 3.52 3.48 3.26 3.03 I 2.71 

9.--- .. 3.98 3.96 3.91 3.67 3.41 3.05 

I 10 .. · .... 4.43 4.40 4.35 4.08 3.78 3.39 

I 

11 ...... 4.87 4.84 4. 78 4.49 4. 16 

~ HL ..... ,. 5.32 5.27 5.22 4.90 4.53 7 

At an angle of 5 degrees, with a velocity below 4 feet per second, the 
meter apparently revolves a trifle faster than when horizontal. In 
other words, at moderate speeds and at low inclination this form of cur
rent meter may indicate a slightly higher velocity than actually exists. 
At high speeds, however, and a high inclination the reverse is the case, 
as the meter turns somewhat more slowly than when held perfectly 
parallel to the current. When depressed beyond 25 degrees the resist
ance to the current approaches that offered by the tail and the meter 
swings about in a position nearly at right angles to the current, causing 
the head to approach the normal or zero angle. 

ORDINARY FLOW OF A STREAM. 

The question is frequently asked: What is the ordinary or usual flow 
of a given stream~ This question, at first sight simple, is, upon fur
ther consideration, found to be susceptible of a variety of answers. By 
examining any of the numerous diagrams of daily discharge published 
in this and preceding volumes it will be seen that the fluctua1;ions 
from day to day and from year to year are so great that the stream can 
scarcely be said to flow with regularity for any considerable period. 
An exception to this may occur during the summer droughts, when the 
river gradually shrinks or maintains its flow through deep-fed springs 
or seepage. For this season there may be said to be an ordinary flow, 
but this amount is not applicable to the whole year. 

In the computations of discharge the average flow has been esti
mated by months, and from this by years; but this average does not 
fulfill the conception of ordinary or usual flow, since it is notably 
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increased by floods. An arbitrary definition has been suggested in 
Rankine's· Civil Engineering.1 According to the rule there given the 
discharges, as observed daily, are arranged in the order of their magni
tude, without regard to dates. For a full year there would thus be 365 
figures, arranged in order from. the smallest to the largest. The list 
thus arranged is divided into an upper quarter, a middle half, and a 
lower quarter; or, in other words, the· first 9~ figures are taken out 

. to represent low-water conditions and the last 91 to represent flood 
conditions. The average of the middle half is taken, and is used in 
place of each of the 91 high, or flood, values. The mean of the whole 
list is thus taken as the ordinary or average discharge, exclusive of 
flood waters. It is claimed that the ordinary discharge, as computed 
in this manner fora number of streams in billy districts, has ranged 
from one-third to one-fourth of the mean discharge,"including floods. 

In order to exhibit the results of this method of treatment of the 
figures qf a given discharge, a dill gram, fig. 29, page 124, bas been pre· 
pared. This should be compared with the diagram of discharge 
arranged in sequence of dates and given in fig. 28, on page 123. To 
prepare this figure, the table of daily discharges has been examined. 
From this it appears that for 11 days in 1897 there was a flow of less 
than 4,500 cubic feet per"secontl; for 11 days additional the discharge 
was between this amount and 4,800 second-feet; for 10 days additional 
the discharge was between this latter amount ~tnd 5,400 second-feet, 
and so on, there being near the end of the list 2 days during which the 
discharge was 48,600 second-feet, and, finally, 4 days in which the 
flow was nearly 50,000 second-feet. Plotting these quantities, there is 
obtained a somewhat irregular curve, having on :the left-hand side the 
duration and length of the low-water flow, the line indicating this grad
ually rising to exhibit the extent of the floods. Vertical lines have 
been drawn at the 91st day and at the 274th day, the middle half, or 
183 days, being included between these. The horizontal line drawn 
between these vertical lines indicates the average discharge for the 
183 days, this average being 22,889 second-feet. The horizontal line 
beneath this, toward the right, indicates the ordinary flow as obtained 
by the rule mentioned above, in which the average, 22,889, has been 
substituted for the days during the last or flood quarter of the year. 
This ordinary flow is 18,894 second-feet. In comparison with this is to 
be noted the average flow for the whole year, 32,132 second-feet, as 
given on page 127, this being indicated by the upper horizontal line. 
In the case of streams rapidly fluctuating in quantity a diagram of 
this character is of advantage in showiug at a glance the number of 
days of drought or high water, but for most purposes it is considered 
that the diagram showing the fluctuations as they .occur has greater 
value. 

I Manual of Civil Engineerin~, by William John Macquorn Rankine, London, 1885, l'· 698. 
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W.ATER-PO,VER STREAl\fS OF l\1AINE. 

By DWIGHT PORTER. 

GENERAL STATEMENT. 

The following report relates to St. Croix, Penobscot, Kennebec, 
Androscoggin, Presumpscot, and Saco rivers, the principal water
power streams in southern Maine. The relative position of these 
streams is shown on the map, Pl. VII. The St. John, which drains the 
northern portion of the State, but which lies largely in an inaccessible, 
sparsely settled region, and appears to possess no water powers de
manding present attention, was not examined. 

The object sought in the investigation has been in particular to obtain 
all accessible data bearing upon the volume of the rivers and the yield 
of their watersheds, and furthermore to supplement and '9ring up to 
date such information regarding the fall of. the principal streams, their 
actual utilization, and their facilities for further development as has 
been presented by other writers in previous reports. Two such reports 
have appeared in the past: The Water-Power of l\faine, prepared by 
Walter Wells, in accordance with an order from the legislature of the 
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State, and published in 1869; and a report by Prof. George F. Swain; 
fl!>rming a portion of the general reports on water power contained in 
Volumes XVI and XVII of the Tenth Census (1880) of the United 
States. Each of the~e valuable reports was very complete in detail, 
and I have frequently drawn upon them for information presented in 
the following pages, where it seemed advisable to do so. Even since the 
later of them, however, very great increase has taken place in the use 
of water power upon the :Maine rivers, and data of much importance 
as to fall and discharge have been accumulated wl1ich were not tllen in 
existence, the principal features of which it has been endeavored to 
present here. 

The n:ieaus at command for this work were beli~ved not to warrant 
so det.ailed an examination of the rivers as would suffice for a complete 
description of the improvements and the unueveloped falls upon them, 
and it was rather in the nature, therefore, of a reconnaissance. The 
principal points on the streams described, with the exception of the St. 
Croix, were visited in August, 1806, by an assistant, 1\ir. Howard E. 
Smith, a recent graduate of the Massachusetts Institute of Tech
nology, and further examinations were made at sunury points by the 
writer in the summer of 1897. From notes thus obtained, based on 
direct observation and on interviews with manufacturers, engineers, 
and others, and from information obtained by correspondence, these 
reports have been prepared. Some discrimination as to accuracy should 
evidently be olJserved between the various data here offered. While 
the writer has sought to use due care in accepting and presenting facts 
and figures, it was not possible to obtain all of equal accuracy or pre
cision. Figures regarding flow and elevations have been treated with 
special care both in gathering, analyzing, and discttssing them, and by 
much correspondence every effort has been made to free them from all 
ambiguity. On the other hand, statements as to the position and avail
able fall of undevelop~d water privileges, and as to the power in use at 
those developed, and much other information obtained of a general or 
descriptive nature, it was not practicable to verify, and reliance bad to 
be placed upon seeking the facts from those presumably most competent 
to give them. Figures as to the horsepower in use at mills are particu
larly incomplete and uncertain. Where given by the manufacturer or 
his superintendent they probably most often refer to the nominal power 
of the turbines installed, running under the usual fall and at full gate; 
but often, in .the case of old wheels, even the nominal horsepower is not 
well known, and in some cases there was a refusal to state the power 
used, a difficulty for which there was no remedy. Nevertheless, reason
ably approximate statements upon these matters, if properly used, are 
believed to have value, and Lave lJeeu presented. 
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DATA OF STREAM DISCHARGE. 

As might, perhaps, have been expected, comparatively few records 
of actual stream measurements have been found, although no pains 
were spared to discover them. }"'or the Penobscot no measurements 
could be learned of, excepting two isolated ones made in low stages in 
the autumns of 1H84 and 1886 by Prof. George H. Hamlin. On the 
Kennebec tolerably complete and accurate measurements of the flow 
past Waterville have been recorded since the beginning of 1893; and 
on the Cobbosseecoutee, a tributary of the Kennebec, records of the 
monthly flow since June, 18!JO, were obtained. A considerable record 
of the flow of the Androscoggin at Rumford Falls, extending over 
about three years, from May, 1892, to May, 1895, was also secured. 
The most complete set of figures for flow acquired for any of the streams 
was for Presumpscot River, at the outlet of Sebago Lake, the average 
monthly discharge having been recorded continuously since January, 
1887. For the Saco substantially no figures as to actual flow could be 
found. 

With few exceptions the data for flow here given are based either 
upon the computed discharge through gates, the capacity of which 
under varying conditions of bead and opening has been independently 
determined, as in the case of the outlet of Sebago Lake, or upon the 
computed discharge over a dam, treated as a weir, or upon the com
puted flow through the turbines, which, if properly rated, may serve very 
well as water meters, or upon combinations of these methods, usually 
subject to sundry corrections for one reason or another. In no case 
are the figures for continuous records of flow based upon observations 
of height of water' at a known cross section of river for which, by 
instrumental means, the curve of discharge has been determined. In 
so far as they are based upon observations upon well-rated gates or 
turbin~s they would seem to be satisfactory. But when based, as most 
frequently on large streams, in part at least upon the flow over the 
crest of a darn, uncertainty often results, partly from the lack of knowl-

. edge as to the proper weir coefficient to apply in each particular case, 
and more especially, where flashboards are in use, from the irregular, 
varying, and perhaps unknown condition of the actual crest afl'orded by 
the flash boards; which may not only allow a large leakage at all times, 
but are likely in high water to be carried away altogether. Moreover, 
because of the varying draft during the day upon the storage in the 
mill pond at the point in question, in the dry season, and the irregu
larities in the receipts of water stored at points farther upstream, it is 
difficult to choose a time, for the single observation ordinarily made, 
which shall closely give the average flow for the working hours or for 
the twenty-four hours. For all these reasons the results of the ordi
nary measurements are to be accepted only as reasonable approxima
tions to the average flow which they seek to represent, and subject at 
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times to considerable error. They are, nevertheless, of very great value, 
and it is only by means of them, in the absence of more accurate figures, 
that plans for extensive water-power development can be safely and 
economically matured. 

In presenting such figures for :flow as have been obtained, the results· 
are first given in complete detail in average cubic feet per second, and 
usually also in the equivalent values in inches on watershed per month 
and in average cubic feet per second per square mile of watershed. In 
succeeding tables the flow is averaged by months, and finally, wherever 
warranted, the attempt is made to deduce the important and interest
ing relation between rainfa1l and run-off'. To derive this relation 
properly we need to know three things-the yield of the streams, con
cerning the measurements of which I have already spoken, the area 
of the drainage basin above the point considered, and the proper 
rainfall to charge against the basin. The determination of the area 
of the drainage basin is subject to the inaccuracies and incompleteness 
of detail of existing maps of the State, which in the case of the 
smaller basins may doubtless often lead to errors in result exceeding 
10 per cent. In deciding upon the rainfall to be assigned to a given 
basin difficulty is encountered from the. paucity of stations and incom
pleteness of their. records. Those records which are complete and 
long continued are mainly for stations rather near the coast, and are 
far from being certainly representative of the river basins as a whole, 
stretching far up into the elevated and mountainous interior of the 
State. The results obtained, however, are of sufficient accuracy, it is 
believed, to be of interest and value. 

LAKE STORAGE. 

Perhaps no single feature in connection with the flow of the streams, 
as affecting their value for power, is of more importance than the 
effects brought about, or possible to be brought about, in maintaining 
the dry weather volume by means of artificially controlled storage 
in the lakes. Maine is a splendidly watered State, and includes within 
the watersheds of her rivers almost innumerable lakes and ponds, gen
erally capable of easy control, and many of them constituting magnifi
cent reservoirs. The Rangeley chain, covering 90 or more square 
miles, at the head waters of the Androscoggin; Sebago Lake, with its 
50 square miles, supplying Presumpscot River; Moosehead Lake, com
prising 120 square miles, the largest inland body of water in New Eng
land, and forming the direct source of Kennebec River; Chesuncook 
and other lakes in the upper basin of the Penobscot; and the chains 
of lakes feeding the St. Croix, are famous examples. But, in addition, 
scattered over the State, are great numbers of smaller lakes, rauging 
in surface area from 20 square miles downward to a few acres, and 
storing in the aggregate a vast volume of water. "\Veils, in The Water-
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Power of Maine, p. 29, credits the six basins alone which form the 
subject of this report with between 1,100 and 1,200 lakes and ponds of 
sufficent size to have been represented on the maps, the combined 
water surface of these being nearly 1,700 square miles, or between 
7 and 8 per cent of the total drainage area of the streams, as follows: 

Lake. area tributa1·y to six p1·incipal1·ire1'8. 

' Number of I' AgA"regate i' 
lakes. wat_er sur-

! face. . 
1---

Sq. 1niles. I 

St. Croix .................................. . 61 150 

1 Penobscot ................................ .. 467 585 I 

Kennebec ................................. . 3~1 450 

Androscoggiu ............................. . 148 313 

Saco . . . . . . . . . . . . . . . . . . . . . . . . . . ............ . 109 84 

Presumpscot .............................. . 45 97 

Total ............................... ----1 1,141 l, 679 

------~ 

Draina~e ' area, of 
riYer. r 

Sq. miles. ! 
1, 630 

8, 500 
6, 330 I 

3,700 

1, 750 

__ 700 

1

. 

.22, 610 

What is possible of attainment in e~ceptionally favorable conditions 
through artificial control, for even a very considerable drainage area, "is 
well illustrated in the case of Sebago Lake, which covers nominally 50 
square miles and drains 470 square miles. Comparing the flow in the 
outlet of this lake with that in Penobscot River, a stream fed also by 
many and large lakes, but which are to but little extent controlled 
with reference to water-power inte.rests, we find that while the dry
weather flow of the Penobscot at Orono sinks in very low stages to 
about one-third of a cubic foot per second per square mile of drainage 
area, the average flow during the working days of the month from 

·Sebago Lake bas in no month iu ten years fallen below seven-eighths 
of a cubic foot per second per square mile; for three-fourths of the 
entire period it has not varied more t.bau 20 per cent either way from 
an average of 1£ cubic feet per second per square mile; aud in an 
especially favorable year the entire range of :flow bas been not more 
than 5 per cent either way from tho mean for that year. 

While the results already obtained from increasing and controlling the 
storage of the lakes have been of much value in maintaining the dry
weather flow of the streams, they are small compared with what might 
be realized from complete, systematic, and cooperative control. One 
serious difficulty in the way of securing the best results bas been the 
nearly direct opposition of interests between lumbermen and manufac
turers as regards the release of stored water from the lakes. The lakes 
fill in the spring, and in order to maintain along the rivers the uniformity 
of power which is generally required the stored water should be released 
in gTadually increasing amount until the succeeding winter or spring, so 
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as to compensate for the gradually failing yield from the watershed. 
But for the purposes of log driving it is required that the accumulated 
water shall be delivered almost at once after it has been collected, 
in order to float the logs down the streams to the mills or booms, and 
thus in one or two months as much water may be allowed to flow away 
aR would suffice to maintain the lake outlets at an average stage for 
the balance of the year. This is well illustrated in a diagram else
where given of a year's flow from Moosehead Lake. Of course com
plete control of the freshet waters is not generally practicable unless 
from a very limited watershed, and it is also partly in the interest of 
the paper manufacturers themselves that the logs are driven down
stream to be converted into pulp. Nevertheless, there is an evident 
diversity of interest a.s regards the delivering of this important ele
ment of power-the stored water-which much curtails the benefits 
that might otherwise be received by the water powers. 

'fOPOGRAPHY AND FOREST RESOURCES. 

The territory drained by the streams under consideration should be 
classed as in the main moderately hilly, the general elevation rising 
northerly from the coast, and from east to west toward the interior, 
becoming greatest as one approaches the White Mountains, to,vard 
the head waters of the Saco and the Androscoggin, where the hills are 
succeeded by mountains and the slopes become steep and rocky. Other
wise stated, a plateau extends in a northeasterly direction across the 
State, originating in the White Mountain region of northern New Hamp
shire, and ending to the south of Aroostook River on the New Bruns
wick border. The main divide gradually sinks in elevation from 1,800 
feet above tide on the western boundary of the State to 600 feet on the 
eastern. From this plateau, and mainly from its southern slope, rise 
the principal mountains of the State, in isolated or clustered peaks and 
sbort ranges. AU are of moderate height, the summit of Mount Katah
din, the highest, rising but 5,385 feet above sea level. In this elevated 
region the principal rivers have their sources, often interlocking, and 
the great reservoir systems of their upper waters are found. The 
northern slope of the plateau is characterized by a very gentle and 
uniform descent, giving to the streams of the St. John Basin sluggish 
flow and relatively small water power. The southern slope has ·a much 
more pronounced descent, especially in the western part of the State, 
creatiug the chief water powers of JYiaine. 

The surface. material is of drift formation--gravel, sand, and clay
of comparatively shallow depth, with frequent outcrops of granitic and 
slaty rocks. Only in the .Aroostook region, in the northeastern part. 
of the State, is the soil of so fertile a character as to fit it preeminently 
for agriculture; elsewhere it is seldom sufficiently deep or rich over 
large areas. Thus the natural covering of timber, easily and rapidly 
reuewed in the moist climate, seems likely to furnish permanently the 
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most profitable use of the land and to insure to it the endurance of an 
essentia1ly forest character. Forests still cover largely the interior 
and northern portions of the State, and, while the territory adjaceut 
to the coast and the lower portions of the immediate river valleys have 
been cleared, the upper basins are heavily clothed with timber, in spite 
of the inroads made for supplying the lumber and pulp mills. 

Inexhaustible as the supplies of pine and spruce in the State of 
Maine have seemed, the cutting of these has been sufficiently great to 
arouse well-founded anxiety as to the future, and to set on foot careful 
investigations as to the condition of the forests of the State, and as to 
the best means for maintaining them in permanent productiveness. 
Valuable information upon these questions bas already been secured 
by Mr. Austin Cary and presented by Mr. Charles E. Oak, forest 
commissioner of Maine, in his annual reports for 1894 and 1896. 

The original pine forests of the State are practically gone, and the 
existing growth is relatively inferior in quality. Scattered groves of 
pine, it is true, spring up readily upon tracts of burnt and abandoned 
lands throughout the State, and are especially numerous in the south
west, but the decline in the pine-lumber industry as a whole is perhaps 
.well enough indicated by the :figuresfqr the lumber cut upon the Penob
scot, which for the period 1851 to 1855 averaged 115,000,000 feet per 
year and for 1891 to 1895 only 25,000,000 feet per year. 

The spruce forests-the great and almost the sole source of supply 
for the pulp mills-are heaviest and of finest quality in the Upper 
Androscoggin Basin in New Hampshire and Maine, decreasing in size 
and quality of timber, as well as in density of growth, to the east and 
south, beyond the rugged White Mountain and Rangeley regions 
and toward the lower and more fertile borders of the Maine plateau. 
About two-thirds of the whole area of t.he State, however, is classed by 
Mr. Cary as spruce bearing on a commercial scale. This section includes, 
substantially, all the State except that portion lying west of Penobscot 
River and south of a line running up Piscataquis River and thence 
southwesterly through Bingham and Rumford Falls into New Hamp
shire. Even in the country thus excluded ~nuch spruce is found along 
the coast. Upon the mountains of the Rangeley region a pure growth 
of spruce is found, but elsewhere it is generally mixed with hard wood. 

From the report of the forest commissioner for 1896 it appears that 
during the five years 1891 to 1895 the annual cut of spruce on the 
Penobscot averaged about 100,000,000 feet. Mills taking their logs 
from the Kennebec require annually, as indicated by the :figures for 
1895, about 120,000,000 feet of spruce, nearly one-third of this being 
needed for pulp mills and the balance for sawmills. Over 90 per cent 
of the whole is cut within the Kennebec Basin. The mills on the 
Androscoggin consumed nearly 200,000,000 feet of spruce in J 895, some
what more than three-fifths being used at pulp mills and the balance 
at sawmills. All but a small percentage came from within the basin. 
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These figures, given for but a part of the State, are sufficient to indi
cate the magnitude of the present consumption of spruce timber. 
While in the view of Mr. Cary the annual production of spruce in the 
State as a whole is perhaps not yet overcut, he foresees that exhaustion 
of the original stock upon the larger rivers will in time eertainly be 
reached. A wise husbanding and management of the newer growth 
would, in his judgment, render such a result of no disadvantag~; but 
if, as in the Androscoggin Basin, for example, the extremely thorough 
cutting there practiced and the present rate of growth in the pulp 
business should continue, local exhaustion of the spruce supply, or else 
a rise in its value beyond the economical limit of manufacture into pulp, 
is entirely possible. 

The extensive cutting of the forests of Mai.ne has doubtless produced 
some local efl'ect upon the flow_ of certain of the smaller streams. It is 
to be doubted, however, if this bas yet been the case with the larger 
rivers. A great proportion of the State will probably always have a 
forest covering, which will be quickly renewed after the cutting of 
timber, except where serious fires destroy the soil. Such figures as to 
the flow of the rivers as are available cover periods far too short to 
serve for drawing any conclusions as to the result of forest cutting. 
Even were a considerable effect produced, the low-stage flow, in which 
it should be most perceptible, is so largely dependent upon artificial con
ditions produced by the development and management of lake storage 
that the influence would probably be disguised beyond recognition. 

PRINCIPAL USES OF THE WATER POWER. 

The rivers considered in this report derive their intrinsic value for 
water power not only from their large and relatively well-sustained 
flow and from the storage facilities existing, as already explained, but 
also from their large and rapid descent and its frequent concentration 
in abrupt falls and pitches over beds of unyielding granite. A con
spicuous example of this is seen at Rumford Falls, where the .Andros
coggin descends about 175 feet in a mile, creating a power with few 
equals in magnitude within the United States. 

The actual utilization of power on these rivers is mainly for the 
manufacture of wood pulp, paper, and lumber, with a large amount of 
power also devoted to cotton manufacturing at Lewiston and at some 
otl:ier points near tide water on the Androscoggin, Kennebec, Saco, and 
St. Croix rivers. A considerable power in the aggregate is converted 
into electricity and used for lighting, for operating street railways, and 
occasionally, as at Cumberland Mills on the Presumpscot, and at Rum
ford Falls on the Androscoggin, for manufacturing purposes. The 
development of the manufacture of wood pulp and paper by water 
power upon these streams bas been most remarkable, especially upon 
the Androscoggin, where nearly 50,000 horsepower is now utilized in 
this way. The generation of electricity for 9ity lighting from water 
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power frequently results in the employment of what would otherwise 
be waste power, since electricity is required mainly at night-a time 
when for most manufactures the power of the streams is uot needed 
and commonly goes to waste. .An illustration of this is seen at 
Brunswick, on the Androscoggin, where the Cabot Manufacturing
Company uses 1, 700 horsepower by day in its extensive cotton mills, 
but leases 1,000 horsepower at night for electric lighting. Statistics 
of the total power in use on the six main rivers here treated, taking 
no account of that in use on their tributaries, are known only approx
imately, either for the prese!lt time or for that of the census of 1880, 
when such figures were last presented. Such results as are at com
mand, however, iudicate an increase for the intervening period of at 
least 200 per cent-from about 35,000 to above 100,000 horsepower. 
The main facts as to fall and utilized power are briefly set forth iu the 
following table: 

River. 

Powm· statistics of Maine r'irers. 

Section. 

• i I Ap- !~~r!lil . 
Corresponding Length proxi- ~mbra..ced Approximate 

I limits of of sec- mate . m exist- pow«:;r of tur-
1 drainage area. tion. fall in mg water-~bmes mstalle,_d, 

section .. power August, 1891. 

! ments. 
\

Improve-

----- 1---------1-----1
------------

Square miles. Miles. Feet. I Feet. I.IIorsepo1Nr. 

St. Croix._ --I,· Foot of Schoodic 420-1, 530 55 383 ! 70 
1 
2, 500-3, 000 

Lake to tide 

water at Calais. 

Penobscot .. Foot of Chesun- 1, 440-1, 640 18 400 Kone. None. 

cook Lake to 

htad of Pame-

I decook Lake. 

Do ...... Foot of 1' win 1, 990-4, SlO : 29 288 None. None. 

Lakes to below ! 
I mouth of ~Iat- : 

! 

ta.wamkea.g 

River. 

Do------ )fouth of Matta- 4, 810-7, 910 60 111 I 78 11,500 

i 

wamkeag River 
I to tide water at 

I 

I I Bangor. 

Lake~ -s I Kennebec ... 
I, 

)foosebead 1, 250-2, 900 ' 720 None. None. 0 I 

to head of Car- 1, 
I 

ritunk Falls. i 

Do .. __ .. Head of Carri- I 2, 90~5, 770 60 314 1 142 24,000 

tunk Falls to 1 

tide water at I 
Augusta. I 

i i 
I 

I I 
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Powe1· statistics of Maine 1·ivers-Continued. 

I lA . . pprOXl· 
Ap· matefaH 

Approx;ruate I i Corresponding Length proxi- e!llbra.ced 
r. Section. limits of of sec- mate . m exist- power of tnr-

drainage area. tion. fall in mgwater- bines installed, 

section. iJ~~~!'e. August, 1897. 

Rive 

ments. 
I 

--~ --

Do 

I Square miles. Miles. Feet. Feet. Horsepower. 

coggini Umbagog Lake to 1,180-1,480 31 2081 None. 
I 

None. 

head of Berlin 

Falls. 

.............. Head of B e rl in 1,480-2,220 52 6281 
a 327 il Palls to foot of 

Rumford Falls. 
b 70, 000 

-----·1 Foot of Rumford 2,220-3,700 75 420 b201 

: 
F all s to t i u e 

.Andros 

Do 

I water at Bruns-I 

I wick. 

Presnm pscot Sebago Lake to 470-700 22 265 110 6,000 
tide water. 

I 

Head of· Great .... --Saco- _ 856-1,734 41 343 c130 5,500.:-6,000 
Falls to tide I 

water at Bitlde-

ford and Saco. _ _j 
a Including entire fall of 177 feet at Rumford Falls, only a portion of which is actually used .. 
blncluding the 18 feet of fall aUt16,000 horsepower being deYeloped at Petersons Rips. 
c Including 35 feet at dams used only for storage purposes. 

Were it possible, it would be of great int.erest to state also the total 
horsepower further available on the different rivers. To compute this 
with suitable accuracy would require, however, more complete knowl
edge than is now at command, both of the volume of flow at different 
points on the streams and of the amount of fall which it would be 
practicable to develop. From such :figures for flow as are given for 
some of the streams, in connection with the tributary drainage area, 
anyone may estimate the power to be 'realized at a given stage and for 
a given fall in an adjacent section of the stream; and it is to be hoped 
that, as time goes on, the data upon which to base such estima1Jes will 
be greatly extended. 

ST. CROIX RIVER. 

St. Croix River, which, if traced to its bead waters, forms nearly one· 
half the eastern boundary of Maine, separating that State from New 
Brunswick, is in one important feature pertaining to water power-its 
lake system-foremost among the larger rivers of Maine. Its total 
drainage area,.shown in fig. 6, is about 1,630 square miles; but of this, 
960 square miles, or 60 per cent, is tributary to the great reservoir 
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systems controlled by dams at Vanceboro and Princeton, on the East 
and West branches, respectively. These systems comprise approxi
mately 55 square miles of lake surface above the Vanceboro dam, and 

0 s 10 zo 30 

Statute miles. 

FIG. 6.-Drainage basin of St. Croix River. 

70 square miles above that at Princeton, considering only the principal 
lakes and ponds; indeed, above the points mentioned each branch of 
the main river is simply a succession of lakes almost to the extreme 
head waters. Wells estimated the total lake surface of the St. Croix 
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at not less than 150 square miles, or nearly one-tenth of the whole 
drainage area. The topography of ~he basin is favorable to the easy 
development of extensive artificial storage, the surface bei.ng to a large 
degree low and flat, as indicated by the Indian name " Schoodic," sig
nifying low, swampy ground, which is applied specifically to the lakes 
above Vanceboro, but sometimes in a general way to the whole St. 
Croix region. The drainage areas, as measured on Colton's map of 
Maine, are as follows: 

Drainage areas of St. C1·oix .River. 
Square miles. 

Vanceboro dam, foot of Schooclic lakes ............ __ .. _ .. _ . .. . . . . .. . . . . .. .. . . 420 · 
Little Falls ................ _ ............... · ...... _ ..... __ . . . . . . . . . . . . . . . . . . . 500 
Immediately above month of West Branch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 650 
Immediately below month of ·west Branch .................... _ ............. 1, 400 
Spragues Falls ........... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 450 
Calais, lower dam ..................... _ ...... , ...... _ ...... _ ................. 1, 530 
Mouth of nver, eastern border of town of Calais ............................ 1, 630 
West Branch, at Princeton dam............................................. 540 
West Branch, at confluence with main river ................... -.---.......... 750 

Without railroad communication, except as afforded by the· east and 
west line of the Maine Central, continued east of Vanceboro by the 
·canadian Pacific, and a short road running up from Calais to Princeton, 
the main portion of the basin is practically a wilderness, visited only 
by lumbermen and sportsmen. The cities of Calais, situated where the 
St. Croix becomes a tidal and navigable estuary, and St. Stephen, 
directly across the river in New Brunswick, have a population, respec
tively, of about 8,000 and 3,000. These are points of supply and trade 
for the surrounding country, and the valuable water power aft'orded by 
this portion of the river has here been utilized for sawing the greater 
part of the logs cut upon the upper basin, as well as for other impor
tant manufacturing purposes. There is a small settlement at the village 
of Baring, a few miles above Calais; a population of 1,000 or more.at 
Princeton, on the West Branch, and nearly the same at Vanceboro, on 
the East Branch or main river; but elsewhere, on both these streams, 
there is no habitation, except at long intervals a farm house or a log
driver's camp. 

Substantially all the timber now standing in the St. Croix Basin is 
said to be controlled by the sawmill owners at Calais and St,.. Stephen. 
This is a consideration of some importance, if .an attempt be made to 
develop the manufacture of wood pulp, inasmuch as a bargain must 
be made with these owners for a supply of logs. There is reason to 
believe, however, that a satisfactory arrangement could be made 
with certain of them. The timber now being cut in this basin is 
mainly _spruce and hemlock. Twenty years ago the amount annually 
cut was as much as 100,000,000 feet; but for various reasons it has 
fallen away to 25,000,000 feet, although it is estimated that, under im
proved business conditions, the product would perhaps rise to 35,000,0~0 
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feet. Smaller logs than formerly are now accepted. Some of the saw
mills have gone to decay, and others which were burned have not been 
replaced. 

FACILITIES FOR LAKE STORAGE. 

The storage in the principal reservoirs of the St. Croix is controlled 
by the St. Croix Log Driving Company, a chartered association com
prising the various mill owners upon the river. This company has a 
monopoly of log driving upon the river, inasmuch as no one can drive 
Jogs unless he comply with its conditions and share in the expenses 
assessed by it. Its office is to maintain the dams at certain lakes,'to 
drive the logs down to Baring, and to assess equitably upon the mem
bers the cost of these operations. While the purpose of the company 
is primarily to facilitate log driving, and water is drawn from the 
lakes for that purpose in whatever amount is needed for a period of 
perhaps fifty or sixty days, for the balance of the season the log-driving 
company seeks to utilize lake storage as far as possible for the water
power interests of the river. 

In the West Braneh Basin the company maintains dams controlling 
the storage in Big Lake, Grand Lake, and Sysledobsis Lake. The 
dam at the foot of Big Lake and its prolongation through Long and 
Leweys lakes is situated at Princeton and gives about 5 feet of avail
able storage, the three lakes being credited by Wells 1 with about 16 
square miles of surface. The tributary .drainage area is large, amount
ing to 540 square miles, and every spring there is wastage at the dam. 
Grand Lake, which is situated the next above on this branch, between 
80 and 90 feet higher than Big Lake, is controlled by a dam giving 6 
or 7 feet of storage, extending back over Grand, Compass, Junior, and 
some other smaller connecting lakes. The area of water surface com
manded can not be given with any accuracy,. but from Wells's figures 
would appear to be upward of 25 square miles. Still above, at the 
outlet of Sysledobsis Lake, is a dam giving a storage of approximately 
8 feet in that lake, which is stated by vVells to have 7 square miles of 
surface. 

On the East Branch, or main St. Croix River, the dam at Vanceboro 
commands 13~ feet of storage over about 27 square miles comprised in 
the lower Schoodic Lake; while above, at Forest City, another dam 
gives a few feet of storage over the 25. square miles of the upper 
Schoodic, or Grand Lake. 

There are also private dams on most of the minor streams, but the 
storage in each case is small in comparison with that obtained at the 
above Jakes. Such dams are not kept in good repair, and the reservoirs 
receive no further attention after having been drawn down for the season. 
Much might be accomplished to improve the storage of the river as a 
whole by bringing these numerous private reservoirs under a general 

I Water-Power of Maine, p. 119. 
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system of control, if this were found practicable. It is doubtless also 
possible greatly to increase the storage in many existing reservoirs by 
raising the dams~ 'l'he country surrounding the lakes is tfat, and even 
low dams produce extensive flowage. While such improvements, how
ever, could have easily .been secured many years ago, when the flowed 
tracts were woodland, they are not now so feasible in the case of the 
larger lakes, because of the altered uses of the laud and the conse-

. quent increased damages which would be incurred for flowage. 
No measurements of the flow of the river l1ave ever been made, so far 

as can be ascertained, and the experience of the mills now in operation 
throws the only light to be had on the amount of flow. The level, 
wooded surface of the basin, and the large extent of lake and swamp 
area, naturally result in a well-sustained low-season .flow, in spite of 
the subordination of water power to log-driving interests in the man
agement of the storage. On the other hand, the freshet rise is not 
excessive. the extreme range between high and low water amounting 
to 6 feet upon the Baring dam, and probably not exceeding 8 feet any
where on the river. 

F .ALL IN 1.'HE RIVER. 

~I\. monument marking a point upon the State boundary at the extreme 
head waters of the St. Croix proper is 538 feet above tide, from which 
there is a descent of nearly 100 feet to Grand Lake. From Grand Lake 
to the lower Schoodic Lake, or Chiputneticook, as it has also been 
called, there is a fall of about 60 feet, and at the dam controlling the 
former lake, at Forest City, some power is utilized, tl.Je particulars of 
which were not learned. At the Vanceboro dam, at the foot of the 
lower Schoodic Lalre, no power is used; but half a mile or so farther 
downstream there is another datp, at which a fall of about 8 feet is 
employed for nine turbines operating the machinery of the International 
Leather Company's tannery. From this point no dam is encountered 
on the St. Croix before reaching Baring, nearly 50 miles below, except
ing an occasional wing dam built by the log drivers for controlling the 
channel. In spite of the relatively low elevation of St. Croix Basin the 
river has a good slope, averaging about 7 feet per mile, and amounting 
to more than 350 feet from below the lower Vanceboro dam to mean 
tide at Calais. Of this amount approximately two-fifths in the aggre
gate, or say 140 feet, is concentrated at Spednic Falls, Grand Falls, 
Spragues Falls, and Calais, the balance being spread over the various 
rips and smooth-flowing sections of the stream. While at the falls the 
banks are generally rocky and of good heigh~, elsewhere they are com
monly low and succeeded by wide, level stretches of wooded land. Here 
and there, as noticeably above Canoose Rips, the river widens out almost 
to the dimensions of a lake, running for miles 1,000 feet or more in 
width, with gentle current. The distribution of the entire fall of the 
river as determined by Anson's survey, made prior to 1840, and quoted 
by vVells in Water-Power of Maine, p. 115, is set forth in the following 
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table and in the diagram, fig. 7. The figures given are perhaps sub
ject to minor changes, however, at the upper and lower extremities of 
the stretch considered, due to the construction of dams since the sur
vey was made. 

Fall in St. Croix River. 

Distance Height Fall Distance 
.Average 

from above ap· fall per 
Locality. • Calais proximate between between mile be-

bridge. low tide.a points. points. tween 
points. 

Miles. Feet. Feet. Miles. Feet. 

Schoodic Lake, at foot ...... 54.62 382.6 
} 9.7 0.56 I 

:F'oot' of Kill-merquick Rips .. 54.06 372.9 
} 14.6 i 3.04 

Head of Mile Rips .......... 51.02 358.3 t 22.9 
I 

1. 00 I 
:F'oot of Mile Rips ........... 50.02 335.4 I 83.2 10.07 
Head of Rocky Rips ...•.... 39.95 252.2 

} 24.8 I 3.38 
:F'oot of Rocky Rips ......... 36.57 227.4: 

t 
I 

1.0 0.63 I Head of Meetinghous~ Rips. 35.94 226.4: 
7.7 1. 06 I :F'oot of Meetinghouse Rips .. 34.88 218.7 

} 0.2 1. 00 I Head of Haycock Rips ...... 33.88 218.5 
} 6.0 0.39 

I 
Foot of Haycock Rips ...... 33.4:9 212.5 

} 0.6 2.88 
Head of Canoose Rips ...... 30.61 211.9 

f11.2 0.56 
:F'oot of Canoose Rips ....... 30.05' 200.7 7.00 10.7 7.30 
Head of Spednic Palls ...... 

1 

22.75 190.0 
} 20.1 0.53 

I 
Foot of Spednic Falls ....... 22.22 169.9 

l I 
Grand E'alls, head of upper 3.9 2.25 

I 
pitch .................... 19.97 166.0 

1 I f 20.0 0.56 
Grand Falls, lower pitch .... 19.4:1 146.0 

I} 17.8 7.93 
Head of Enochs Rips ....... 11.4:8 128.2 

1

} 9.6 0.69 
Head of Spragues Falls ..... 10.79 118.6 I} 25.4 0.36 
Foot of Spragues Falls ..... 10.4:3 93.2 I} 6. 7 5.05 
Baring bridge .............. 5.38 86.5 !} 13.9 3.60 

I~ 
Milltown, upper bridge ..... 1. 78 

-... ~~: ~- -I} 72. 6 
1.78 

Calais bridge ............... 0.00 
I 

a Mean rise and fall of tide about 20 feet. 
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FIG. 7.-Protile of St. Croix River from Vanceboro to Calais, Maine. 

Passing below the village of Vanceboro, the first important pitch 
encountered is that at Little Falls, some 8 miles downstream, although 
rapids occur at intervals in the intervening stretch, the most notice
able of t.hese being Mile Rips. At T.Jittle Falls the river ilescends over 
ledges perhaps 3 or 4 feet in as many hundred.. The banks are high 
and rocky, and the site appears excellent for a dam of moderate height, 
which probably need not be more than 200 feet long, and which would 
give a fine pondage over the wide and. sluggish stretch of river above. 
For the first 6 or 8 miles below Little Falls there is a rapid succession 
of rips of varying degrees of roughness. The river then becomes w.ide 
and sluggish, probably measuring 800 or 1,000 feet between banks, and 
in the 4 miles from Keene Place to Canoose Camp is broken only by 
the rips near Rideout's. At Canoose Rips, which are some 12 miles 
below Little Falls, the descent is considerable, amounting, according 
to the table elsewhere given, to 11 feet in about half a mile. Less than 
half a mile below Oanoose Rips are Dog Island Rips, sh~rt but heavy, 
and thence, for the succeeding 8 miles to Spednic Falls, the river is 
almost uniformly smooth. 

The Spednic J.i,alls are not more than 2 miles above the mouth of the 
West Branch of the St. Croix and form ail important water privilege. 
The river here descends in a succession of pitches and rapids, mainly 
comprised within 1,000 feet, and with a total fall of about 20 feet in 
half a mile. The banks are rocky, though not high at the head of the 
falls, and the main channel is narrow. One or more side channels 
through which also tlle stream naturally flowed have already been 
dammed by the lumbermen. 

Almost immediately below the mouth of the West Branch are Grand 
Falls, comprisi11g what are known as the upper and lower pitches, 

19 GEOL, PT 4--4 
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perhaps half a mile apart, and each covering a fall of 15 or 20 feet. 
At the upper pitch there is an abrupt fall of about 6 feet, followed hy 
heavy rapidR. The river is naturally divided by a rocky island, but 
by a log wing dam its flow has been confined within a single main 
channel. The lower falls are a close counterpart of the upper in all 
their principal features, and both are to be regarded as important sites 
for power. 

Below Grand Falls there are only occasional light rips for 8 miles. 
Then are encountered Enochs Rips, closely succeeded by Spragues 
Falls, shown in Pl. VIII, A, the latter undoubtedly constituting the 
principal undeveloped water power of the river. The St. Croix and 
Penobscot Railroad, running from Calais to Princeton, skirts the east 
bank of the river opposite the falls, and crosses a short distance 
upstream. There is a resemblance to the sites at Grand and Spednic 
falls, in that the river is divided by a rocky island. The channel to 
the right of this has been closed, for log-driving purposes, by a loug 
and high wing darm, forcing the river between the island and the left or 
east bank. This channel is 150 or 200 feet wide, and at the head of the 
falls the facilities seem excellent for the construction of a dam, which 
would have for abutments the ledges of the island and the left main 
bank, both of which are of sufficient height. Approachiug the falls 
from above there are heavy rapids for 500 feet, then an abrupt pitch of 
6 or 8 feet, followed by rapids and minor pitches for 800 or 1,000 feet 
farther, the total descent, according to Anson's old survey, amounting 
to 25 feet in a third of a mile, or, if combined with Enochs Rips, 35 
feet in a mile. On all accounts the water power at Spragues Falls is a 
fine one. No very close estimate, however, can be made as to the avail
able power. The drainage area is not materially different from that at 
Calais, and, judging from the experience of the mills in that city, the 
power probably would not, in an extreme drought like that of 1895, 
exceed 40 or 50 net horsepower per foot of fall, continuous for the 24 
hours, or, say, from 1,000 to 1,200 net horsepower for the entire fall of 
25 feet. The shortage of 1895 is attributed in part to unwise manage
ment of the lake storage, and it seems quite certain that throughout 
all ordinary years the power at Spragues Fal1s is much in excess of the 
figures above given. 

In the 5 miles from Spragues Falls to Baring, the river bas but slight 
f~ll, but therefore afl'ords large pondage and valuable storage space 
for logs. At Baring there is an old, dilapidated, and leaky dam, built 
from ledge to ledge and affording a head of 8 or 10 feet at the mills, 
although from the ordinary level of the mill pond to the foot of the 
rips below the dam the fall is stated to be about 12 feet. Thirty years 
ago a large amount of lumber was sawed here and eight or ten gaug 
saws were in operation; but the old mills have been burned and not 
rebuilt, and the manufacturing is now confined to two small establish
ments on the American side of the river, making shingles, barrel 
heads, and box shooks. 
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POWER l:r.tlLIZED AT CALAIS AND VICINITY. 

~lle next anu last power Qll tlle river is that at Calais and vicinity. 
Tbe St. C.coix, which above this. point has in general run between low 
banks and o~n depressed but little below the level of the adjacent 
country, now ap~s to have worn it~ channel much below that level 
and in less than 2 mi~s, from the surface of the upper pond at 1\Iill
town to tide water at the--lower Calais bridge, descends about 54 feet 
measured to ordinary high tit\% or about 20 feet more than that if 
measured to ordinary .low tide. Calais and its upper suburb of Mill
town lie on the American bank, and ~Stephen with its suburb, also 
called Milltown, lies across the river. Manufacturing is conducted at 
four different dams, three of which appear tQ, be old and l~aky. All 
are of log construction. 

At the upper dam the fall is 12 feet, and the power is all owned by 
H. F. Eaton & Sons, who operate a sawmill on each bank, that on the 
Canadian side being equipped with four gang saws and a planing mill, 
and that on the American side with three gang saws, a planing:tuill, and 
a box machine. These mills have a combined capacity for sawing·more 
than 25,000,000 feet of lumber in a season, but on account of dull 
times only four gang saws were in operation in July, 1897. A short 
distance below, a wing dam on the American side, commanding a part 
only of the flow of the river, gives a fall of 9 feet, the power corre
sponding to which. is used in James Murchie & Sons' mill, equipped 
with three gang saws, a planing mill, and shingle mill. On the oppo-

. site side of the river is a dam in a dilapidated condition, giving a few 
feet of fall, now used only for operating a shingle mill. 

The next privilege occurs at what are known as the Salmon Falls, 
shown in Pl. VIII, B, and is the most important and the best developed 
at this locality. It is owned by the Canadian Cotton Mills Company, 
Limited, having a fine mill on the New Brunswick bank, equipped with 
34,000 spindles and 1,100 looms, and employing 725 hands. The dam 
is a tight and costly structure of log cribs packed with stone, and 
develops a normal fall of about 21 feet. Three 54-inch Hercules tur
bines are installed, but only from 1,000 to 1,100 horsepower is actually 
employed. For ,this there has been no shortage except in the summer 
or fall of 1895. The mill is dependent upon the continuous flow of the 
stream, the pond being small and no material aid being received from 
storage of night flow either here or at.the dams above. 

The last dam on the river is near the head of tide water. It gives a 
fall reckoned as normally 10 feet, but varying, with the season, from 
8 feet at times in dry weather to 12 or 13 feet in freshets. The ordinary 
tidal rise and fall below the dam is 1 or 2 feet, and that in spring tides 
3 or 4 feet. The- entire privilege is owned by Mr. Frank Todd, who 
operates mills on both banks, ordinarily sawing in the aggregate 
8,000,000 or 10,000,000 feet of lumber per annum. He also owns the 
electric-light station, at which 500 horsepower of turbines is installed, 
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with about 200 horsepower in present use, and proposes also to build 
on the American bank a sulphite pulp mill. Below this dam heavy 
rapids are exposed at low tide, but the power is naturally of little 
consequence. 

WEST BRANCH OF S'l'. CROIX RIVER. 

The West Branch bas a materially larger drainage area than the 
East Branch, or what has been called the main St. Croix River, com
prising 750 square miles at the confluence of the two streams, and 540 
square miles at Princeton. No power is used. however, except at 
Princeton dam, at the foot of Big Lake, or, perhaps more properly, at 
the foot of the eastern extension known as Leweys Lake. This dam is 
an old structure, clearly allowing much leakage, and gives a head. at 
the mills amounting at. a favorable stage of water to about 9 feet. 
Power is used for F. Mercer & Sons' grist rriiil, box mill, and sawmill, 
the latter manufacturing from 7,000,000 to 8,000,000 feet during the 
season, and for S. L. Peabody's one-set woolen mill. 

From Princeton to the mouth of the West Branch is a distance of 
about 8~ miles, in which the fall amounts to between 12 and 13 feet, 
according to Anson's survey. The stream runs much of the way 
between low banks, from 250 to 350 feet wide in the narrower portions 
of its course; but spreading out in· places to a much greater width. 
The current is gentle and the surface smooth, broken only by Tomah 
and Black Cat rips, neither of thelll so strong that they can not be 
ascended readily by poling in a canoe. Above Big !Jake the outlet 
stream from Grand Lake bas a fall, by Anson's survey, of 82 feet in 
its length of 2! miles, doubtless furnishing good water powers, but at 
present removed from settlement and from railroad communication. 

PENOBSCOT RIVER. 

The largest river basin in Maine is that of the Penobscot, shown on 
Pl. IX, which comprises about 8,500 square miles, or somewhat more 
than one-fourth the entire area of the State. It extends about 135 
miles northward from the coast and in its upper portion stretches 
nearly an equal distance east and west, reaching almost entirely across 
the central part of the State, from the New Brunswick border on the 
east to the Quebec on the west. In the main, the eastern part of the 
basin, including .the drainage areas of the East Branch and the Matta
wamkeag, has a gently undulating surface, insensibly blending into the 
valley of the Aroostook on the north at an average height above tide 
probably not exceeding 1,000 feet. To the westward the surface 
becomes broken and much diversified by hills, detached peaks, lakes, 
ponds, and swamps; and finally, as described on page 103 of Wells's 
report, "The valley becomes merged with that of the Kennebec on the 
south and the Allaguash on the north, and terminates on the. northwest 
at the highland boundaries of the State and iu the swamps and lagoons 
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which form the common reservoir of tbe St. John and Penobscot." 
l\1ouut Katahdin, the highest peak in Maine, lies ab.out 10 miles north 
of the river in the central part of the State, but the basin as a whole is 
less elevated than that of either the Kennebec or the Androscoggin. 
Slate is the principal surface rock over the upper basin, succeeded by 

·schists, granite, and gneiss to tile east and south, while· the soil is 
mainly gravel, clay, and loam. The country dra.ined by the Penobscot 
is heavily timbered, and the lumber industry is the most important in 
the valley, the drive of logs for the season of 1896 being estimated at 
about 110,000,000 feet, more than half of this coming from the West 
BI'a'nch. 

Drainage m·eas, Penobscot Rit'er and p1·incipal t1·ibuta1·ies. (a) 

River. Locality. 

Penobscot .... ---- Opposite northwest extremity of Moosebead 

Lake, townsLip of Secboomook, immedi- : 

I ately uelow mouth of Nulhcdns Creek. ' 
Do . ____ .. --_-I Entrance into Cbesnncook Lake ... _____ . ____ .I 

. I 
Do ....... ---·j Ontletof Che.snncookLake ..... ·----· ---·----
Do .... _ .. ___ . Outlet of Twm Lakes_ ...... _. _ .... __ . _ . ____ . 

Do. ____ . ____ . Immediately below month of East Branch of j 

Penobscot. 1 

Do .... _ ... -.. Immediately below mouth of Mattawamkeag I 
River. 

Do ... __ ... _. _ Immediately below mouth of Piscataquis 

River. 
Do_ .. ___ .. _.. Oldtown, above mouth of Pushaw River .. ~ ... 

1 

Do ...... _.... Bangor .. _ .... ___ ... ____ ......... __ ........ ___ : 

Do ....... --·· :Month ......... ·---·· ....................... ! 
Caucomgomoc __ . _ Entrance into Chesuncook Lake ... _.. . . . . ___ : 

East :Branch of Mouth .................. ____ ................. : 
I 

renouscot. 

:Mattawamkeag _. Immediately below ontlet ofBaska.hegan Lake.· 

Do ........... 1\1outh ·····--····--· ···-·----·· ... · .......... · 
Piscataquis .. __ .. Dover ...................................... .. 

Do .. _. · ... ___ . Immediately below on tlet of Se bee Lake ..... . 

o ........... ::\fouth ·----· ................................ . 

dnrnkeag. ··;Mouth ...... ------ ........... ____ ..... _ ...... . 

-~-- ----

Drainage 
a-rea. 

Sq.miles. 

600 

870 
1, 440 
1, 990 
3, 160 

4,810 

6, 590 

7,240 
7,910 
8, 550 

230 
1,170 

190 
1,530 

380 
750 

1,500 
400 

a~leasnred on G. ·w. & C. B. Colton & Co.'s map of Maine, published in 1883. 
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FALL IN THE RIVER. 

Tbe remote sources of the Penobscot are adjacent to the head waters 
of the Obaudiere, St. Jobu, and Kennebec rivers, and are more than 200 
miles by water from the outlet into Penobscot Bay. The divide in tbe 
extreme northwest averages perhaps 1,800 feet above sea level. In the 
50 miles from the head of thl.3 Southwest Branch to Chesuncook Lake 
there is a descent of about 600 feet, but the stream there is small and 
relatively inaccessible. After issuing from Chesuncook Lake t.he river 
has a further fall of about 400 teet in less than 20 miles before entering 
Pamedecook and Twin lakes, but still lies in a wilderness, with no direct 
railroad communication. The ''Great Arches," at Ripogenus, below 
Ohesuncook Lake, are shown in Pl. X. The tributary drainage area 
has increased from 1,440 square miles at the foot of Ohesuucook Lake · 
to 1,990 square miles at the foot of Twin Lakes. In the next 30 miles, 
or thereabouts, below 'rwin Lakes to the mouth of the Mattawamkeag 
River, the Penobscot descends 288 feet; and because of this rapid fall, 
the enlarged drainage area, and the extensive storage facilities offered by 
the lakes, this section possesses water power of great intrinsic value, 
although a demand for its development has not yet arisen. 

Fall in Penobscot River. 

~ Looa\ity. 

Dis· 
tance 
from 

mouth 
of 

river.a 

1------------ ---
I 

I Dis- a!ev:.!ilj. 1 
~b~~t Fall be- tance per 
mean tween be· mile I Aathority for elevations. 
tide. points. tween be-

points. tween 
. points. 

- ---- --- --~~ --------
Miles. : Feet. 

}

Feet. I Miles. I Feet. ) 
• I I 

Penobscot Lake, head : 218 ;1, 509 

4751 25 119. 0 II of S,V. Branch. 

Off NW. angle of I 193 11,034 

Moosehead Lake. } 134 24 ! 5. 6 II 

Head of Cbesuncook 

Lake. 

Foot of Chesuncook 

Lake. 

Head of Pamedecook 

Lake. 

Foot of Twin Lakes __ 

Bangor and Aroos- l 
took R. R. crossing I 

below foot of Twin I 
Lakes. : 

169 

151 ; 

133 

I 

116 I 

116 

I • 

: Wells: Water-Power 

i I> of Maine, p. 10i. 

18122.2 ' I 

900 I : 

14oo I 

900 

500::1: i 
I I 

..... J 500::1: _____ J ____ _ 
465 ) 

~~ 
I 

{

Moses Burpee, chief 

engineer, Bangor 29 I 9 9 :kJ I, • . and Aroostook 
R.R. 

I I 

a Measured on Colton's map of Maine, scale about Similes to the inch. 
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Fall in Penobscot Rivm·-Continued. 

j n· Aver· 

I 
Is- H . ht Dis· age fall 

t.ance eJg Fall be- tance per 
from above tween be- mile 

, mou.th m.ean points. tween be-
l .. ot tide. points. tween 

Antho,;ty forolevatiouo.l 

nver. , points. 

1-----1---1-----1 
Miles. Feet. Feet. Miles.! Feet. 

Canadian Pacific 
Rwy. crossing near ! (P. A. Peterson, chief 

87 I a 177 l I I 

1 month of Matta-' 71 31 2.3 i< engineer, Cana-
' II 
1, wamkea~ River. L dian Pacific Rwy. 

I Mouth of Passadum-
1 

} 

45 1
.
7 

! 

keag River. 2. 6 
i. {'Veils: ·water-Power 

of Maine, p. 101. 
Maine Central R. R. ·f { H c R b' t 

1 

• • o 1nson, ass . 

I 

crossingatOldtown. 1?. • """ . I 
1 61 - 5. 1 : engmeer, in. ~LIne 

Bangor ___ . _______ ~ __ 
1 

\ J I Central R. R. 

·a Adjusted for water surface and mean tide from elevation of track, 220 feet above extreme low 
water at St. Jobn, New Brunswick. 

b AdJusted for water surface and mean tide from elevation of track, 95 feet above mean low tide at 
Bangor. 

Below the mouth of the Mattawamkeag the tributary drainage area 
comprises 4,810 square miles. Hitherto the river has been pursuing an 
e~sterly or southeasterly course, but it now turns southerly, and in the 
60 miles to tide water at Bangor falls 177 feet. Throughout this section 
it is closely followed by the Maine Central Railroad, and below Bangor 
the river is navigable for the 27 miles to the mouth during about 
eight months of the year, being closed by ice the remaining time.· The 
fall iu the above stretch is unevenly distributed, nearly or quite one
half occurring in the 14 or 15 miles from the head of Cookis Rips, 
above Oldtown, to tide water at Bangor. It is to this latter portion of 
the river that the use of water power has thus far, with one exception, 
been confined, dams having been constructed in the main channel at five 
different localities, developing an aggregate fall of between fj5 and 60 
feet, whilb there are three dams on what is known as the Stillwater 
Branch, at Oldtown and Orono. Above this stretch there is a single 
fall in use, that at Montague, approximately midway between Oldtown 
and Mattawamkeag, amounting· to 20 feet, and surveys have also re
cently been made with a view to the future development of still 
another fall, a mile or two below Mattawamkeag. 

U'l'ILIZATION OF PO\YER. 

Probably first in importance with respect to the amount of power used 
are the pulp mills, of which there are three operated by water power, 
together using at full capacity not far from 6,500 horsepower of tur
bines. There is a single paper mill, that of the Webster Paper Com· 
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pany, at Orono, which manufactures about 25 tons of news paper per 
day. 

For many miles above Oldtown the river contains numerous islands, 
some of large size. The channels thus formed, and the long stretches 
of smooth water which exist, have proved very favorable for the stor
age and handling of logs to be sawed at the various mills below, and 
a·large force of men is kept busy during the season in sorting and driv
ing these logs. The. sawmills, of which there are seven operated by 
water power from the Penobscot. and its Stillwater Branch, doubtless 
rank, with their accomp.anying machinery in the way of planing, 
shingle, lath, clapboard machines, etc., next to the largest users of power, 
in the aggregate, on the river, although it js impossible to state the 
horsepower of water wheels employed by them. According to statis
tics obtained by individual inquiry, they manufacture a total of upward 
of 75,000,000 feet of lumber in a season of good business. The sawing 
season, lJOwever, lasts for but about six months, from May to Novem
ber, the river being frozen over tlte balance of the time, and thus 
precluding the handling of logs in the customary manner. 

At Veazie, 2 or 3 miles above Bangor, js the important electric 
power and lighting station of the Public Works Company, of Bangor, 
operated by about 1,500 horsepower of turbines; 120 horsepower, or 
thereabouts, is used at an electric-lighting station at Oldtown, and 250 
horsepower for the municipal lighting plaut at the Bangor pumping 
station. Moderate powers are also in use for pumping public water 
supplies from the river at Oldtown, Veazie, and Bangor. These works, 
together with those already enumerated, a single woolen mill at Old
town, and a cant-dog shop at Orono, comprise all using water power 
from Penobscot River. 

From the measurements which have been made of the flow of the 
riYer, and which will be given later, it appears probable that 300 net 
horsepower per foot of fall, average for the twenty-four hours, can be 
realized below the Piscataquis throughout most years, under existing 
conditions of the river, with a possible fall to 200 horsepower in a 
very exceptional season. The large drainage area, the comparative 
uniformity of its surface, the, great forest covering, and the extensive 
system of lakes and swamps combine to give the main river a fairly 
well-sustained flow. The extreme freshet height observed on the 
Bangor dam bas been 11~ feet. 

DISCHARGE 1\IEASURE:\IENTS. 

The only measurements of the flow of the Penobscot of which infor
mation could be obtained were made by Prof. George H. Hamlin, of 
Maine State College, in the fall of 1884 and in the fall of 1886. On 
September 20, 22, and 23, 1884, respectively, the main river opposite 
Vinals Landing, Orono, the East Bra.nch of the Stillwater at the foot 
of Orono Island, and the West Brauch of the Stillwater at the foot. of 
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Orono Island, were measured by subsurface floats, and the discharge 
of the entire river thns ascertained to be 3,480 cubic feet per secoud, 
corresponding to 0.48 cubic foot per second for each of the 7,240 square 
miles of tributary drainage area. About 85 per cent of the discharge 
was through the main river. The result thus obtained is considered by 
Professor Hamlin to represent" average extreme low water discharge." 

Again, on September 7, 1886, the Ea~t and West branches of the 
Stillwater were measured at the place noted above, and on October 23, 
at a substantially identic~! stage of water, the main river was measured 
about a quarter of a mile below the works of the Penobscot Chemical 
Fiber Company. The Ellis current meter was used for these measure
ments, aud the discharge of the entire river was fouud to be 2,470 
cubic feet per secbud, equivalent to 0.34 cubic foot per second per 
square mile. This discharge Professor Hamlin regards as correspond
ing to "extreme low water." He states that the river has been lower 
than it was at that time, but only slightly so and at rare intervals. In 
the measurements both of 1884 and of 1886 it is believed that the 
results obtained represented average flow for the twenty-four hours. 

The only extended rainf.all record in the basin appears to be that for 
Orono, 10 or 12 miles above Bangor, showing 46 inches yearly aver::.ge · 
for the period 1871 to 1891 (Weather Bureau, Bulletin C, 1894). 

S'l'ORAGE FACILI'l'IES IN 'l'HE BASIN. 

A very important feature from a hydrographic point of view, and 
one which must be intimately connected with the future utilization of 
the power of the river, lies in the opportunities for storage offered by 
the tributary lakes and ponds. A.t present, in so far as control is exer
cised over these, the main purpo~e is to facilitate log driving in the 
late spring and early summer, ~,nd is thus entirely at variance with 
the requirements which would accompany a complete development of 
the river for power. Wells, in Water-Power of 1\'Taine, p. 106, states 
the number of lakes and ponds In the Penobscot Basin, which have 
been mapped, as 467. Less than half of these, but including the prin
cipal ones, have a combined surface area of approximately 480 square 
miles, distributed as follows: 

0 

Surface area of p1·incipal lakes and ponds in the Penobscot Basin. 

Draining to- ' Square miles. 
Pisca.taq u is 11iver. _________ . ____________ - __ .. __________ . _________ - - - - _ _ 85. 90 

Passadumkeag River_ ___ ------ ____ ---- ____ --· _____ ---·_--------·.------ 31.25 
Mattawamkeag River __________ ·-----·-----·--------------- ____ ·------- 53.35 
East Branch of Penobscot·----·_---·-----·------·--- ____ ·------------· 42.30 
Penobscot River above ont.let of Chesuncook Lake ____________ --·_---__ 80.65 
Penobscot H.iver, thence to outlet of Twin Lakes_. _____ . __________ . -- _ _ 64.25 
Penobscot River, thence to Bangor _______ . __________ . ____________ ---- _ _ 54.50 

Total. ____ . ______ . ____________ .. ____ . ____ . _________ . __________ .. . 412. 20 

The area of these lakes, together with about 40 square miles diverted 
from the Allaguash and about 30 square miles tributary below Bangor, 
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make up the 480 square miles previously mentioned. The lakes range 
in size from about 22 square miles, in the case of Chesuncook, down
ward, nine of them comprising each 10 square miles or more of surface. 
In general, however, the lakes and ponds are of rather small size, and 
the development of large storage is not so simple as in the Kennebec 
or the Androscoggin basin. Yet the opportunities for artificial reser
voirs are said to be unusually good in the upper basin of the Penobscot, 
although involving extensive flowage. Every additional foot of availa
ble storage over the 450 square miles of lake surface above Bangor is 
equivalent to an additional continuous flow of about 800 cubic feet per 
second for six months in the year at that place. 

DIVERSION OF FLOW FROM THE ALLAGUASH. 

So low are the divides between the upper Penobscot and the St. 
John and Kennebec basins that a diversion of water to or from the 
former river is comparatively easy. More than forty years ago an 
artificial connection had been established between the upper waters ot 
the Allaguash, a tributary of the St. John, a_nd the East Branch of the 
Penobscot. This was brought about by means of a dam at the northern 
or outlet end of Chamberlain Lake, a feeder of the .AJlaguash, as shown 
on Pl. XI. The waters of that lake were thus turned back through 
two connecting. lakes, Telosmis and Telos, and from the latter through 
an artificial cut to Webster Lake, in the Penobscot Basin. There was 
also a dam farther down the Allaguash, at the foot of Churchill Lake, 
flooding the latter back into Heron Lake, from which locks permitted 
the floating of logs up into Chamberlain Lake and thence to the Penob
scot; but these works have long since gone to decay. The dam at the 
outlet of Chamberlain Lake and that at Telos Lake, however, are still 
in use. The waters of Chamberlain Lake, at the time of the spring 
drive, are turned through the Telos Cut into the East Branch of tlJe 
Penobscot to facilitate the passage of the drives down tha.t river. At 
the close of the driving season the gates at <Jhamberlain Dam are opened, 
and the water of that lake is allowed passage both ways. All timber, 
therefore, which is delivered below Chamberlain Lake on the A.llaguasb 
waters must go down to St. John; while that delivered at Chamberlain 
Lake, although it can go either way, is driven down ~he Penobscot to 
market. 

SLUICING OF LOGS TO MOOSEHEAD LAKE. 

Again, the main upper branch of the Penobscot flows within 2 or 3 
miles of the head of Moose head Lake, which is the direct and principal 
source of Kennebec River; and so slight are the barriers separating 
river and lake that many years ago a canal, to be called the Seeboomook 
sluiceway, was planned to unite them, in order to provide a more direct 
passage for Jogs teward the coast. This sluiceway was never built; 
but althouglt no water is diverted from the Penobscot into Moosehead 
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Lake, timber is transported across by means of an endless chain and 
a sluice.· A dam was built across the Penobscot, setting the water 
back into Meado~ Pond. (See fig. 8.) Logs coming down the river 
are sorted above the island, and those destined for the Kennebec are 
driven through the cut into Meadow Pond. From this pond they are 
lifted by an endless chain carrier, very much as ice is transported from 
a pond into an icehouse, to the upper end of a V-shaped sluiceway 
which leads down the southern slope to Moosehead. This sluiceway is 
fed with water from Carry Pond, a small body of water higher than the 

NORTHWEST CARRY 

FIG. B.-Arrangement for conveying logs from Penobscot River into Moosehead Lake. 

upper end of the sluice. The Jogs brought up by the endless chain are 
dropped into the upper end of the sluice, down which they pass, one 
after another, to Moosehead Lake, the average run being said to 
amount to about one-third of a million feet per day.1 

CONTROL OF STORAGE .AT TWIN DAM. 

The uppermo~t point at which the Penobscot is at present directly 
touched by a railroad is Twin dam, at the outlet of North Twin Lake. 
Here is coittrofled, for log-driving purposes, the splendid storage 
afforded by North Twin, South Twin, Pamedecook, Ambajejus, and 
other connecting lakes. The dam by which this is effected is a timber 
structure some 400 feet long, with perhaps 100 feet of embankment at 

I For facts regarding the upper waters of the Penobscot, I am indebted to Mr. E. S. Coe, of Bangor. 
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each end (shown in Pl. XII, A). It consists of a series of log- and stone 
cribwork piers alternating with gates and sluiceways, and is a very old 
structure, in a somewhat dilapidated but perhaps sufficiently servicea
ble condition. From tlle top of the cross timbers to the bottom of the 
gates is about 17 feet, which substantially measures the depth of 
storage afforded by the dam. The lake fills up regularly iu t.he spring, 
and by May or June water is overflowing the dam. In the lake the 
logs driven down from tlle upper Penobscot all(l from othei· tributary 
streams are fiually collected anrl towed in rafts to the vicinity of North 
Twin dam. Here a few are sent from day to day tln·ough the smaller 
sluiceways, until finally, when the main drive bas been collected, the 
timbers which have closed the principal sluiceway, some 40 feet wide 
and 17 feet high, are cut away, and in the torrent wllich then pours 
from the lake the remaining logs are rapidly carried out. After the 
passage of the drive the regulating gates are left open, and the natural 
flow of the river continues for the remainder of the season. This dam 
is controlled by the Penobscot Log Driving Company, which also main
tains dams farther up the Penob~cot, at the foot of Ripogenus and 
Obesuncook lakes, as well as at the outlet of Millnokett Lake, which 
drains ·into the Penobscot some 6 miles below North Twin dam. At 
the outlets of most of the other and lesser lakes there are also dams 
maintained for log-driving purposes by individual owners. 

WATER POWERS. 

Below North Twin dam the Penobscot is from 350 to 400 feet wide, 
aud presents very rough water for the next 15 miles, to Medway; 
while at Grand Falls, 5 miles below North Twin dam, there is an 
abrupt pitch of 12 feet over ledges. From Medway to Mattawamkeag 
the water is relatively smooth, although with a swift current. 

A short distance below the mouth of the Mattawamkeag, the Penob
scot, there about 500 feet wide, is crossed by the Canadian Pacific Rail
way; but there is neither bridge nor dam elsewhere upon its course 
below Twin Lakes until the immediate vicinity of the mouth of the 
Piscataquis is reached. In the stretch from the Mattawamkeag to 
the Piscataquis the river has a good current, with rapids at what are 
known as Five Island Rips, opposite the village of Winn, and the upper 
and lower l\Iobawk Rips, opposite South Lincoln. At Winn the rapids 
are heavy; the river bed is composed of ledge, which here and there 
rises' above the water surface; the banks are of good height, and the 
site appears to be an important one for the development of power. 
At the lower Mohawk Rips the river is probably 800 or 1,000 feet wide, 
the bed partly of ledge and strev'i'n with bowlders, the banks gravelly 
and of fair height, but the site appears of much less consequence than 
that at Winn. 

Between the towns of Enfield and Howland, and a quarter of a mile 
or more above the mouth of the Piscat<lquis, is the uppermost devel-
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oped water power on Penobscot River-that of the Piscataquis Falls 
Pulp and Paper Company, whose mill has a capacity· for manufacturing 
40 tors per clay of mechanical wood pulp. This privilege was devel
oped ~ix or eight years ago, and substantially the same company that 
owns it also has a mill at Great Works, below Oldtown. The dam, like 
almost all the dams on the rivers of Maine, is a log cribwork, and is 
packed with stone. Its length is about 1,000 feet, and, as is necessary 
upon a river so largely utilized for log driving, a sluiceway for logs is 
provided in the central part of the structure. The hydraull.c canal 
follows the east bank for 1,000 feet, more or less, to the mill, taking the 
course of an old navigation canal by which steamboats formerly passed 
the falls. At the mill a bead of 20 feet is obtained for the turbines, of 
which 2,500 horsepower are installed; there is no lack of water, except 
occasionally to a slight degree in the latter part of August or early in 
September. . 

Below the Piscataquis no dams are encountered before reaching Old
town, but there are occasional rapids offering possible sites for the 
development of power. Where confined within a single channel the 
river appears generally to be nearly or quite 1,000 feet in width, but it 
is frequently divided into several channels by islands. The Passa
dumkeag Rips are close to the mouth of the river of the same name. 
Here the banks are of good height and there is considerable exposed 
ledge in the east bank and on the river bed, but it is questionable 
whether a dam of suitable height could be built without causing a set
back upon the privileges on the main river and the Piscataquis at 
Howland. A more promising site is that at Birch Island Rips, perhaps 
2 or 3 miles below the mouth of Olamon Stream. These rips are short 
but strong, and the river is divided by a rocky island. 

Above and in the vicinity of Oldtown, as has elsewhere been noticed, 
the Penobscot is divideu by many islands, differing greatly in size; 
the channels between them are variously controlled and utilized in the. 
operations of sorting, storing, and driving logs. Opposite Oldtown 
the waters become confined to substantially two channels, the main 
Penobscot River and the Stillwater Branch, between which the flow in 
low stages appears, from measurements made ten or twelve years ago 
by Prof. George H. Hamlin, to be divided in the ratio of from 5 to 8 
parts in the former to 1 part in the latter, and on which the water
power improvements at Oldtown and Orono are situated. 

On the main river the upper privilege at Oldtown is owned by the 
Bodwell Water Power Uompauy, which leases power to the present 
users. The dam is a log cribwork from the left bank to an exposed 
ledge in the center of the stream, and thence to tbe right bank is built 
of squared timbers, the spaces filled in with stone. The influence of 
this .. dam extends upstream a mile or more, and is there terminated by 
short but heavy rips in the channels into which the river is subdivided. 
o·n the left bank the fall available at the mills is stated as 15 feet, and 
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power is used by the sawmills of B. B. Thatcher & Co., and the Jordan 
Lumber Company, together manufacturing from 20,000,000 to 25,000,000 
feet of lumber during the season, and L>y the Oldtown Electric Light 
Company; using upward of 100 horsepower. On the right bank water 
is admitted through a substantially constructed bulkhead to a canal 
40 or 50 feet wide, inclosed by a heavy wall on the river side and carried 
downstream as far as required for the present works. The head obtained 
on the turbines is 11 feet, and power is utilized by the Oldtown Woolen 
Company, which has an 8-set mill, and by the Public Works Company, 
of Bangor, for operating pumps for the public water supply, the deli very 
being about 600,000 gallons per day. 

The next privilege below, on the main river, is that at Great Works, 
owned by the Penobscot Chemical Fiber Company, which manufactures 
abont 25 tons of wood pulp per day. The fall amounts to 14 feet, and 
the above company operates 1,040 horsepower of turbines on the west 
bank and occasionally a single wheel of 146 horsepower on the east 
bank. Power is also leased to 1\fessrs. Mullen & Engels for a· saw
mill having a capacity for manufacturing 20,000,000 feet of lumber 
during the season. 

On the Stillwater Branch are three dams. The uppermost of these is 
at the village of Stillwater (Ward 5, Oldtown), where a fall of 18 feet is 
obtained. The entire privilege is owned by Mrs. W. B. Hayford, of 
Bangor, from whom power is rented by .Messrs. Pierce & Sutton for 
operating a sawmill containing two gang saws, a single saw, and vari
ous machines for the manufacture of shingles, clapboards, laths, etc., 
the capacity of tbe mill being about 10,000,000 feet of manufactured 

. lumber per season. 
The second and third dams are close together, and but little above 

the confluence of the Stillwater with the main river. They lie in the 
town of Orono, between Orono village on the west bank and w bat is 
locally known as Webster on the east hank. The principal use of 
power is in the pulp mill of the Webster and Ring Pulp Company, 
which combines the fall past both dams into a single fall, amounting 
to 26 or 27 feet, and has 3,000 horsepower of turbines installed. In 
the low stages of late summer flow not more than half this amount of 
power is obtained.· The pulp is manufactured into paper on the oppo
site or VVebster bank by the Webster Paper Company, whose daily 
product is about 25 tons of news paper. This company uses the lower 
fall only, and has 300 horsepower of turbines. Power is further utilized 
at these dams for the sawmills of William Engels & Co., and Adams 
& Co., together manufacturing from 12,000,000 to 20,000,000 feet of 
lumber annually, and at l\1ansfield & Co.'s shop for the manufacture of 
cant-dogs. 

Passing below the junction of the Stillwater Branch with the main 
Penobscot, the first privilege is that at the point locally known as 
Basin ::Mills, in the town of Orono. Here a long log dam across the 
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principal channel diverts water through a small channel formed by an 
island to the sawmills of James Walker & Co., the continuati01i of the 
channel serving as tailrace, and the conditions thus being peculiarly 
favorable for the safe and convenient utilization of the river. The head 
obtained js 10 feet, and there is manufactured about 13,000,000 feet of 
lumber per season. 

The next dam is 3 or 4 miles farther downstream, at Veazie, about 5 
miles above Bangor. Here the power was originally utilized by saw
mills, which have now been discontinued and succeeded by the exten
sive electric pla.nt of the Public Works Company~ of Bangor.· The 
working head obtained on the turbines ranges from 7 to 11 feet, accord
ing to the stage of river in different seasons. Under the larger head 
the wheels at present installed furnish, in the aggregate, 1,650 horse
power, of which 1,500 horsepower is used for generators and 150 horse
power for pumps furnishing the water supply of Veazie and Brewer. 
There is a steam plant of equal capacity with the turbines, for use in 
case of need, and some steam power is found 11ecessary at times in 
summer. The electricity developed at this station is utilized for street 
lighting at Brewer, lying across the Penobscot from Bangor; for pri
vate incandescent and arc lighting in Bangor, and for operating tlte 
city electric-car lines in Bangor, as well as the suburban lines running 
northward to Oldtown and southward to Winterport. In tlle summer 
of 1897 additional turbines were being installed for local electric light
ing in Veazie. 

The final water privilege on the Penobscot is a mile or more above 
the-business portion of Bangor, and is utilized for the municipal water 
supply and electric-lighting plant of that city. There is considerable 
oscillation below the dam, due to the tide, and the head on the turbines 
ranges from 4 to 8 or 9 feet, according to stage of river and of tide. 
There are at present five turbines iu use, rated at 125 horsepower t>ach 
under an 8-foot bead. One of these is used continuously for operati11g 
the mechanical filter plant; four are needed during· the day for the 
general demands of pumping, while at night two are devoted to the 
street lighting of Bangor. Considerable improvements and enlarge
ments of the plant are in progress. 

While the figures at hand for the volume of the lower river are few, 
and those for the fall are neither definite uor probably very accurate, 
the latter seem to give a fall from the head of the Stillwater Branch 
above Oldtown to mean tide at Bangor of from 80 to 85 feet. Combin
ing with this fall the figures elsewhere given for flow, it appears that 
the power of this portion of the river is equiva1ent in. practically its 
lowest stages to from 18,000 to 20,000 net horsepower, with continuous 
use for the twenty-four hours. Although the actual power now em
ployed can not be stated, It is evident that the full power of the river 
is far from being utilized. Of the 80 feet or th-ereabouts of fall above 
mentioued, only about 56 feet is embraced iu the falls at the dams 
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on the main river, the balance being represented mainly at the scat
tered rips between the head and the foot of Stillwater Branch. Wbet.her 
a portion of this balance could ·be utilized to advantage in an independ
ent privilege, or to what extent it could be incorporated in existing 
privileges~ can only be determined by further investigation. 

TRIBUTARIES OF .PENOBSCOT RIVER. 

Ascending the Penobscot, the larger tributaries in point of drainage 
area are, in order: the Passadumkeag, 400 square miles; the Piscata
quis, 1,500 square miles; the Mattawamkeag, 1,530 square miles; and 
the East Branc?- of the Penobscot, 1,170 squ~re miles. 

PASSADUMKEAG RIVER. 

The Passadumkeag, which enters the main river from the east about 
30 miles above Bangor, though small, is fed by a number of lakes 
which o:ffer facilities for storage, and is itself reported to have consider
able concentrated fall. Its present utilization for power is slight. 

PISCATAQUIS RIVER. 

The Piscataq nis discharges from the west 4 miles above the Passa
dumkeag. This stream has the advantages of being followed by a 
railroad through a large part of its course, of receiving the discharge 
from several lakes of important size (the aggregate lake surface for the 
basin being between 80 and 90 square miles), and of possessing con
siderable fall, amounting to about 140 feet in the 20 miles below the 
mouth of the Sebec, at which latter point the drainage area is 750 
square miles. Undoubtedly the largest single power in use on the · 
stream is that c1ose to the mouth, where the works of the Howland 
Falls Pulp Company are situated, with turbines developing 800 horse
power on the fall of 15 feet. Power is in use at Dover, some 32 miles 
above the mouth, at Guilford, 6 or 8 mi1es above Dover, and possibly 
at some other points; at the places mentioned the drainage area is 
considerably less than 400 square miles. The lake storage above them 
is not large, and the powers are not, therefore, of great importance. 
Not rar above this section the valley of the stream becomes narrow, 
and its course lies through a broken, mountainous country, as the 
divide about Moosehead Lake is approached. On the whole, perhaps 
the most important present use of the stream is for Jog driving, but by 
proper control of the tributary lakes its value for water power can be 
greatly enhanced. 

MATTA W A1HCEAG RIVER. 

The 1\'lattawamkeag, which joins the Penobscot from the east 60 
miles above Bangor, is followed through its lower course by the l\iaine 
Central Railroad, and from Bancroft to the mouth-a distance, by rhrer, 
of 23 miles-falls 145 feet, from 322 to about 177 feet above mean tide. 
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The river drains one large lake, Baskahegan, presenting about 18 
square miles of surface, and a number of small ones; but it is utilized 
for power by a few small mills only, and its most important employ
ment at present is for log driving. 

EAST BRANCH, OR MATTAG.A.MON RIVER. 

The East Branch, or Mattagamon River, rises from 20 to 30 miles to the 
north of :Mount Katahdin, and joins the Penobscot 12 miles above the 
Mattawamkeag. In the 30 miles from Mattagamon Lake, which is 
about 850 feet above tide, there is a fall of about 550 feet to the Bangor 
and Aroostook Railroad crossing, some 10 miles from the mouth, where 
the water surface is 300 feet above tide, according to railroad surveys; 
but the stream lies in an unsettled region, is touched by railroad at 
but one point, and is not now utilized for power. 

KENNEBEC RIVER. 

Moose head Lake, the largest in New England, having a water sur
face of 120 square miles and lying somewhat west of the center of the 
State of Maine, is the immediate source of the Kennebec Hiver. This 
lake is in turn fed by Moose River, the remote sources of which are 
011 the western border of the State, and by sundry minor streams. 
The northern extremity of the lake is within 2 or 3 miles of the main 
branch of Penobscot River, as has already been noticed in describing 
the latter stream. Including the surface of. the lake itself, the area 
tributary at its outlet is about 1,250 square miles. From Moosehead 
Lake, which is approximately 1,050 feet above sea level, the Kennebee 
pursues a southerly course to the ocean, passing over a distance of 
about 140 miles and .finaliy discharging into Merrymeeting Bay, 35. 
miles northeast of Portland. The river is navigable during two-thirds 
of the year from the mouth to Augusta, 26 miles; it is also closely 
followed by railroad throughout its course until within 45 miles of 
Moosehead Lake, and close to the lake is also crossed by the east and 
west line of the Canadian Pacific Railway. 

The drainage basin measures 150 miles in length north and south, 
and is from 50 to 80 miles wide in the main portion, embracing a total 
area of about 6,330 square miles. The upper basin is still heavily 
timbered, and though less elevated than that of the Androscoggin to 
the west, is mountainous in character, and includes various isolated 
peaks, which are among the highest in the State. The head waters of 
the tributaries in the northwest, such as Sandy, Dead, and Moose rivers, 
lie at elevations of from 1,800 to 3,000 feet above tide. Granite is 
easily obtained throughout the basin, with clay slate as the prevailing 
rock in the north. In the mountainous portions the soil is sandy and 
gravelly, succeeded by a greater proportion of loam and clay to the 
southward. 

19 GEOL, P1' 4--5 
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Drainage areas, Kennebec River and principal tributarie8. 

C River. Locality. Drainage area. 
-1----1-1 

Sq. mile8. 
Kennebec . . . . . . . . . . • . Outlet of Moosehead Lake...... . . . . . . . . . • • • • . 1, 250 

Do ............ -.. Immediately below mouth of Dead River..... 2, 570 
Do . . . . . • . . . . . . • . . Carritnnk Falls . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . 2, 900 
Do . . . . . . . . . . . . . . . Madison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 330 
Do ............ --. Norridgewock................................ 4, 030 
Do . . . . . . . . . . . . . . . Somerset Mills ............•.......... _... . . . . 4, 380 
Do . . . . . . . . . . . . . • . Waterville, above mouth of Sebasticook River. 4, 410 
Do............... Waterville, below mouth of Sebasticook River. 5, 470 
Do . . . . . . . . . . . . . . . Augusta. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 770 
Do . . . . . . . . . . . . • . . Mouth of river, h~ad of Merrymeeting Bay.... 6, 330 

Moose . . . . . . . . . . . . . . . . Outlet in to M ooseh ead Lake. . . . . . . . • . . . . . . . . . 660 
Dead.... . . . . . . . . . . . . . Mouth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • • . . . . . 1, 000 
Sandy... . . . . . . . . . . . . . Farmington . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 340 

Do...... . • • • • . . . . Mouth ............•••...................•• _.. 650 

L-s-·e_b_a_s_t._ic_o_o_k_._-_-_--_-_-_-_·-~·-_-___ d_o_._--_-_-_-_--_-_-_·_·-_-_-_--_-_-_--_-__ -_-_-_--_-_-_--_-_-_-_--_-_-_-_--~1 060~ I Messalonskee ............. do ..........................••.. _ ••........ 
Cob bosseecontee ...••..... do ... _ .........••.......................... 

Fall in Kennebec River. 

I 
Dis- .Aver-

Authority for olovation. I 
tance Height Dis-· a~~:e fall 

Fall be- tance per 
Locality. from above tween be- mile mouth mean points. tween be-of tide. 

river.a points. tween 
points. 

---
Miles. Feet. Feet. Miles. Feet. 

Canadian Pacific Rail- 142 b1,034 I r P. Alex. Peterson, 
way crossing at out-

}7W 
chief engineer, Ca-

let of Moose head 56 12.8 

l nadian Pacific 
Lake. Rwy. 

Somerset Rail way 86 c314 

} 
{John Ayer, presi-

crossing at Carri-
69 11 6.3 dent, S o m e r s e t 

tunk Falls. Rwy. 
Somerset Railway 75 c245 

} crossing at Madison. 98 8 12.2 Do. 
Somerset R a i I w a y 67 c147 

crossing at Nor- } 81 22 3.7 Do. 
ridgewock. 

Maine Central Rail- 45 d66 

} 
{H. C. Robinson, 

road, upper cross- 66 19 3.5 
assistant engineer, 

~at Waterville. Maino Cen~ 
sta .........••.. 26 0 R.R. 

a Measured on Colton s map of Maine, scale about 81 miles to the inch. 
b Canadian Pacific Rwy.levels (high water, 1,038.6; low water,l,033.6). 
c AdJusted for water surface above dam and for meau tide from profile elevation of Somerset Rwy. 
d Adjusted for water surface from elevation of track, 87 feeu above mean tide. 
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TRIBUTARY LAKES. 

Moosehead Lake constitutes a reservoir of magnificent proportions. 
Furthermore, its elevation is such that the fall thence to tide water is 
exceeded, for a like distance from tide, by that of the Androscoggin 
only among the large rivers of the State. Although there appears to 
be no other lake in the Kennebec Basin exceeding 10 .square miles in 
area, there are many of less size, giving an aggregate water surface of 
nearly 360 square miles, according to Wells, 1 distributed as follows: 

Tributary to- Square miles. 

Messalonskee River·----------··----··-----·----- .•.... ---·------ .•.... 27.45 
Sandy River _ . __ . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10. 10 
Carra bassett R1 ver ......................•................•......•. _ . _.. 10. 20 
Dead River ...........................•............•.............. _ . . . . . 24. 75 
Moose River . . . . . . . . . . . . . • • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31. 60 
Sebasticook River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 48. 30 
vVesserunsett River .......................... -- ...... -..... . . . . . . . . . . . . 5. 35 
Kennebec River (Moosehead Lake).------ .. : •............ ------ .•.. ____ 120.00 
Kennebec River (at sundry points above Augusta)...... . . . . . . . . . . . . . • . . 53. 25 
Kennebec River (below Augusta) ... ___ .... __ .~--. __ . __ . __ ..•. __ . ______ . 25. ~l5 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 356. 85 

In spite of the excellent natural facilities for storage offered by tuis 
basin, it is important to notice that these have been but imperfectly 
developed, and that the storage already controlled is not employed in 
the manner most favorable to water-power interests. There is a natu- , 
ral conflict in this matter. For the purposes of log drivin"g it is desirable 
to open the gates at the lakes in the spring and early summer, when 
the normal flow of the stream is already large, so as to flush the logs 
down to the mills; while the economical use of stored water for power 
requires it to be held back in the lakes until midsummer and gradually 
drawn down from that time through the fall and winter. An associa
tion of the manufacturers upon the river has been formed and char
tered under the name of the Kennebec Power Company, with a view 
to the·systematic development and control of the storage of this basin, 
but no important results have yet been attained. 

Moosehead Lake 2 fills during tbe winter and spring, especially with 
the melting of the snow, the last of which is usually wasted and forms 
part of the freshet flow. Between about the 20th of May and the 1st 
of June, whenever the logs arrive in sufficient numbers at the lake dam, 
usually about ten days after the ice ]eaves the lake, the outlet gates 
are opened and from that time water is steadily drawn. During June 
the draft is from 0,000 to 6,000 cubic feet per second, after which it 
decreases, and by the middle of autumn or sometimes earlier the 
available storage is practically exhausted. 

I Water-Power of Maine, p. 94. 
2For information concerning Moosehead Lake I am especially indebted to Mr. Sumner Hollings

worth, of Boston. 
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In fig. 9 is shown graphically the discharge from the lake for a 
period of eleven months, April 1, 1895, to February 28, 1896, corrected 
for estimated leakage. This diagram clearly reveals the excessive 
draft upon the lake from the middle of May to the middle of July 
incident to log driving. The amount drawn iu excess of 2,000 cubic 
feet per second, from May 18 to July 9, 18!)5, if it had been held back 
ati.d suitably delivered after the latter date, would have maintained the 
run-ofl' at 2,000 cubic feet per second until December. The storage in 
the lake is controlled by the Kennebec Log Driviug Company. The 
dams at the two outlets, known, respectively, as the east and the west 
outlet, are of log cribwork filled with stone and buttressed by heavy 
piers of ~imilar construction. The spaces between the piers are con
trolled by 36 gates at the east outlet (Pl. XII, B) and 5 gates at the 
west outlet, while one space in the former, used as a log sluice, is closed 

I 
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FIG. 9.-Flow from east-outlet dam, Moosehead Lake, .A.prill, 1895, to February 28, 1896. 

by logs which are cut away when the work of sluicing begins. Nomi
nally, the lake has been raised 7 ~feet by the dams above the original low
water level, but it can not now be drawn much lower than within a foot 
of that level, and the actual yearly range between high and low water 
is from 5~ to 6 feet. The tributary drainage is not entirely controlled, 
and a large wastage past the dams occurs nearly every year. It is 
probably practicable to increase the available storage by cutting down 
the outlet aud raising the dams, but whether the necessary outlay 
would be warranted can not now be stated. 

THE RIVER BELOW l\IOOSEHEAD LAKE. 

Excepting by a little sawmill at the outlet dam, the Kennebec is not 
utilized for power for 50 miles. For IJearly all of this distance it is with
out raih·oad facilities and run:s through a wilderness. Its fall is rapid, 
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however, amounting to more than 700 feet iu the distance mentioned
that is, from the lake to Carritunk Falls. According to Wells, 500 feet 
more or less of this occurs in the 23 miles from the lake to The Forks, 
where Dead River is received. For a considerable part of that distance 
the river is described as running between steep, rocky walls from 20 to 
50 feet high, and as a torrent in character. At the Canadian Pacific 
Railway crossing, less than a quarter of c1 mile from the outlet dam, the 
Kennebec is about 300 feet wide, with a swift current. In the 4 miles 
from the lake to an enlargement of the river known as Indian Pond, I 
am informed that railway surveys have shown a fall of 93 feet. At 
Indian Poud, which is 4 or 5 miles long, the stream from the west out
let of Moosebead Lake joins the main river. Below the pond the river 
is described as having a continuous heavy fa1l for 7 miles. The drain
age area increases from 1,250 square miles at the outlet of Moosehead 
Lake to 2,570 below the mouth of Dead River and to 2,900 at Carritunk 
Falls. There is evidently a large power in this stretch of river avail
able for future development. 

In the succeeding 11 miles from Carritunk Falls to :Madison, between 
the crossings of the Somerset Railway above the respective dams, the 
fall is about 70 feet, and in the next 8 miles to Norridgewock it is about 
100 feet. Thence to tide water at Augusta the average descent becomes 
much less, the fall amounting to 147 feet in 41 miles, or about 32- feet 
per mile. 

The uppermost utilized power on the Kennebec is that at Carritunk 
Falls, some 60 miles above Augusta. Including this, there are at pres
ent seven developed water powers on the river, utilizing a probable 
aggregate of 24,000 effective horsepower, and covering about 142 feet 
of the 314 feet actual fall of the river. 

The water power at Oarritunk Falls has been developed by the 
Moosehead Pulp and Paper Company, which has about 3,500 horse
power of turbines installed. The conditions there have been con~ 
cisely described in a paper presented by Samuel McElroy before the 
American Society of Mechanical Engineers (see Transactions, Vol. 
XVII). There is a natural cascade at this point, with a pitch of 28 
feet through a narrow gorge, above and below which the river widens 
out. The dam was built in the winter of 1890-91 and makes the 
ava!Jable fall 30 feet. 

Passing downstream the next dam is at Madison, where about 2,500 
horsepower is utilized under a fall of 16 feet by the sulphite fiber mill 
of the Manufacturing Investment Company, the mills of the Indian 
Spring Woolen Company, and the Madison Woolen Company, and the 
pumping station of the Madison Water Company. There is a natural 
fall of about 80 feet in pitches and ra.pids iu the river at this point, so 
that only a small portion of the available power is employed. From 
the figures for flow at Waterville, elsewhere given, it appears fair to 
estimate the power of the river at .Madison in practically the minimum 
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·stage for a series of years, as 75 net horsepower per foot of fall, avail
able continuously throughout the twenty-four hours. 

At Norridgewock, some 3 miles aboYe the Somerset Railway bridge, 
there is a natural fall of 8 feet in the Bombazee Rips, and with a dam 
~fall of 12 feet is considered practicable. The privilege is owned by 
the Bombazee Water Power Company, but has not been improved. 

The next dam is at Skowhegan, where the power is controlled by the 
Skowhegan Water Power Company. The average fall at this point is 
17 feet, and 28 water wheels of an aggregate of 5,100 horsepower are 
in use by the various works. Of this amount 2,900 horsepower is 
employed in pulp manufacture, 750 horsepower exclusively for electric 
lighting and power, and the balance by grist, saw, planing, and woolen 
mills, and sash-and-blind and scythe factories, some of the turbines 
operating factories by day and electric lights by night. 

At Somerset Mills, in the town of :b""'airfield, a fall of 12 feet has been 
used by a sawmill, but, as elsewhere stated, the dam was carried away 
early in 1896 by a freshet and had not been rebuilt when the site was 
visited. 

Kendalls Mills, also in the town of Fairfield, furnishes the next 
instance of utilized power. Here a fall of 22 feet, controlled by the 
Kendalls Mills Power Company, is employed to the extent of about 1,000 
horsepower, nearly one-half of this being used by an electric-light 
plant, in addition to which there is a furniture factory, a pulp mill, a 
sawmill, and a recently constructed woolen mill. 

At Waterville and Winslow is encountered the largest development 
of power upon the Kennebec. The upper privilege, owned by the Hol
lingsworth & Whitney Oompany, paper manufacturers, occupies the site 
of what were formerly known as the College Rapids, and embraces 
a fall of 20 feet, upon which are operated 42 turbine~, of au aggregate 
of 5,260 horsepower. The lower privilege, at Ticonic Falls, is owned 
by the Lockwood Company, at whose cotton mills about 2,400 horse
power is used. A dam 750 feet long raises the river surface 7 feet, and 
a further natural fall of 13 feet over a slate ledge gives a total head of 
about 20 feet. 

At the head of tide water at Augusta the last dam on the river is 
reached, a cribwork structure 17 feet high a11d 950 feet long, ponding 
the water some 17 miles upstream to Waterville. On the west bank 
the Ed wards Manufacturing Company uses about 2,500 horsepower 
in its cotton mills, shown in Pl. XIII, A, while on the east bank 1,500 
horsepower is employed by the Cushnoc Fibre Company and the Ken
nebec Light and Heat Company, the 1atter furnishing the municipal 
lighting for Augusta, and other lighting in that city, Hallowel1, Gardi
ner, and Togus. The fall is affected a foot or so by the tide. 
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RECORD OF DISCHARGE. 

The only long-continued observations upon the volume of the Ken
nebec are those which have been made at Waterville by the Hollings
worth & Whitney Company, and the results of which were kindly 
furnished by Mr. Sumner Hollingsworth, president of the company. 
The manufacturing works are located above the mouth of Sebasticook 
River, the tributary drainage area of the Kennebec being about 4,410 
square miles as measured on Colton's map of Maine. Of tlte figures 
for discharge those prior to June 20, 1893, are from computations by 
weir formula of the quantity flowing over the dam; those subsequent 
to June 20, 18!J3, at which time the mill began running, are from com
putations of the flow through the turbines, based upon assumed ratings, 
to which. has been added any excess passing over the crest of the dam, 

FIG. 10.-Dam at Waterville, Maine, on Kennebec River. 

the length of which is 734 feet. The figures really represent the flow 
at 12 o'clock noon on each day, this hour h:;tving been chosen, after 
some investigation, as a time when the flow is least afi'ected by storage 
at dams upstream and as giving most nearly the average for the day. 

The results of these observations are presented in figs. 11 and 12, 
and the fluctuations in flow are thus graphically shown. A.n inspection 
of these diagrams and of the values upon which they are based will 
reveal very sudden and large variations in volume dqring the spring 
months, consistent with the mountainous character of the upper water
shed. Thus the discharge increased from 30,700 cubic feet per second 
May 17, 1893, to 83,500 cubic feet per second on the following day, and 
dropped to 46,100 on the next day. The illustration, fig. 10, shows the 
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FIG. 11.-Discharge of Kennebec River at Waterville, Maine, 1893 and 1894. 

dam of the Hollingsworth & Whitney Company, over 700 feet long, 
during tltis freshet, with about 9 feet of water passing over its crest. 
The variations of discharge, in cubic feet per second, were in detail as 
follows: 

Rate of discharge of Kennebec River at Watm·ville, Maine, in May, 1893. 

Cubic feet 
per second. 

May 17, 10.00 a.m ..... _ .•....••............••••................••••••..•... 30, 700 
6.30 p. m ____ ........ ____ ............•................••.....•••••. 49, 200 

May 18, 7. 00 a. m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . • . . . . . . • • . • . . . . • • • • . . 83, 500 
8.40 a. m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82, 800 
9.15 a. m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81, 900 

10.40 a. m.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 500 
11.40 a.m .........................................•................ 79, 500 
12.00 m ................................................... ······.--·· 77,600 
1.00 p. Ill.... . . . . . . . . . . . . . . • . . . . . . . • • . . . . . . . . . . . . . . . . . . • . . . . . . . . • . • 76, 000 

May 19, H1 ~::::: ::::::::::::::: :; :::::::::::::::::::::::::::::::: :·: :::: H:: 
12.00 m ................•••....•...........••................••..•.. 46,100 

May 20, 7.00 a.m .........•.........•.....•••••...••...•••.....••••••..••.. 37,100 

Again, in April, 1895, the discharge rose from 24~000 cubic feet per 
second on the 14th to about 86,000 cubic feet per second on the 15th, 
or to more than three and one-half times its previous amount. Through 
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the spring and early summer numerous minor fluctuations of discharge 
are also produced by the artificial drawing down of the lakes for log 
driving. The small lakes are thus frequently drawn in April, "hile 
the gates at l\foosehead are usually opened in the latter part of .1\'Iay, 
as previously noticed. Tile figures for Sunday flow, where given, as in. 
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FIG. 12.-Discharge of Kennebec River at Waterville, Maine, 1895 and 1896. 

September, 1894, for example, show plainly the marked eifect upon the 
dry-weather discharge of the holding back of water at the various dams 
above Waterville. 

SUMMARY OF YIELD. 

In the succeeding tables the. figures for discharge have been aver
aged and analyzed with the view of bringing out the distinguishing 
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features of the.flow by calendar months. The column for "maximum 
day" shows the freshets of the year and the months in which they occur. 
From the column for "minimum week," on the other hand, may be 
learned the value of substantially the low-water discharge of the year, 
as well as that of the various calendar months. The ''minimum week," 
as used here, is the period of seven consecutive days, not necessarily 
beginning with Sunday, giving the minimum average discharge, and is 
taken in preference to the minimum day as being of more practical 
importance than the latter, inasmuch as it avoids the extreme and 
misleading :figures resulting from the holding ba.ck of water on certain 
days at the various dams. Other columns give the average discharge 
for the respective cale11dar months in cubic feet per second, and· the 
equivalent iu inches on drainage area (shown graphically in fig. 13), 
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FIG. 13. -Average monthly discharge of 
Kennebec River at Waterville, Maine, 
1893 to 1896, inclusive. 

and in cubic feet per second per square 
mile of drainage area. Considering the 
methods employed in determiningt.hedis
charge and the uncertainty as to the true 
size of the drainage area, it is necessary 
to admit that some of the results here pre- . 
sented are subject to possible errors of 5 
or even 10 per cent, the greatest accuracy 
probably accompanying the low-stage 
:figures. As to low-water discharge, the 
importafn~ fact will be noticed that for 
the four years 1893 to 1896 the average 
for the minimum week of the entire pe
riod was about 1,100 cubic feet per sec
ond, equivalent to about 0.25 cubic foot 
per second per square mile of tributary 
drainage area. Finally, the percentage 
relation iR computed between yearly run
off and yearly rainfall. In order to avoid 

the errors introduced into such a comparison by varying amounts of 
snow lying upon the surface and of storage held in the lakes on Jan
uary 1, which would otherwise be taken as the beginning of the yearly 
period, October 1 has been chosen as the beginning, since at that time 
there is no snow and the lakes are likely to be uniformly at a low stage. 
Nevertheless, the percentage results obtained must be regarded as 
subject to considerable possible error, because of the uncertainty as to 
the true rainfaH to charge against the basin. The only rainfall station 
within the basin at which regular records were made for the years here 
considered was Fairfield, at the extreme southern limit. The results 
obtained by the volunteer observer at this station are reputed to be 
trustworthy, but can scarcely be truly representative of the 4,000 
square miles in question to the north of it. The figures used, however, 
indicate for the three years from October 1, 1893, to October 1, 1896, an 
average annual run-off' of nearly 60 per cent of the rainfall. 
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.Analysis of discharge of Kennebec River at Wa.terville, by calendar months, 1893 to 1896. 

[Drainage area, 4,410 square miles.] 

Equivalent 

Maximum Average for Average for 
Equivalent in cubic feet 

day, aver- minimum month, 24 
in inches p~r sec~md 

Year and month. · week, 24 on drainaae of contmu-
a::te for the hours per area foro ons flow ~er 
24 hours. hours per day. mo th square nnle day. n · 1 of drainage 

area. 

1893. 
Oubicjeet Oubicjeet Oubicjeet 

per second. per second. per second. 

January (12 to 31) ...... 5,000 2,140 2,650 0.69 0.60 
February . - .. --- ..... -- . --. 3, 000 2,180 2,350 0.55 0.53 
March ................. 11,300 2, 330 4, 180 1.09 0.95 
April ........... ------------ 19,800 3,960 11,660 2.95 2.64 
May ....•...... -------- 83,500 15,760 30,520 7.98 6.92 
June ..... _. __ .. __ ...... 23,500 12,480 15,290 3.87 3.47 
July .. _ .............•.. 11,230 2,450 5,770 1.51 1. 31 
August ................. 2,430 2,200 2,270 0.59 0.51 
September ............. ~,680 1, 750 2,040 0.52 0.46 
October ................ 4,000 1,810 2,330 0.61 0.53 
November .......... ---- 3, 980 1,980 2,230 0.56 0.51 
December .............. 2,780 1,440 1,580 0.41 0.36 

Year . · .. ~ ... _ ..... 83, 50? 1,440 a7, 280 21.33 1. 65 

1894. 
January ... -- ... ----. ---- 1, 910 1,550 1,640 0.43 0.37 
February --·----------· 1,910 1,740 1, 780 0.42 0.40 
March ... __ ............ 6,660 1, 810 4,020 1.05 0.91 
April .................. 35,280 4,650 14,680 3.71 3.33 

May------------------- 15,650 6,740 9, 570 2.50 2. 17 
June_._ .. _ ........... _. 12,930 5,540 7,790 1.97 1.77 
July ..... _ . _ ........... 10,020 3,650 5,720 1.50 1. 30 
August ....... -----·---- 3,300 2,530 2,970 0.78 0.67 
September ... ---------- 12,100 1, 960 2,740 0.69 0.62 
October ............ __ .. 9,040 1,870 3,750 0.98 0.85 
November .............. 10,510 2,260 3,760 0.95 0.85 
December .............. 2,600 },480 1, 930 0.50 0.44 

Year ............. 35,280 1,480 a4, 930 15.48 1.12 

1895. 
Jan nary .... -... --. ---- .. -- .. 2, 510 1,590 2,040 0.53 0.46 
February -----. --- .. ---- 2,440 1,580 1,800 0.43 0.41 
March ................. 2,770 1,810 2,000 0.52 0.45 
April ·----- ·----- ------ 86,200 4,650 23,930 6.05 5.43 
May ................... 16,170 6,800 _9,580 2.50 2.17 

I June ............. · ...... 9,820 5, 350 6,430 1.63 1. 46 
I , 

a Average flow for year. 
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Analysis of discharge of Kennebec Rirer at Waterville, by calendar months, 1893 to 1896-
Continued. 

I 

I I I 

Maxim om I A '~'~go '"' A v&a~o fo' ,.,. uivalont 

Equivalent 
in cubic feet 
per second 

Year a11d month. 
day, aver- mmimum mont ' 24 In m~hes ofcontinu-
age for the week, 24 hours per on dram age ousflowper 
24 hours. hours per day. area for square mile day. month. of drainage 

area. 

I 

1895. Oubi'f"t I Oubi,jut Ouhi<f"t 

P" ':'"""· P" "'~d., P" '''":·· 
July ................... o,040 I 2,630 3,5~0 0.92 0.80 
August ....... ·----- .... 5,090 1 2,070 2,690 0.70 0.61 
September ..... ________ 2 8'70 I 1, 160 1,780 0.45 0.40 

, I 
October .. ___ . __ .... __ .. 1, 590 1 1,120 1,250 0.33 0.28 

I 

November .. __ .. ______ .. 15,900 ; 1, 650 I 5,610 1. 42 1. 27 
, I 

2,230 6,030 1. 58 December··--··--.·- .... 
1 

26,670 I 1. 37 I 
Year ... ___ .. ____ . 86,200 1,120 a5, 610 17.06 1. 27 

1896. -
January ·----· ······---~ 21,880 2,390 4,3-10 1.13 0.98 
Febrna1T ~ ...... - - .. - -... - -- ... - 4,630 2,360 2,830 0.69 0.64 
March . ---------------- 111,250 5,640 13,140 3.44 2.98 
April ...... -- -- .. - .. ----- ...... - 74,470 5,510 27,400 6.93 6.21 
May ... ----. - -.......... -- .. --- 30,880 6,240 17,060 4.46 3.87 

June·----· ....... -----· 11,000 4-,680 5,520 1.40 1. 25 
July ....... ____ ........ 11,680 3,870 5,330 1. 39 1.21 
Augnst ................. 4,740 2,480 3, 150 0,82 1 0.71 
September ............. 7,980 2,780 3,410 0.86: 0.77 
October .. ___ ........... 8,960 2,300 3,660 o.96 I 0.83 

I 
November .......... ____ 29,860 5,420 9,120 2.31 

I 
2.07 

I December .......... __ .. 8, 050 i 1,800 2,750 0. 72: 

~ I 
Year .. _____ . ____ . 111.250 I 1,800 a8, 160 25.11! 4 

a.A.Yerage dow for year. 
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Discha,.ge of Kennebec River at Waten;ille, avetaged by calendar 'months for entire period, 
1893 to 1896. 

I 
Equivalent in ~fMI.I Equivalent in cubic feet per 

Average for inches on second of con-
Month. month, 24 drainage area tinuous flow 

hours per <lay. for month. per square 
mile of drain-

age area. 

Cubic feet per 
second. Inches. 

January (a) .•••.•....••.. 2,670 0.69 0.60 1. 65 

February ----- ..... -- ... - -- ... - 2, 190 0.52 0.49 1. 77 

March ---·------·-- ............... 5,830 1. 52 1. 32 2.64 

April. .................... 19,420 4.91 4.40 1. 91 

May ----------------· ·--- 16,680 4.36 3.78 3.14 

June ..................... 8,760 2.22 1.99 1. 96 
July ............. __ . _____ 5,080 1. 33 1.15 2. 78 
August .. ___ . _ ... _ .... _ ... 2,770 0.72 0.62 3.20 

September ...... ___ ..... _ 2,490 0.63 0.56 3.04 

October ...•.............. 2,750 0.72 0.62 2.72 

November ................ 5, 180 1. 31 1.17 2.67 

I December ................ 3,070 0.80 0.70 

§j Year .•.•........... b6, 400 19.73 1. 45 6 
I 

a First 11 <lays in 1893 lacking. b Average flow throughout year. 

Sttmmary of yield of Kennebec Ba.sin at Waterville, 1893 to 1896. 

Ratio of 
Period. Run-off. Rainfall.(a) run-off to 

rainfall. 

I 
Inches. Inches. Per cent. 

I October 1, 1893, to October 1, 1894 ..••....... 14.6 29.8 49 

October 1, 1894:, to October 1, 1895 ........... 16.2 25.7 63 

October 1, 1895, to October 1, 1896 .......•... 24.5 37.4 65 

a From records for Fairfield only, situated near extreme southern limit of drainage area here 
considered. 
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Monthly dischm·ge of Kennebec Rive1· at Waterville, Maine, for th.e year 1897. (a) 
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May . 

June . 

July . 

Au gus 

Septem 

Octob 

Novem 

-------·-·---
---- .. --- .. - -... -.. 

.. - ... - .. -- ... - .. -.. --

.. ... -- ......... -- ..... -.. 

. .. -.. -- ..... - ............ 

t. --.- ---- ----
ber .......... 

er . . . . . . . ..... 

ber .......... 

ber .......... 

The year ..... c 

[Drainage area, 4,HO square miles.] 

Discharge in second-feet. 

Total in acre-
Maxi- Mini· feet. 

mum day. mum day. Mean. 

18,504: 1,650 3,587 220,556 
6,225 2,302 3,705 205,766 
6,34:5 2,007 3,970 233,038 

66,907 6,334: 25,385 1, 510,513 
41,284: 10,818 26,942 1, 656,599 
18,204 7, 399 12,970 771,769 
55,634 5, 218 13,115 806,410 I 
13,656 4, 000 7,298 44:8,737 
9,689 2, 801 4:,595 273,422 
6,323 967 2,635 162,020 

13,399 1, 889 5,702 339,293 
14,005 2, 54:1 5,331 327,790 
------
66,907 967 9, 588 6,955,913 

Rung 
Second-

Depth in feet per 
incheR. square 

mile. 

0.94: 0.82 
0.88 0.84: 
0.99 0.86 
6.41 5.75 
7.05 6.11 
3.28 2.95 
3.4:4 2.98 
1.90 1.65 
1.20 1. 08 
0.69 0.60 
1. 44: 1.29 

1.39 jjtJ 
29.61 ,- 2.18 

a Results received since the writing of the above report. 

TRIBUTARIES OF KENNEBEC RIVER. 

MOOSE RIVER. 

Moose River, drainage area 660 square miles, the principal feeder of 
Moosehead Lake, and Dead River, drainage area 1,000 square miles, 
joining the Kennebec from the west 23 miles below Moosehead Lake, 
presumably possess considerable power; but they are too remote from 
markets to have much present importance. The former is followed by 
the Canadian Pacific Railway for most of its course, but the basin of 
Dead River is not directly reached by rail. 

SANDY RIVER. 

Sandy River, which flows into the Kennebec from the west between 
45 and 50 miles above Augusta, heads near Rangeley Lake. It drains 
650 square miles and bas a rapid fall, amounting to more than 1,600 
feet. It is closely followed by rail throughout its upper course, and, 
although small powers are in use at Farmington Falls and New Sharon, 
the flow of the stream is small in dry wea.ther and very variable, and 
th'e river can not be regarded as of especial importance at present. 
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SEBASTICOOK RIVER. 

Sebasticook River, with a drainage area of 1,060 square-miles, enters 
the Kennebec from the east opposite Waterville. In the 45 miles from 
Moose Pond to the mouth there is a fall of 170 feet. The stream is 
followed closely by rail and possesses a number of good water powers, 
perhaps the most important being that of the Kennebec Fiber Com
pany, some 5 miles ·from the mouth, which utilizes 1,400 horsepower 
under an average head of 26 feet. 

MESSALONSKEE RIVER. 

Messalonskee River is a small stream draining 205 square miles and 
discharging into the Kennebec from the west at Waterville. It is fed 
from extensive lakes with an aggregate surface of between 25 and 30 
square miles, which render its flow very constant and give it consider
able value for power. The'fall is stated to be 164 feet in the 5 or 6 
miles from the lowest lake to the mouth. Near the mouth power is 
utilized to the extent of about 250 horsepower for the Waterville pump
ing st~tion and several molding and planing mills. Farther upstream, 
in Oakland, are several excellent powers, one of them shown in Pl. 
XIII, B, with falJs of 14, 40, 15, and 12 feet, successively, which are 
partially utilized .. 

COBBOSSEECON1'EE RIVER. 

Cobbosseecontee River drains a gron-.;> of lakes lying from 5 to 15 
miles westerly from Augusta, and empties into the Kennebec 8 miles 
below that city at Gardiner, its drainage area amounting to about 230 
square miles. From the ordinary surface of Lake Maranacook, which 
is one of the upper lakes, to mean tide at the mouth of the river the 
fa11 is 206 feet, according to a profile elevation of the Maine Central Rail
road, and in the lower three-quarters of a mile the fall is stated on good 
authority to be 136 feet. From above the uppermost of the eight dams 
which are found in this latter distance the municipal supply for Gardi
ner is drawn, and pumped by water power. Account is kept both of 
the quantities thus required and also of such additional water as passes 
the dam through a wastegate, for the delivery of which tables have 
been prepared. The sum of these quantities represents the yield of the 
drainage area at the upper dam, a record of which yield has been kept 
for a series of years by Messrs. S. D. Warren & Co., and has been 
furnished by their engineer, Mr. A. H. Twombly. These figures are 
presented in the accompanying tables. 

In the first table are given the figures for flow by calendar months 
for the whole period, June, 1890, to December, 1896, first the average 
cubic feet per second for the working days of each month, and then the 
equivalent flow in inches on drainage area and in cubic feet per second 
per square mile. From existing maps the tributary drainage area can 
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not be determined with great accuracy, and the results here giveu must 
be considered as subject to possible errors from all causes of at least 
5 or 10 per cent. The gates are closed on Sundays and legal ho1i<lays, 

and no water is then allowed to run down 
the stream unless the lakes are fulL 

In the second table the monthly dis
charge is averaged for the six years, 1891 
to 1896, the results being also graphically 
portrayed in fig. 14. It is apparent from 
this diagram tlmt for nine months iu the 
year the flow in the outlet is very uni
form, the value for power purposes of a 
stream fed .by artificially controlled res
erYoirs being· well illustrated, while uever

Fm. 14.-Average monthly discharge tbeless for the three Spring months there 
of Cobbosseecontee River, 1891 to is considerable wastage. 
1896, inclusive. 

In the third aud last table a summary 
of the discharge is gh?en by years, for the purpose of determining the 
relation of run-off to rainfall. After 1892 tile rainfall records used are 
those of the station at Gardiner, at the mouth of the.Cobbosseecontee, 
while from 1890 to 1892, records for that station 
being wanting, those for Lewiston, 25 miles to the 
westward, have been employed. For the same 
reasons as in the case of the Kennebec, October 1 Ramrall 

so....-------. 

has been chosen for the beginning of the yearly 
40 

periods in this computation. For the wllole period 
from October 1, 1890, to October 1, 189G, from an 
average anuual rainfall of about 42 inches, the 
average annual run-oft' from the drainage area ap
pears to have been somewhat over 18~ inches, or 
about 45 per cent. In some years the departure 

.. 
~ 
.s20..-T.:~~~-

from this mean is abnormally large and the accur- Discharee ~~~.......,. 

acy of the corresponding percentages seems doubt-
ao ----~~---.. ful. For example, the figures indicate a run-off ~ ~ ; ~ ~ ~ 

equal to 57 per cent of the rainfall for the year FIG.15.-Averageannual 

October 1, 1890, to October 1, 1891, and only 27 rainfallandrlischargeof 

t £ th £ 11 · t 1 th · d Cobbosseecontee River, per cen or e o owmg we ve-rnon peno · 1891 to 1896, inclusive. 

Whether these deviations are due to varying 
depths of storage in the lakes or to other causes can not be stated. 
The result for the entire period covered by the records of flow, although 
somewhat low, appears not unreasonable. 
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Discharge of Cobbosse!'contee Rirer at dam of G,ardiner TVater Company, 1890 to 1896. 

[Drainage area, 230 square miles.] 

~- Equivalent in 

l<ainfallfo• I 
Average dis- Equivalent cuuic feet per 
charge during in inches second of con-

I 
Year and month. working da,rs on drainage tinuous flow 

of month, 2-! area for per square month. 
hours per day. month. mile of drain-

\ 

age area. 

1890. 
Cubic feet per 

second. Inches. 

.June_ ........................ "325 1. 58 1. 42 3.71 

.J ul.r .... _ .... __ ..... ___ .. _. _ .. 300 1. 26 1. 09 4.83 
August .... _ ...... -- ..... ----. 290 1. 22 1. 06 3. 47. 
September ........................... - ............ 290 ]. 22 1. 09 5.13 
October .. _ ..... ____ . _. ______ . 310 1. 56 1. 35 5.47 
N overn ber ...... __ .. __ ... _ . __ . 355 1. 73 1. 73 1. 89 
December _. _ .. ___ .. __ ... ____ . 298 1. 26 1. 09 5.55 

1891. I 
January ___ .. ___ .. __ .. _. _. __ .. 515 2.59 2.25 8. 10 
February .................. - ....... - .......... --- ... 570 2.59 2.49 3.89 
March ........ -- ........... - ..................... - ........ 1, 380 6.93 6.01 7.03 

April ...... ------.-----------· 1,270 11.17 5.53 2.89 
May .......................... 300 1. 26 1. 09 2.60 
.J nne .... _ .... __ .... _ .. _ . _ .... 300 1. 26 1.13 3.64 
July ........................... -.......... -- ........... -- ... 290 1. 22 1. 06 5.27 
August .... ____ .-----·-------· 285 1. 20 1.04 2.97 
September ............................................. 270 1.14 1. 02 1. 00 
October. ___ .. __ ... _. _. _ . _. _ .. 250 1. 09 0.95 2.40 

November ...... --------·----· (a) .................. ---- .. -.......... - ... -...... 2.66 

December .... ·----· .... -----· I (a) ......................... ·----· ...... I 5.27 
I 

Year .......... ; ........ j 540±1 27.10± I 2.00±1 47.72 

1892 . I 
! .Jan nary .. _ ..... ___ ......... _. ~ 260 1. 10 0.95 5.52 

February ........................ -------- 280 1. 13 1. 05 2.21 
March ...................................................... 280 1.22 1. 06 2.43 
April ........................... -------· .............. 2~0 1.19 1. 07 1. 05 
May .......................... 280 1.18 1. 02 4.62 
J nne .................. _ ._ ..... 280 1.18 1. 06 7.22 
July ........... __ ... _ ...... _ . 280 

' 
1. 18 1. 02 3.18 

August ... _ ..... _ ..... ___ ..... · 280 1. 22 1. 06 8.11 
September -·-··-- ------ ..... --· I 280 1.18 1. 06 4.48 
October .. _ .. _ .. _ ....... _ . _ .. _I 280 1. 18 1. 0~ 1. 81 
November ..... _ ....... _ ...... I 280 1.13 1. 01 4.54 
Decem her ... _ .. __ .......... _ -I 280 1.18 1. 02 1. 49 

y I 

ear ......... ----_-· ... ·i 280 ! . 14.07 1. 04 46.66 

a Disharge smaller than that covererl by rating of gates, and not measured; probably 200+ cubic 
feet per second. 

. 19 GEOL; PT 4--6 
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Discharge of Cobbosseecoutee Birm· at dan~ of Ga1'dinm· Water Company, 1890 to 1896-
Continued. 

--------------------------

Year and month. 

E{hivalent in I Average dis- Equivalent cu ic feet per 
charge during in inches second of con- Rainfall for I working tlays on drainage tiuuous flow month. I 
of mont.h, 2! area for per square 

hour;; per day. month. mile of drain-
age urea. 

I 

1893. 
Cubic j eet per 

Inches. b·econd. 

January ...... ·----------- ... . 280 1. 18 1. 02 2.70 

February------ ........ ------ 280 1. 09 1. 05 4.79 
J\1arch ....... _. _ ... ____ .. __ .. 415 2.08 1. 80 3. 18 
April .. : _ .... __ . _ .. _____ . ___ _ 650 3.16 2.83 2.52 
J\1ay ...... ------ ·----- ____ ... . 1,020 5. 12 4.44 4.66 
.June ________ ------ .......... . 

July.-----· .... ~--- ____ ·-----

280 

I 
1. 18 1. 06 2.:56 

280 1.13 0.98 1.12 
August ..... ---··------ ____ ... 270 1. 18 1.02 3.27 

September ....... ------------ 250 1. 05 0.94 3.23 
October .. _ ........ __ . __ . __ ~ __ r 220 0.93 0.81 5.90 
November ............... ____ . 

December-----------· .... ___ _ 

Year ..•..... _ _ _ _ _ . ____ _ 

220 0.89 0.80 

I 
1. 83 I 220 0.89 0.77 5. 13 

400 19.88 1. 46 40.89 i 
---

1894. 
.January 220 0.96 0.83 3.30 
February·----· ____ ------ ___ _ 220 0.86 0.83 1. 99 
J\Iarch ........ ____ . _ . ___ .... . 360 1. 81 1. 57 1. 44 
April ..... _ ... ____ ... ___ . __ .. 

J\iay ........... ·----· ....... . 

310 1. 51 1. 35 1. 86 
I 285 1. 25 1. 08 5.84 
r 

June ......... ·----- ...... ·--·· 300 1. 26 1.13 1.18 
July .... __ .·----··----- ..... . 280 1. 13 0.98 2.30 
August ..................... . 
September ..... ________ ·-----
October ....... ___ . __ .. _ .. ____ _ 

November ........... _. ___ ... . 
December ......... _ ..... ____ . 

~ ! Year ................ _ _ _ 280 14 . 20 1. 05 3-L 06 

280 1. 22 1. 06 3.08 
I I 

I 
270 1. 09 0.98 3.81 
250 1. 09 0.95 4.25 

j 250 1. 01 0.90 2.21 . i 

i 250 1. 01 I 0.88 2.80 
I ! ----

'=====I =c-=== ===--==-c-= 
1895. 

January ........... - ............ --- .. ---- .. 250 1. 09 0.95 2.50 

February i 220 0.86 0.83 1. 64 ....................... .. ... ... .. ~ .. - .. -.. 

March .. --- ... - ...... - ...... -- ..... -- ... -...... -.. 220 0.93 0.81 2.48 
! 

April ....... - ............. - ... - .... ---- .. - --- ... 780 3.79 3.40 4.83 
May > 280 1.22 1.06 1. 50 ...... --- . .............................. ......... 

June.---------· ............ ......... ·--- 280 1.13 1.01 2.01 

------------- ------ --- - -~---- -------- . -------' 
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Discharge of Cobbosseecontee River at dant of Ga1·di1ter Wate1· Company, 1890 to 1896-
ContinneU.. 

Year and montl1. 

1895. 

July ..................... : . . . 

August ---------- ........... . 
September .................. . 

October ..................... . 

November. .................. . 

December ...•••............... 

Average <lis- Equivalent 
charge during in inches 
working clays on drainage 
of month, 24 area for 

hours per day. month: 

Cubic feet per 
second. 

Equivalent in :J 
cubic feet J)er 
second of con- . 
tinuous flow Ramfall for 
per square month. I 

mile of drain- • 
age area. 

280 

270 

230 

1.18 1.02 

Inches. 

4.55 
3.28" 

1. 21 

1. 82 

6.85 

4.40 

1.18 1.02 

0."93 0.83 

(a) 

37.07 

(a ~20 1· ... ~~ ~~. "I" . . . . ~~ ~; .. 
Year ....... -----·...... 300±! 14: 90±1 1.10± 

1========-1~=====-11= ========,!=======! 
1896. 

Jan nary . . . . . . . . . . . . . . . . . . . . . 270 1. 14 0. 99 0. 87 

Fcbruar~T .... .... .. .... ...... 270 1.09 1.01 5.25 

March....................... b1,200 6.03 5.23. 7.19 

April . . . . . . . . . . . . . . . . . . . . . . . . 750 3. 64 3. 26 2. 02 

May . . . . . . . . . . . . . . . . . . . . . . . . . 280 1. 18 1. 02 2. 80 

.June......................... 280 1.18 1.06 1.94 

.July . . . . . . . . . . . . . . . . . . . . . . . . . 280 1. 18 1. 02 3. 18 

August................... . . . . 270 1.14 0. 99 2. 88 

September....... ........... 250 1.05 0.9..1: 7.60 

October . . . . . . . . . . . . . . . . . . . . . 230 1. 01 0. 88 2. 64 

November.................... 230 0.89 0.80 4.12 

L-D_e_e_e-tu_b_e_r_._-_·_·_·_··_-_·_·_·_·_--_-_-_-_-_-~--------2~-~o_'~---1-.0-3--~----0-._9_1 __ ~ 1 5

9 

I Year . . . . . . . . . . . . . . . . . . . 410 20_. 58 1. 52 

a Discl1m·g13 smaller than that covered by nting of gates, and not measured: probably 200 + cubic 
feet per second. Average 220 for four days of October, and same for latter lmlf of Nove:nber. 

b Ranged during month between 685 and 2, 700. 
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Discharge of Cobbosseecontee River, averaged by calenda1· months for entire period, 1891 
to 1896. 

Month. 

EQuivalent in 
A. verage dis- Equivalent cuoic feet per 

charge auring in inches second of con
working days on drainage tinuous flow 
of month, 2!! area for per square 

hours per day. month. mile of <lrain-
age area. ! 

Cubic feet per 
seco·11d. Inches. 

January...................... 300 1.34 1.16 3.83 

February.. . . . . . . . . . . . . . . . . . . . 310 1. 27 1. 21 3. 29 

March...... . . • . . . . . . . . . . . . . . . 640 3. 17 2. 75 3. 96 

ApriL...... . . . . . . . . . . . . . . . . . . 670 3. 24 2. 91 2. 53 

May ... _.. . . . . . . . . . . . . . . . . . . . 410 1. 87 1. 62 3. 67 

.J nne . . . . . . . . . . . . . . . . . . . . . . . . . 290 1. 20 1. 07 3. 09 

.July _ . . . . . . . . . . . . . . . . . . . . . . . . 280 1. 17 1. 01 3. 27 

August. . . . . . . . . . . . . . . . . . . . . . . 280 1. 19 1. 03 3. 93 

September . . . . . . . . . . . . . . . . . . . 260 1, 07 0. 96 3. 5i'> 

October . . . . . . . . . . . . . . . . . . . . . . a 240 1. 03 0. 89 3. 14 

November .................... a230 0.92 0.82 3.70 

December ... _.. . . . . . . . . . . .. . . a 240 0. 98 0. 85 3. 43 I 
Year ............. _ . . . . b 350 18. 45 1. 36 41. 39 

---------------------------~--------~------~--------~------' 
a Based partly on estimate. 
b .Axerage discharge during working days throughout year, 24 hours per day. 

Summary of yield of Cobbosseecontee Ril·er, 1890 to 1896. 

I I RaHo of Period. Run-off. Rainfall. run-off to 
rainfall. 

Inches. Inches. Per cent. 

October 1, 1890, to October 1, 1891 ........... 28.9 50.3 57 

October 1, 1891, to October 1, 1892 ........... a13. 3 49.2 27 

October 1, 1892, to October 1, 1893 ........... 20.7 35.9 58 

Octo her 1, 1893, to October 1, 1894 ........... 
1 

13.8 37.7 37 

October 1, 1894, to October 1, 1895 ........... I 15.4 33.3 46 

October 1, 1895, to October 1, 1896 .•......•.. \ a20.2 46.8 43 

Average per year, October 1, 1890, to ! 
October1, 1896 ...................... 18.7 42.2 45 

a Based partly on estimate. 

ANDROSCOGGIN RIVER. 

Androscoggin River proper begins at the outlet of Lake Umbagog, 
in northeastern New Hampshire, close to the dividing line between that 
State and Maine, and 40 to 50 miles northeast of Mount Washington. 
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(Pl. XIV). There the outlet of the lake is joined by the Magalloway, the 
extreme sources of which are adjacent to the head waters of the Con
necticut. From the head of the Magalloway to a point 35 miles below 
Umbagog outlet the course of :flow is nearly due south and directly 
toward the White l\fountains. Then the stream b.ends sharply and 
runs somewhat north of east for a distance of about 60 miles, which 
carries it well into the State of Maine; there is then another abrupt 
turn, to the south and southeast, and after a farther run of some 60 
miles the river reaches the coast 30 miles northeast of Portland. The 
drainage basin of the Androscoggin measures 3, 700 square miles at 
the falls a.t Brunswick, which are near the mouth, 80 per cent of the 
above area lying within the State of Maine." Its greatest length is 
about 110 miles, and its greatest width 70 miles, while the river itself 
measures about 200 miles in length from the remote sources of the 
Magalloway to the coast. 

The following drainage areas of the main river at various points and 
of sevE>.ral of its largest tributaries are substantially as given by Pro
fessor Swain in Volume XVI, Tenth Census of the United States, 
1)~ 101; but, owing to the imperfections of existing maps of this terri
tory, the areas are to be regarded as subject to possible-errors of several 
per cent. 

D1·ainage areas, Androscoggin River aud principal tribntaries. 

C RiYer. Locality. Drainage 
area. 

-1----1-1 

Androscoggin ........ ' Immediately below junction of Umbagog 

' outlet and Magalloway River. 

Do ............... Berlin Fails ................ 7 ••••••••••••• 

Do ............... Rumford Falls ............ _. ___ ........... I 

Do. .. . . . . . . .. .. .. Livermore Palls .... ~ ................. __ ._I 
Do ............... Lewiston .................... ____ ........ t 

Do ............... Bruns·wick .............................. . 

Little Androscoggin .. i l\Ionth .................................. . 

Magalloway.... .. . . . . Mouth ................................. . 

Umbagog outlet ...... [ Immediately above junction with Magal-

loway River. 

Sq. miles. 

1, 180 

1,480 
2,220 
2, 690 

3, 120 
3,700 

380 
420 
760 

vVells states the genera] elevation of the basin to be greater than 
that of any other important hydrographic area in the State of Maine, 
and it is perhaps greater than that of any other on the Atlantic·coast. 
The sources of the Magalloway are from 2,600 to 2,900 feet above the 
sea, am! the lakes of the Umbagog-Rangeley chain, the great reser
voirs of the Androscoggin, are at elevations of from 1,200 to 1,500 
feet. The lower part of the basin is hilly and moderately wooded, 
while the upper two-thirds is very broken and mountainous, heavily 
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timbered, and with a gravelly and sandy soil. Granite, gneiss, and 
mica-schist abound along the main course of the river, with clay slate 
in the upper waters. Below Berlin Falls the stream is nowhere more 
than 10 miles from a railroad, and for considerable portions of its 
course is immediately skirted by railroads. Tide water and naviga
tion extend some 6 miles above the mouth to the falls at Brunswick. 

The entire fall of the river, from the level of Umbagog Lake to tide 
water at Brunswick, amounts to about ·1,250 feet, and in the various 
stretches for which figures in detail are at command ranges generally 
between 4.5 and 7.5 feet per mile. At three important points, however, 
there are large concentrated falls, namely, at Lewiston, where a natural 
fall of 38 feet in 600 fe@t is increased to 50 feet by the dam; at Rumford 
Falls, where there is a natural descent of 177 feet in about a mile; and 
at Berlin Falls, where the fall is said tc amount- to 11early 200 feet in a 
mile. 

~ LooaUty. 

Foot of Urn b agog 

Lake. 

Head of Berlin Falls .. 

Gorham, New Hamp

shire. 

State line .........•.. 

Bethel ... _ .......... . 

Head of Rumford Falls 

Foot of Rnmford Falls 

Lewiston, head of 

~~·,~·ick ------- ____ 
1 

Fall in And1·oscoggin Ri1:er. 

Dis· 
tance 
from 
tide 

water 
at 

Bruns
wick. 

I I 

I 
j Aver-1 

. j Dis- age fall 
~~~;_het Fall be- tance p~r 

tween I be· nule 
~d~~ points. tween be-

points. tween 
1 points. 
I ----,--

Authudty foe •l•va<;uu. I 

Miles. Feet. Feet. Miles. Feel. 

158 

127 

121 

110 

98 

76 

75 

22 

0 

1,256 

~208 
1, 048 J 

}281 
a767 

1

) 

I > 77 

690 J 
} 70 

::~ } 23 
} 177 

420 I} 
256 

bl64 

}164 
Oi 

31 

6 

11 

12 

22 

53 i 

22 

}
Wells: w·ater-P.ower 

6.7 
of Maine, p. 79. 

47.0 

Joseph Hobson, chief 

7. 0 engineer, Grand 

Trunk Rwy. 

} 'V ells : ''rater Power 
5.8 

of l\faine, p. 79. 

1.0 

} 
C. A. Mixer, engineer, 

i Rumford Falls 

4. 8 I Power Co. 

7.5 

H. C. Robinson, nR-

s i stan t engineer, I 
Maine Central R. R. 

a Water surface at summer stage at Grand Trunk Railway crossing. 
b Corrected for water surface from elevation of track at Maine Central Railroad bridge. 

STORAGE IN UMBAGOG·RANGELEY LAKES. 

The magnificent fall which the Androscoggin presents for water
power development is greatly enhanced in value by the facilities which 
also exist for water storage, especially those furnished by the U mbagog-
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Hangeley chain of lakes, at the bead of the river. Heie are four dis
tiuct bodies of water, discharging one iuto another and :finally into 
the Androscoggin, commanding at the foot of the chain a drainage 
area of 760 square miles without the 1\'Iagalloway, or 1,1.80 square 
miles including that stream, and comprising a combined water surface 
of at least SO or 90 square miles. At the foot of the chain is the Errol 
dam, located on Androscoggin River below the mouth of the 1Yiagallo
way, the discharge of the latter stream being thus commanded all(} set 
back into Umbagog Lake. The control of these storage reservoirs is 
in the hands of the Union Water Power Company of Lewiston, subject 
to such legal rights as may belong to the log drivers. 

The annual variation in level in Hangeley L·ake, the highest of the 
chain, is seldom so great as 3 feet; but from Moose.lucmaguntic, the 
second lake, 25 feet lower than Rangeley, the available draft from high
water level is stated as 1.1 feet; from Richardson Lake, the third, lying 
some 30 feet lower than the preceding, 20 feet; and from Umbagog, 
the last of the chain, lying about 200 feet lower than Richardson J.~ake, 
12 feet. 

Besides the lakes of t.he Umbagog-Rangeley chain, there are many 
others of less size in the Androscoggin Basin, ranging in extent from 
6 or 8 square miles downward, and covering in the aggregate, according 
to vVells,1 about 136 square miles of surface. 

The exceedingly mountainous character of the upper basin, with its 
extensive exposures of bare roek, tend to give the river a high freshet 
discharge and a variable flow, a tendency which is very greatly offset 
by the dense forest covering, the large lake storage already noticed, 
and the holding back of freshet waters above Humford Falls. V\1 ells 
gives the range between high and low water as 8 or 10 feet on the falls 
at Bn:.nswick and Lewiston, 20 feet at Rumford Falls, and from 22 to 
28 feet ~t Bethel. 

INCREASE IN UTILIZED POWER. 

While ·precise figures are not at command, it is evident that si11ce 
the united States census report on water power in 1880 there ]laS been 
a very great increase in tue amount of power utilized upo11 the Andro
scoggin. At the former date the returns credited the main river with 
the use of ~3,000 or 14,000 horsepower, while at the present time incom
plete returns indicate an aggregate of approximately 70,000 horse
power. It seems lil\:ely, therefore, that the increase in power utilized 
l1as been greater in the last fifteen years on this river, and that the 
total amount now used is greater, than upon any other single stream in 
New England. Probably more than two-thirds of the whole amount of 
power is employed in the manufacture of wood pulp and ·paper, and it 
is alinost exclusively in this line that the development of the river in 
recent years has taken ph!ce. · 

1 Water-Power of Maine, pp. 83-85: 
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This growth seems natural when it is considered that the upper 
Androscoggin Basin contain'S the finest spruce forests in New England. 
The report of Mr. Austin Cary to the forest commissioner of Maine 1 

places the net area of spruce-producing land in the Androscoggin Basin 
in that State at 830 square miles, of which not more than one-half has 
yet been cut for spruce, while all of the 850 square miles or thereabouts 
of gross area of the basin lying in New Hampshire is, or has been, a 
spruce-bearing region. The consumption of spruce at the various 
mills along Androscoggin River from Berlin to Brunswick for the year 
1895 is given as 123,000,000 feet for pulp and paper and 73,500,000 for 
sawing, of which amounts all but about 12,000,000 feet was cut within 
the basin of this river. · 

'VATER POWERS AT .AND BELOW LEWISTON. 

Ascending froin the mouth of the Androscoggin, the first fall is 
encountered at the bead of tide water, at Brunswick. Here there is a 
dam giving a fall of about 15 feet, which is liable to a reduction of 
some 3 feet from the tide. The largest user of power is the Bowdoin 
Paper lVIanufacturing Company, employing 750 horsepower on the 
north bank, where there is also a sash, door, and blind factory. At 
the south or Brunswick end of the dam are the Androscoggin Pulp 
Company, a gristmill, sawmill, sash and blind factory, and ferrule 
shop. The aggregate power used at these concerns could not be 
learned. 

The second or upper dam at Brunswick is a little way above the one 
just mentioned and gives a fall of 18 feet. This privilege is owned by 
the Cabot Manufacturing Company, wbicll uses 1,700 horsepower in its 
cotton mills and leases power to the Brunswick Electric Light Com
pany, lighting Brunswick and Topsham and employing two 500-horse
power turbines. No lack of water at this privilege has ever been 
experienced. 

Half a mile above the Cabot Manufacturing Company's dam are 
rapids with a fall of 7 feet; and a few miles farther is the Pejepscot 
Mills privilege, developed within the last three or four years for the 
manufacture of pulp and paper, and at which a fall of 20 feet and 4,000 
horsepower are in use. 

At Lisbon Falls, about 11 miles below Lewiston, there are two clams. 
At the lower, 14 feet of fall and 875 horsepower are utilized by the 
Lisbon Falls Paper Manufacturing Company; while at the upper, 13 
feet of fall and 1,050 horsepower are employed, about three-quarter,s of 
this being in the woolen mill of the Worumbo :Manufacturing Company. 

The next power is that at Lewiston, 22 miles by river ahoYe tide 
water at Brunswick, owned by t.Lte Union Water Power Company. At 
this point the river bad naturally a fall over a rocky bed of about 38 
feet in a few hundred feet, and b3' a dam at the head of the falls tbis 

1 Third Annual Report of Forest Commissioner, p. 150. 
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has been raised to 50 feet. Above the dam the pond is only 1~ miles 
in length, and is of insufficient capacity to store completely the night 
flow in dry weather. 

The power is used on the left bank from two levels, the upper canal 
being 4,200 feet long and the lower canal1,600 feet. The city of Lew
iston has the right to 450 horsepower net for pumping its water supply 
from the river, and 150 horsepower net for the purpose of electric :o;treet 
lighting. The water power company also maintains a mill on the lower 
level, in which it leases considerable quantities of power. The main 
employment of power, however, is by large cotton mills-comprising 
the Continental, Androscoggin, Bates, Hill, Lewiston, Lincoln, and 
Avon-the Lewiston bleachery and dye works, and the Cowan & Co., 
Columbia, and Cumberland woolen mills. 

Power is leased by the water-power company at rates varying, accord
ing to circumstances, from $5 to $12.50 per horsepower per annum, 
being cheaper for the original corporations. The price applies to net 
power on the shaft, assuming the latter to be 75 per cent of the gross 
power corresponding to a given quantity of water and fall. The mills 
run sixty hours a week, and measurements of the waterpower used by 
them are made daily. Some auxiliary steam power is also in use at 
certain of the mills. 

The total demand for water from the upper level when all the plants 
as equipped in January, 1897, are running at full capacity is between 
3,100 and 3,200 cubic feet per second for about 60 hours per week. 
Assuming 3,150 cubic feet per second used. on the full fall of 50 feet, 
we find the corresponding power to be- about 18,000 gross or 13,500 
net horsepower, but as some water is used on only a part of the total 
fall, the utilized power is reckoned at from 15,000 to 16,000 gross or 
say 12,0p0 net horsepower sixty hours in the week. For a large part of 
the year the available power is, of course, much in excess of the figures 
here given. 

Passing upstream, unutilized powers are found 2 or 3 miles above at 
Deer Rips, where 30 feet or more of fall, depending i1pon the height of 
dam to be built, is said to be available, and is owned by the Union 
Water Power Company; at Crooked Rips, 5 or G miles above the city 
of Lewiston, where there is a dam, built a few years ago, giving a mod
erate fall, but now serving no useful purpose whatever; and at other 

- points opposite the town of Turner. . 
The next utilized power is at Livermore Falls, about 25 miles above 

Lewiston, where some 3,000 horsepower is in use, 2,500 of this in the 
mills of the Livermore Falls and Umbagog pulp companies, and the 
balance in a sawmill, gristmill, etc. The head realized is about 1G feet, 
but rapids extending downstream indicate that a considerable addi
tional fall is available. 

In tbe 25 miles between Livermore Falls and Rumford Falls are 
three large water powers devoted to the manufacture of pulp and 
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paper. .At Otis Falls 22 feet of fall and 7,000 horsepower are employed 
by the Otis Falls Pulp Company, which in the summer of 1896 was also 
developing 18 feet of fall farther upstream, at Petersons Rips, where 
6,000 horsepower was to be used. Between these two privileges, at 
Jay, the Jay Paper Manufacturing Company uses 15 feet of fall and 
3, 700 horsepower. 

WATER POWER AT RUMFORD FALLS. 

The magnificent power at Rumford Falls is of recent development. 
Here the Androscoggin, after running for more than 20 miles with 
slight fall, suddenly descends 177 feet in about 1 mile, in successive 
pitches over granite ledges. The scheme of improvements contem
plates the use of power from three levels-a high-level canal, with a 
fall of 97 feet thence to the middle level, the latter receiving also a 
direct and independent supply of water from the river; water to be 
used from the middle-level canal and discharged after a fall of 50 feet 
into the low level, from which in turn there is a final drop of 30 feet 
to the river. Dams have been built at the entrance of the high- and 
middle-level canals. Water first began to be used in any important 
amount for power in the summer of 1893, and its use increased from 
time to time, until in the fall of 1897 turbines to the extent of about 
9,000 horsepower were in operation, over 80 per cent of this beiug 
utilized in the manufacture of pulp and paper. 

The upper dam, at the bead of the falls, is a log structure, built 
primarily to provide boomage for logs and to prmrent trouble from 
anchor ice. It causes slack water in the river for about 8 miles and 
thus creates a fine storage, which, however, is of somewhat minor 
importance on this privilege, inasmuch as most of the turbines are run 
continuously through the week. A timber sluiceway has been con
structed from the pond aboYe the dam down the right bank to the 
middle-level canal, for the purpose of sluicing down logs for the use 
of the mills; and,at small filter buildings on the right and left banks, 
respectively, water taken from the vicinity of the dam is cleared for the 
use of the paper mills and for the public supply. The high-level ca11al 
bas not yet been built, however, and no power is used in connection 
with the upper dam. 
Th~re is a rapid descent from this dam to the principal falls, which 

are a few hundred feet below. Opposite these a short wing dam, 
extending out from the left bank, diverts water to the turbines of an 
electric light and power station. In addition to the work of lighting, 
electric power is transmitted thence for operating the Rumford Falls 
Woolen Company's mill, a machine shop, gristmill, molding mill, wood
working shop, and for various minor uses. 

Below the main falls is a pool of large size formed by the lower dam, 
shown in Pl. XV, A, a quarter of a mile or more beyond which are the 
lower falls, in two principal pitches, succeeded by heavy rips. The 
dam just mentioned diverts water through gate openings in a heavy 
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masonry bulkhead to the middle-level canal, supplying the principal 
users of power on this privilege, the Rumford Falls Paper Company, 
the R.umford Falls Sulphite Company, and the Electro-Chemical 
Company, manufacturing bleaching powders, etc. 

Sufficient data as to the flow of the river are not at hand for forming 
a complete, or perhaps an entirely just estimate of the power of this 
important privilege. The figures given elsewhere for flow, which are 
declared to embrace the extremes for a quarter of a century, indicate a 
minimum of somewhat over 100 net horsepower per foot of fall-an 
amount to be considered as available twenty-four hours a day in all sea
sons and in all years. Further, if these figures, embracing about three 
years from May, 1892, be taken as a criterion, it appears that for about 
three7quarters of the time, in the average of years, the available power 
may be reckoned at substantially twice the above amount, or about 200 
net horsepower per foot of fall. For the entire fall of 177 feet these . 
figures give as available 18,000 and 35,000 net horsepower, respectively. 

Humford Falls is distant 85 miles by rai.l from .Portland. For pulp 
and paper manufacture not only does it have the advantage of Andros
coggin River for floating down pulp timber to the mills from the 
sources of supply in the upper basin, but by the Rumford Falls ~t:nd 
Raugeley Lakes Railroad and its contemplated extension into the 
Megantic region magnificent spruce forests will be made tributary by 
rail. Whatever the exact figures may be, Rumford Falls apparently 
stands foremost, in the amount of its available power, among the 
water-power privileges of New England. 

Above Rumford Falls the next use of power is at Berlin Falls, New 
Hampshire, where the Androscoggin has a rapid descent over a rocky 
bed, stated to be nearly 200 feet in a mile. · The first power met is that 
of the Glen Manufacturing Company, which has three dams in 8ucces
sion on the river, giving falls of 22, 22, and 38 feet, respectively", the 
power being employed in the manufacture of paper and pulp. Then 
follows an unimproved privilege, succeeded by the works of the Bur
gess Sulphite Fiber Company, using a fall of 16 feet. Above these are 
the paper, pulp, and saw mills of the Berlin Mills Company, which 

. obtains power from three dams with an aggregate fall of about 50 feet. 
The mills at Berlin are among the largest of their kind in the country. 

They employ in the aggregate about 20,000 horsepower of turbines, 
and their combined output comprises about 140 tons per twenty-four 
hours of wood pulp, 210 tons of sulphite fiber, and 160 tons of finished 
11ews paper; in addition to which the Berlin Mills Company ma11ufac
tures some 40,000,000 feet per annum of finished lumber. 

Above Berlin Falls no power is used from the Androscoggin, and the 
stream is without immediate railroad facilities. There is a darn, how
ever, at Pontoocook Falls, some 10 or 12 miles above Berlin, used for 
logging purposes, and within a couple of miles of which there is said 
to be 60 or 70 feet of fall in the river; and another at Errol, serving to 
control the storage in Umbagog Lake, as elsewhere noticed. 
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RECORDS OF DISCHARGE AT RUMFORD FALLS. 

Substantially no figures regarding the flow of Androscoggin River 
are accessible, except those resulting from a series of observations 
begun at Rumford Falls in May, 1892, during the progress of develop
ments at that place, and continued to the present time, although only 
the results up to the close of April,. 1895, have been computed and 
made available for study. Until January, 1893, the discharge was 
determined from the computed flow over the dam as given by Francis's 
ordinary weir formula; subsequent to which time, as water came to be 
used for power, additions were made to the computed flow over the 
dam of the amounts assumed to pass through the turbines. The gage 

. readings are taken at the lower dam, and at first were made once a 
day, later four times a day, and now every two hours. Flashboards 
are uot used upon the dam. There is but little fluctuation during the 
twenty -four hours in the quantity passing thew heels, nor, indeed, is there 
much anywhere upon this river except at and below Lewiston. There a 
large proportion of the mills run only in the daytime, while elsewhere 
they run continuously through the week. At Rumford Falls many of 
the turbines run throughout the week without change of gate, and 
some run a month or two at a time without stopping. 

Notwithstanding the fact that a high degree of accuracy is not to be 
expected, and doubtless is not claimed, for results obtained as above, 
in which, for example, the proper weir coefficient to be used is in doubt, 
nevertheless the series of figures at command for Rumford Falls are of 
high value for revealing the general characteristics of flow of the 
Androscoggin and for giving a good approximation to its absolute 
amount. The results hereafter given have been very kindly placed at 
disposal for this report by Mr. Charles A. Mixer, resident engineer of 
the Rumford Falls Power Company. 

In the followilig tables an analysis is made of the daily discharge for 
each month, with a view to revealing not only extremes of flow, but 
also the average, with corresponding values in inches on drainage 
area and in sec_ond-feet per square mile. The daily discharges are 
graphically set forth in figs. 16 and 17. 
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.Aualysis of dischm·ge of And1·oscoggin Rit·er at Runtfm·d Falls, by calendar 1lWnths, 
1892 to 1895. 

[Drainage area, 2,220 square miles.] 

: I i Equivalent ~ 
1 • • • : :Equivalent in cubic feet 
i Maximum ! ~fmmmm 

1

Average fori in inches per sec?ml 
1r 1 tl \day, average day, aver- 1 mouth, 1 . cr of conhnu- R · f ll b 

ear am mon l. for the 24 · acre for the 24 hom·s per on ( rama,e ous flow per am a · 
hours. i 24 hours. a · day. I ~~~[~r S(\uar~ mile 

• 1 

1 I · of dramage 
i 1 area. 

I ! :~--------:~--------·!--------~~--------! 

1892. 
Mayc -------
June .... ----
July ....... . 
August ..... . 
September .. 
October ..... 
November. __ 
December ... 

1893. 
.J a.nuary ... . 
February ... . 
March ..... . 
April. ...... . 
May-------
June d ------
July .... ___ _ 

August ..... . 
September .. 
October ..... 
November_ .. 
December ... 

Year __ 

1894 . 

01tbicjeet 
per second. 

11,700 
19,900 
17,500 
8,500 
5,860 
2,940 

24,500 
3,830 

3,830 
2,990 
4,130 
8,050 

38,060 
9,700 
3,630 

12,300 
3,760 

13,000 
4,830 
3,820 

38,060 

Oubicjeet 
per /iecond. 

4,940 
3,830 
2,820 
2,600 
2,580 
2,700 
2,330 
2,820 

2, 940 
2,990 
2, 750 
2,750 
5,010 
4,450 
2,120 
1,400 
1, 300 
1,900 
1,900 
1,900 

1,300 

Ottbicjeet 
per second. 

7,610 
7,410 
7,350 
4,840 
4,030 
2,780 
5,720 
3,200 

3,180 
2,990 
3,190 
5,030 

16,910 
5,890 
2,800 
3,290 
2,660 
3,830 
3,070 
2,660 

4,640 

3.73 
3.81 
2.51 
2.03 
1. 44 
2.88 
1. 66 

1. 65 
1. 40 
1. 66 
2.53 
8.78 
2.96 
1. 45 
1.71 
1. 34 
1. 99 
1. 54 
1. 38 

28.39 

3.43 
3.34 
3.31 
2.18 
1. 82 
1. 25 
2.58 
1. 44 

1. 48 I 
1.35 
1.44 
2.26 
7.62 
2.65 
1. 26 
1. 48 
1. 20 
1.73 
1. 38 
1. 20 

2.09 

Inclu.s. 

3.19 
8.74 
3.66 
8.38 
2.74 
1. 88 
4.91 
1. G5 

1. 86 
4.78 
2.89 
2.70 
3.30 
3.12 
2.36 
4.46 
2.67 
3.27 
1. 80 
3.05 

36.~6 

. January . . . . 3, 890 2, 130 2; 720 1. 41 1. 23 3. 35 
February.... 3, 310 1, 590 2, 000 0. 94 0. 90 4. 95 
March -..... 7, 090 1, 570 4, 030 2. 09 1. 82 2. 30 
April...... . . 22, 230 3, 300 9, 470 4. 76 4. 27 2. 05 
May ---. . . . . 19, 230 4, 550 8, 240 4. 28 3. 71 3. 37 
June.-...... 9, 830 3, 100 5, 090 2. 56 2. 29 ·1. 58 
July . . . . . . . . 5, 310 1, 680 2, 490 1. 29 l. 12 3. 47 
August...... 2, 480 1, 380 I 1, 930 1. 00 0. 87 1. 94 
September . . 5, 880 1, 630 2, 220 1. 12 I 1. 00 2. 87 

1 October..... 5, 580 1, 460 I 2, 500 1. 30 1 1. 13 2. 54 
I November... 7, 380 1, 380 3, 040 1. 53 

1 
1. 37 4. 52 I December- -- 2, 890 1, 460 1 2, 090 1. 08 1 0. 94 3. 67 i 

_Y_ea_r __ ·-~~--22_,_2_s_o ___ 1 __ 1_,_s8_o __ ~~=s_,-8=2=o=_l __ 2 __ 3.~6 ~---1-.-72--:j---3-9.-61 J 
a Sunday flow not measured. 
b Station at West Milan, New Hampshire. See bulletins of New J~ngland Climate and Crop Serv

ice, U.S. Weather Bureau. 
c Flow recorded for last 15 days only. dFlow recorded for first 20 days only. 
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.A11alysi8 of discha1·ge of Androscoggin Rive~· at Runtf01·d Ji'alls, by calendar months, 
1892 to 1895-Continued. 

I >•·~ aml month. 

Equivalent I 
Equivalent in cubic feet 

Maximum Minimum .A.Yerage for in inches per second 
day, average day, aver- month, on drainage of'continu- R 

for the 24 age for the 24 hours per area for ousflowper 
hours. 24 hours.a day. month. square mile 

of drainage 
area. 

-

1895. 
Cubic feet Cubic feet Oubic feet 

JJer secMtd. pm· second. per second. Inches. 

.January .. --- 2,530 1,330 1,800 0.93 0.81 2.93 l }'ebruary _ --- 1, 230 1,230 1,230 0.68 0.55 
March ______ 1, 230 1, 230 1, 230 0.64 0.55 
ApriL ... ---- 55,230 1,230 12,000 

I 
6.04 5.41 

1. 42 I 

3 
a. Snnday flow not measured. 
b Station at \Vest Milan, New Hampsl1ire. 

The figures and diagram indicate on tbe whole a very constant <lis
charge for this river, maintained more tban one-half the time between 

Sec.-ft. 
40,000~~-;-+-r;-~+-+-~-;-+-+-+~+-~~-4-+~~~+-+-~~-+-+~4-~ 

I 
20,000 • 

10, nno +-+.-H-+-+~~+-.f-+-HH-+1-1-,+-1-4--+--1-1 
~~~~4-h+~ ~~~~.·~~~+d~~~~ 

L-.11 ....... 
FIG. 16.-Discharge of Androscoggin River at Rumford Falls, 1892 and 1893. 

2,000 antl 4,000 cubic feet per second, or between snbsta.ntially 1 anrl 2 
cubic feet per second per square mile of drainage area. It is true that 
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during February and March, 1895, the discharge continued as low as 
about 1,200 cubic feet per second, or 0.55 cubic foot per second per 
square mile. This is described, however, as a very unusual condition, 
resulting from the withdrawal of lake storage in the early winter, until 
it was exhausted, for the first time since the dams were built at the 
lakes, or twenty-five years, followed by severe and continued cold 
weather, holding all surface moisture in the form of snow and ice, and 
even checking the spriugs. On the other band, within ten days from 
the close of this period of low flow, or ip_ AJ?ril, 1895, the river was. 

Sec.-ft. 
40, 000 t-+-+-+--t---t-+--t-t-t-+-!--t---t-+-+-+-1-+--+-+-l-+-t--+--t-il-+-+-+-l-+-t--f-l-+-f 

30, 000 t-+-t--t-+-t-+--t-t-t-+-!-+-t-+-+-+-l-+-+-+-l-+-t--+--+-,1-+-+--f-l-+-t--f-l-+-f 

2~000~~~~~~~~~~~~~+~~~~~~~~~~~~~~~ 

10,000~ +--+-A--f-+--f-~ 

wi.JI&l j .. _ ... l ... :..... 
0 

40, ooo H-r--t--M-t--t-H-tit.r--t-lr-+-t--t-t-t-+--1--+-1-+-+-+-H-++-H-+-+--1---l~ 
~ 

30, 000 t-+--+--+-+-t---t--!-t-t-tlt+-+-ll-+--+-+-·:-+-+--!--l-l-l--+-+-l-+-t--!-.J..-4-I--+-,~~ 

U~95 
20. ooot-t-r~H--t--t-H--iitt-+-1r--t-i--t-H-t--t-H-+~-I-H-:-+-~-+-+--I--l~ 

10, 000 t-+-t--t-t-t--+-+--+-+-

0 ....... ~ ............ ~ 
FIG. 17.-Discharge of Andro8coggin River at Rumford Falls, 1894 and 1895. 

visited by a freshet described by Mr. Mixer as the highest in thirty years, 
although it seems probable that even this must have been suqJassed 
in the spring of 1896. At the date first mentioned the discharge rose 
to 55,000 cubic feet per second, or about 25 cubic feet per second per 
square mile of drainage area. The ratio of these extremes, about 45 
to 1, is probably not unlike that for other reservoir-fed streams of 
New England, such as the Merrimac and Connecticut, but is wonder
fully different from that of Southern nonreservoir streams, such as tbe 
Potomac. 
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lu fig. 18, where the discharge is plotted by days without respeet to 
their calendar order, the distribution of the flow with respect to time 
is best seen, and the relations already mentioned may be discerned. 

A.s to the relation between the annual yield of the stream at Rum
ford Falls and the rainfall upon the tributary area, the records at com
mand are too short to warrant any very definite conclusions. No 
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FIG. lil.-Discharge or" .Androscoggin RiYer at Rumford Falls. Values arranged without reference 
to calendar orller. 

rainfall obsen-ations made directly within the drainage area are on 
record, and those given by the volunteer observer at WeRt .Milan, lying 
a few miles west of the watershed, contaii1ed in the United States 
Weather Bureau bulletins, have been employed. Taking periods 
beginning and ending with October 1, as bas been done for the other 
rivers of :l\Iaine, for the twelve months from October 1, 1892, to 
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October 1, 1893, the rainfall appears to have been 36.5 inches and the 
run-off 29.5 inches. These figures give a ratio expressed by 81 per 
cent, a value so high that it ought not to be accepted without confir
mation, which it is not practicable here to give. The large value for 
run-off is seen to result from the abnormal yield of May, 1893, which 
was apparently 8.78 inches. For the twelve months succeeding Octo
ber 1, 1893, the figures for rainfall and run-off are 37 inches and 24.4 
inches, respectively, giving a ratio of 66 per cent; while for the entire 
period from June, 1892, to April, 1895,inclusive, the run-off appears to , 
have been 67 per cent of the rainfall for the same time. 

LITTLE ANDROSCOGGIN RIVER. 

This stream, which drains an area of about 380 square miles and 
joins the Androscoggin from the west immediately below the falls at 
Lewiston, is the only tributary of that river of present importance 
for utilized power. It heads some 30 miles to the northwest of Lewis
ton, and, being fed by numerous lakes, bas a comparatively steady 
flow. At the two dams nearest the mouth the power is owned by the 
Little Androscoggin Water Power Company and leased to the users. 
At the lower dam are the Barker woolen mills, having 35 feet of fall 
with 400 horsepower of wheels, and several small woodworking and 
other establishments, using in the aggregate about 250 horsepower. 
At the upper dam the fall is 26 feet, and the power is used by the 
Auburn and Lewiston Electric· Light Company. The privilege is 
regarded as good for 300 horsepower at all times. The last-named 
company also leases the power at the third dam, where it has installed 
two 310-horsepower turbines, working under a fall of about 23 feet. 

At Mechanic Falls, 10 miles above the mouth of the river, the 
Poland Paper Company uses 30 feet of fall and has turbines rated at 
1,200 horsepower, while at the succeeding privilege a dam was being 
built in August, 18!>6, to develop power for the Mechanic Falls Electric 
Light and Power Company. Above this point there is but little use 
of power. 

PRESUMPSCOT RIVER. 

On account of its large fall, all within a short distance from tide water, 
and especially because of its considerable and well-sustamed flow, Pre
sumpscot River is, in proportion to its length and the size of its drain
age area, one of the most attractive of the water-power streams of New 
England. The immediate source of the river is in Sebago Lake, a 
magnificent sheet of water covering, according to Wells, 1 some 50 
square miles of surface, and lying 17 miles northwest of Portland. 
Crooked River, the principal feeder of the lake, heads 35 miles farther 
toward the north and within 2 or 3 miles of Androscoggin River. 
From Sebago Lake the Presumpscot flows southeasterly about 20 miles, 

I \Vater-Power·of Maine, p.143. 

19 GEOI.,, P'l' 4--7 
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discharging into Casco Bay a few miles north of Portland. The basin 
includes 4 70 square miles, as measured on Colton's map of Maine, at 
the outlet of Sebago Lake, and 700 square miles at the mouth of the 
main river. The northern portion is mountainous and wooded, while 
the southern part is moderately hiJly and cleared; granite, gneiss, and 
mica-schist appear at many points, and the soil is gravelly or sandy. 

According to a survey made by Mr. Joseph A. Warren, of Cum
berland Mills (see :fig. 19), the fall from the crest of the stone dam at 
the foot of Sebago Lake to mean low tide at the foot of the lower falls 
is 265.16 feet in a distance of 21.65 miles, or an average of 12.25 feet 
per mile. In the lower two-thirds of this distance, or from .Gambo 
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.FIG. 19.-Profile of Presumpscot River from Sebago Lake to tide water. 
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Falls to tide water, nearly seven-eighths of the whole fall of 132 feet 
has been improved, and an aggregate probably exceeding 6,000 net 
horsepower is in use. The balance of the fall, however, between Gambo 
Falls and Sebago Lake, amounting to 133 feet, is either unimproved or 
but slightly utilized. At Great Falls, in this stretch, there is a descent 
of 22 feet, which has been used in the past, but is now idle; it is pro
posed, however, to employ the power in the generation of electricity for 
delivery in Portland. 

By far the largest users of power on the river are Messrs. S. D. 
Warren & Co., paper manufacturers, at whose plant at Cumberland 
Mills about 3,000 horsepower is used from all sources. Of this amount 
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1,500 horsepower is from water direct, there being a fall of 20 feet here, 
and the balance is from steam and electricity, the latter being trans
mitted from the Lower Falls, 6 miles downstream, at which point there 
is a dam giving a fall varying with the tide from 11 to 21 feet. 

Passing above Cumberland Mills, the next power is at Saccarappa, 
where there are two dams giving falls of 19 and 12 feet, respectively. 
Here are the cot.ton mills of the Westbrook Manufacturing Company 
and the Dana Warp Company, the power house of the Westbrook 
Electric Light and Power Company, and several other smaller mills, 
the total water power used by all the establishments, when in full oper
ation, being about 1,900 horsepower. At Mallison ·Falls about 300 
horsepower, under a head of 20 feet, is used at the woolen mill of the 
Robinson Manufacturing Company, and at Little Falls 1,600 horse- . 
power, with a head of 18 feet, is employed by. the Sebago Wood ;Board 
Company. 

RECORDS OF DISCHARGE FROM SEBAGO LAKE. 

Since January, 1887, the :flow from Sebago Lake has been regularly 
ascertained and recorded, the quantity being deduced from the open
ings in the regulating gates at the dam, the discharging capacity of 
which under different conditions of head has been determined and 
tabulated by Mr. Hiram F. Mills, of J.Jowell. Since January, 1872, a 
continuous record has also been kept of the level of the lake surface, 
the last ten years of which record are graphically represented in fig. 20. 
An unusually complete and valuable series of data has thus been 
obtained, which has courteously been furnished for this report by 
Messrs. S.D. Warren & Co. 

From the diagram it will be seen that the lake :fills rapidly after the 
1st of March, attaining its maximum height between the middle of 
April and the 1st of June, and then gradually subsides as water is 
withdrawn for mill purposes, until a minimum stage is reached, some
times in the autumn, but usually in the winter. For the past ten years 
the average range for the calendar year between extremes of lake level 
bas been about 5~ feet. · 

It will be shown later that the average :flow from the lake for a series 
of years has been about 820 cubic feet per second, and the minimum 
about 400 cubic feet per second. Assuming 400 and 800, respectively, 
as approximate values for the :flow; also assuming roughly 225 feet as 
the net fall in the Presumpscot capable of development, 75 per cent 
as the efficiency of turbines, and not taking into account additions to 
the volume of the stream below Sebago Lake-we have above 7,500 net 
horsepower as the constant available power of the river, and above 
15,000 net horsepower as the average, that is, the power to be realize<! 
about one-half the time. 

The first of the accompanying tables records the delivery from the 
,lake in average flow for the working days of each calendar month from , 
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1887 to 1896, inclusive, with the equivalent in inches upon drainage 
area, and in cubic feet per second of continuous flow per square mile 
of drainage area. From this table alone it maybe seen how thoroughly 
the yield of the basin is under control, and how relatively uniform a 
discharge i.s maintained from this remarkable reservoir. For the entire 
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period of the ten years under consideration the average flow, as already 
noticed, was 820 cubic feet per second, the minimum 400, and the maxi
mum 1,670. For one-third of the entire period, however, the flow 
Yaried not more than 10 per cent from the above average, and for 
nearly three-fourths of the period it varied not more t.hau 20 per cent 
from the average. These relations may easily be seen from the dia-
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gram, fig. 21, in which the flow is plotted by months without reference 
to calendar order, and on which it is, therefore, apparent for how long 
a time in the aggregate the flow stood at or above any given figure. 

In the succeeding table the flow is averaged by calendar montl1s ·for 
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FIG. 21.-Rate of tlow from Sebago Lake, arranged by months, without :regard to calendar order. 

the period under discussion. Finally, in the third table the attempt is 
made to bring out in a summary the relation between run-off and rain
fall, the various results of the table~ being shown to the eye by the 
diagrams, figs. 22, 23, and 24. There is but a single rainfall station 
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FIG. 23.-Average monthly flow from 
Sebago Lake, in inches, on water
shed, 1887 to 18!l6, inclush·e. 
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FIG. 22.-A verage monthly flow from Se
ba_go Lake during working da_ys, 1887 to 
1896, inclusive. 

directly within the tributary basin, that at North Bridgeton, maintained 
by a volunteer observer, the record covering a period of three years 
only. The rainfall records of the United States Signal Service station 
an Portland have therefore been used, as being of the highest authority 
an<l because the distance of the station from the center of the basin, 35 
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or 40 miles, does not greatly exceed that of the nearest volunteer stations 
outside the basin. Using the Portland figures, it appears that for the 
entire period of ten years, 1887 to 1896, inclusive, the average annual 
rainfall was 45 inches, and the average annual run-off 21 inches or 47 
per cent of the rainfall. In investigating the variations in percentage of 
run-off from year to year the natural divisions between the years have 
been disregarded, and in order to avoid as far as possible the influence 
of varying amounts of snow or of lake storage upon the apparent yield 
twelve-month periods have been selected, at tbe beginning and end of 
each of which the lake level was nearly the same and the ground was 
free from snow. For seven periods thus chosen, covering most of the 
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time under discussion, the percentage 
of run-off ranged from 43 to 53. 

In the following table the first or 
left-hand column of figures gives the 
average flow during the working days 
of the month, excluding Sundays and 
holidays. In other words, it gives the 
flow as it comes to the mills for use. 

~ When water is not needed it is found 
l practicable, on account of the great 
-~ size of Sebago Lake, to control the flow 
f~ of the river. The working days evi
~~ dently make up a varying percentage 
uQ 
~~ of the total number of days, being de-
~~ pendent upon the number of Sundays 

and holidays in each particular month. 
The figures in the next or seoond col

Fm. 24.-A.verage annual rainfall and flow 
from Sebago Lake, 1887 to 1896, inclusive. unm are derived directly from those in 

the first column by applying the proper 
number of working days for each particular month and adding to the 
results the quantity equivalent to about the flow of one working day. 
This amount is added from tlle fact that, while nomi.nally all flow is 
shut off' on Sundays and other days when the mills are not being oper
ated, there is in fact a small amount of water permitted to flow, the 
quantity of which is not accurately determined. It is sufficient, how
ever, to consider this to be the equivalent above stated of the discharge 
during one working day. The figures in the third column are derived 
from those in the second column, and are not obtained directly by 
dividing the average flow as given in the first column by the extent 
of the drainage area as expressed in square miles. 
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Flow of water j1·orn Sebago Lake, 1887 to 1897. 

[Drainage area, 4i0 square miles.] 

Year and month". 

Equivalent in I 
Average flow Equivalent cubic feet per 1 during work· in mches on second of con· Ra' f 11 ~ ' 
ing days of drainage tinnous flow u~n~h or r 

month, 24 area for -eer square m · 
hours per day. month. a mile of drain· 

age area. 

1887. 
G1tbicjeet per 

second. Inches. 

January .................. ---- 900 1. 92 1. 66 3.89 
February . ----- ~ ... - - ..... - .. -- ... - ...... 930 1.85 1. 77 5.73 . 

March ...... ---------- .......................... 930 2.06 1. 79 4.15 
April -............... - ..... -.---- -- ..... ---- 920 Ill 1.97 1. 77 4.96 
May ............. ------------------- 980 2.10 1.82 1. 93 

June .... ---- ......... ------ .. 960 2.05 1.84 4.07 
July ......................... 890 1. 82 1.58 4.70 
August ........................................... ---- 920 2.05 1. 78 6.56 
September #----- ................. -·---- 930 1.99 1. 79 0.70 
October ...................... 930 1.99 1. 73 2.47 
November ....... __ ......... _ .. 930 1. 92 1.72 4.74 
December .............. _ ..... 950 2.03 1.76 5.17 

Year ................... 930 23.75 1. 75 49.07 

1888. 
January ............... ---·-- --·-· ........... 970 2.07 1.80 6.05 
February ---- ............................................ 860 1. 76 1. 63 5.40 
March ------------ ·------ ---- 890 1.98 1.72 3.72 

April -------------------- ·--- 930 1.92 1. 72 3,.80 
May ............................... - ------------ 1, 370 3.04 2.64 3.36 

June ...... ------ ............. 980 2.09 1. 87 2.79 
July ......................... 880 1.82 1. 58 1. 90 
August ....................... 830 1.85 1. 60 4.36 
September ------ -----·- ·----- 890 1. 84 1. 65 8.22 
October ...................... 740 1. 64- 1. 42 7.47 
November .................... 890 1.84 1.65 7.46 
December ..... __ . __ .......... 960 1. 97 1.71 4-.71 

Year·-·-··.· ............ 930 23.82 1. 75 59.24 

I 
1889. 

January ..................................... 950 2.10 1. 83 3.47 

I 
February ........... ··---· .............. 1,000 1.98 1.89 2.74 

March ............................................ 1,110 2.38 2.06 2.68 

April ............ ----·· ------ ··--·· 1,000 2.14 1.91 2.39 

~----------------------- 980 2.18 1.89 2.65 I 
930 1. 92, 1. 72 3.26 I --· ................ ---- ........... -a Corrected for Sunday flow. 
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Flow of wate1· from &bago Lake, 1887 to 1897-Continued. 

Averageflow E<J.uivalent 
during work- in mches on 
ing days of drainage 
month, 24 area for 

Year and month. 

Equivalent in \ 
cubic feet per 
second of con- Rainfall for tinuous tlow month. per square 

---------------------------l-h-ol-lr_s_p_e_r-da_y_., __ m_o_n-th_._a-l----------l--------

1889. I Ou~~~{~1.per 

mile of drain-
age area. 

July ......................... \ 930 
I August.... . . . . . . . . . . . . . . . . . . . 900 
i ·September ............. ------ 850 

October ........ ----------.... 860 
November ................ ---~ 

December ................... . 

1890. 
January . . . . . . . . . . . . . . ...... . 

:February ................... . 

:March ...................... . 

April ...................... .. 

May------.------ ...... ------
Jnne....... . . . . . . ...... ----. 
July ____ . ______ .............. . 

August ....................... . 
September .................. . 

October ..................... . 

November ................. __ . 

December .................. _ . : 

Year ______ ...... _ .... . ! 

1891. 
.January ............... ______ \ 

February .................... [ 
:March ......... _ ..... _______ _ 

April .. . . . .. . .. .. . .. . . . .. __ . 

J\lay . . . . . . . . . . . . . . . . . . . . . _ .. 

.June ............... - ..... - .. . 

July.-----------· ...... _____ _ 

August .................... _. 
September ... ___ . __ ...... __ .. 

870 
880 

940 

910 
980 
920 

1,250 
1, 350 

960 
810 
830 
870 
!)70 
970 

1,010 

990 

950 
960 

1,040 
1,670 
1, 290 

960 
860 
880 
900 

1. 99 
2.00 
1. 75 
1. 91 
l. 80 
1. 81 

23.96 

2.03 
1.94 
1. 97 
2.68 
3.07 
1.98 
1. 73 
1.78 
1. 86 
2.16 
1. 92 
2.16 

25.28 

2.11 
1. 91 
2.23 
3.57 
2.75 
2.05 
1. 83 
1. 89 
1. 92 

October .................. __ .. 1 920 2.03 

November-- ........ -- - ... - . --I 820 1. 63 

Inches. 

1.73 3.10 
1. 73 2.76 
1.57 2.49 
1. 65 3.47 
1.61 7.95 
1.57 4.96 

1. 77 41.92 

1. 76 2.89 
1. 86 4.04 
1. 70 6.24 
2.40 2.51 
2.66 6.10 
1. 78 4.53 
1. 50 3.58 
1. 55 2.99 
1. 67 4.88 
1.87 6.82 
1. 72 2.31 
1.88 5.08 

1. 86 51.97 

1. 83 7.71 
1. 83 4.31 
1.93 5.48 
3.20 1. 89 
2.39 3.47 
1. 84 2.77 
1. 59 4.78 
1. 64 1.15 
1. 72 1. 94 
1. 76 3.22 
1.46 2.38 

I 

! · December ...... __ .. __ ........ , 

Year .......... ____ .... . 

750 -~--~1 
1,000 I 25.52 I 

! ________________ _ 

1. S9 
4.17 I 

1.88 I . 43.27 
I 

a Corrected for Sunday flow. 
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Flow of 1vater j1·om Sebago Lake, 1887 to 1897-Continned. 

Year and month. 

1892. 
January ......... __ ... __ ...... 

February .......................................... 

.March .............................................. 

ApriL .......... -------- ...... J 

May ...... -...... - ....... -- ............ ---- ..... 

June ........ ---.----.--------

Jnly. ·----· ··---- -----· -----· 
August ....................... 

September ............................... ---· 
October .. __ ... _ .. _ .... _ ...... 

November. ... -------- ........ 

1 December ........... __ ....... 
I 

Year ___ .. _ . _ . ___ . ____ .. : 

1893. 
January .............................................. 

}'ebruary ......................... ---- ....... 

March -----------------------
April .................................................... 

May ........................................................ 

.Tnne ........ --- .... ------- --· 
July_ .. ___ . __ .... -·------ .... 

August ............... - .... --. 

September .............. ---· .................... 
October .........•.....•..... ·1 
November. ___ ....... ____ ..... 

December ................ - - .. i 

I 

Year-~~~-··· .......... 

1 January ......... ____ .... ---· 

Pehruary ................ ····1 
March·-··:··----· ___ ..... ---· 

April.·--------··----·---· .... 
May ........................................... ---- i 

I 
June_ ........ -.. --- . ----- --- -1 
July. __ ._ .. __ .... __ .. ________ ~ 

August ---· ·---·--- --·- •••••• ! 

Septem her ... - . -- - - ---- - - -- .. t 

I 

I I Equivalent in 
Average flow Equivalent cubic feet per 
during work- in inches on second of con-
ing days of drainage tinuous flow 
month, 24 area for per square 

hours per day. month. a mile of drain
age area. 

Cubic feet per 
1econd. 

790 1. 70 1. 47 
810 1.67 1. 55 
770 1. 70 1.47 
710 ]. 53 1. 37 
730 1. 55 1. 35 
710 1. 52 1. 36 
880 1.82 1.58 
830 1. 85 1. 60 
730 1.56 1. 39 
600 1. 29 1.12 
570 1.17 1. 05 
580 1. 23 1. 07 

730 18.59 1. 37 

590 l. 26 1. 09 
590 1. 16 1.12 
590 1. 31 1.13 
540 1.11 0.99 
710 1.57 1.36 
830 1. 78 1. 59 
770 1. 58 1.37 
750 1:65 1. 44 
790 1. 69 1. 51 
750 1. 61 1. 40 
720 1. 48 1. 33 
840 1. 74 1. 51 

710 17.94 1. 32 

830 1. 85 1. 60 
780 I 1.53 1. 47 
630 l. 39 1.21 
580 1. 20 1. 08 
690 1. 53 1. 33 
720 1.54 1. 38 
800 1. 65 1. 43 
680 1. 50 1.30 
560 1. 16 1. 04 

a Corrected for Sunday flow. 

105 

Rainfall for 
month. 

Inches. 

4.22 
2.18 
2.27 
1. 04 
4.41 
4.60 
2.68 
8.14 
2.89 
1. 64 
3.76 
1.32 

39.15 

2.19 
4.51 
3.58 
3.71 
7.59 
3.62 
0.96 
2. 74 
2.33 
5.13 
1. 83 
5.42 

43.61 

3. 13 
2.70 
1. 97 
2.55 
7.33 
2.01 
2.96 

~ 6 
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Flow of water jrorn Sebago Lake, 1887 to 1897-Continued. 

I E uivalentin I 
Average flow Equivalent c:lbic feet per I 
during work- in inches on second of con- Ra · f 11 £ 

Year and month. ing days of drainage tinuous flow [ u~:th or 

I 

month, 24 area for per square m · 
hours per day. month. a mile of drain-

age area. 

---1--1-1--1--1 

1894. 
Cubic feet per 

second. Inches. 

October .... ...................................... 550 1. 22 1.06 4.65 
November, .............. _ .. _. 540 1.12 1. 00 2.05 
December .... ------ ____ ------ 670 1. 39 1. 20 1. 75 

Year ............. ------ 670 17.08 1. 26 37.13 

1895. 
January ....... _ .. ______ . _ . __ . 750 1. 67 1. 45 2.47 
February ------ ............................. 710 1.41 1. 35 0.94 
March.------. ____ ------ .. ---- 650 1. 39 1. 21 3.37 
April .......... _ .... _. _ ..... _. 550 1.18 1. 06 5.95 

May ....... ------------------- 710 1. 57 1. 37 1.59 

Juue ·----- ...... ------- ...... 690 1.42 1. 27 1.97 
July ....................................................... 5SO 1.24 1.08 3.59 
August .................... - .. 540 1. 20 1.04 4.72 
September ........................................ 580 1. 20 1. 07 1. 79 
October .......... _ . ___ ....... 530 1. 17 1.02 1.91 

November------ ........ ------ 400 0.83 0.74 7.18 
December ____ .... __________ .. 470 0.96 0.84 3.30 

Year -- ..... - ....... - -....... -- .. -... 600 15.24 1.12 38.78 

1896. 
January ....... _ .... __ ...... _. 500 1. 07 0.93 2.00 
February ........... _. __ ., .... 530 1.10 1.02 5.27 
March ................. _ ...... 470 1.01 0.88 

, 
8.02 

April ... _. __ .......... _ ....... 600 1.29 1.16 1. 65 
May ...... ________ ·--- .................... 950 2.03 1. 76 3.21 
June ................. -- .. ---· 900 1. 92 1. 72 2.23 
July ... -.......... - -- - - .. - . -- ..... ~ - - - - - .. 890 1.90 1.65 3. 10 
August ......... _ ... ___ ... _ ... 810 1.i2 1.50 2.57 
September --------------- ......... 700 1. 50 1.34 9.57 
October ...................... 720 1. 60 1. 39 3.19 
November ................... _ 770 1.53 1.37 2.45 
December ........... _ ...... _ . 810 1.74 1.51 2. 18 

Year ....... ------ ______ 720 18.41 1. 36 45.44 

1897. 

January .... -----------·-----· 817 1. 75 1.51 4.09 

~ary •·•••·•••••••···•••• 775 1.53 1.47 

~ h ...... -------------·--·· 749 1.66 1. 44 -

a Corrected for Sundav flow. 
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Flow of 'water j1·om Seba.go Lake, 1887 to 1897-Continued. 

I· Year and month. 

EX1ivalent in 

&IDfall fori 

A. verage flow Equivalent cu ic feet per 
<luring work- in inches on second of con-
ing<l"ays of drainage tinuous flow 
month, 24 area for per squ[\re mont.b. 

hours per day. month. a mile of drain-
age area. 

1897. 
Cubic feet pe1· 

second. Inches. 

April ......................... 545 1.16 1. 04 2.60 
lVIay ....... _ .......... ___ . __ .. 681 1.45 1.26 5.87 

June ........ --- .... - ... -----. 823 1. 76 1. 58 4.97 
July ......................... 908 1. 94 1. 68 2.62 

August.-------·-----· ........ I, 110 2.37 2.06 1. 41 
September .... __ .......... _ .. 973 2.08 1. 86 2.34 
October ..... ____ ............ _ 973 2.08 1. 80 0.46 

November ........ ---- .... ---- 850 1. 75 1. 57 6.69 I Decem beL __ .. __ .. .' .... '·----. 883 1. 89 1. 64 

§ Year ................... 841 21.42 
-I 

1.58 "' 

a Corrected for Sunday flow. 

Flow of wattw j1·ont Sebago Lake, 1887 to 1896, a1·eragecl for calenda1· months. 

Month. 

Jan nary .......... _ ... _ ....... 

February ...... ----------··--: 
March ... __ . _________ . ____ . _ .. 

April ..... _ . _ ..... _ ........... 

May .................................................... 

June .... ·----· ........ , ...... 

July --- ..... --- .............. --- ...... --- .. 

August .... ---· ...... :--·- .... 
September -------- ----------· 
October ...... ------ .......... 
November ......... _._ ........ 

I December·--·-------- ____ .... 

Year .... ____ ........... 

Equivalent in 
Average flow Equivalent cubic feet per 
during work- in inches second of con
ing days of on drainage tinuons flow 
month, 24 area dur- persquaremile 

hours per day. ing month. of drainage 
area. 

Cubic feet per 
second. 

820 1. 78 1. 54 
820 1. 63 1. 55 
800 1. 74 1. 51 
880 1. 86 1. 67 
980 2.14 1. 86 
860 1. 83 1. 64 
830 1.74 1. 51 
800 1. 75 1. 52 
780 1. 65 1. 47 
760 1. 66 1. 44 
750 1. 52 1. 36 
790 1. 66 1. 44 

820 20.96 1.56 

Rainfall for 
month. 

Inches. 

3.80 
3.78 
4. 15 
3.04 
4.16 
3.18 
3.14 
3.93 
3.76 
4.00 
4.21 
3.81 

44.96 
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Surnmm·y of yield of Sebago Lake for selected twelre-rnonth periods. 

I I 

I 

Ratio of 

I 
Period. Rainfall. Run-off. run-off to 

rainfall. 
I 

Inches. Inches. Per cent. 

Oct. 1, 1887, to Oct.1, 1888 ................... 51.98 24.31 47 
Oct. 1, 1888, to Oct. 1, 1889 ................... 45.18 23.89 53 
Sept. 1, 1889, to Sept. 1, 1890 ............. · .... 51.75 24.45 47 
Oct.1,1891, to0ct.1, 1893 (mean fortwoyears) 4.0. 07 18.48 46 
Dec. 1, 1893, to Dec. 1, 1894 ................... 40.80 17.43 

I 
43 

Aug. 1, 1894, to Aug. I, 1895 .................. 34.36 16.27 47 L Y::~~;verag~: .J~~:.1:.~887,.t~ Jan:. 
: 

~ 44.96 20.96 

SACO RIVER. 

The remote source of Saco River is in the White Mountain region of 
New Hampshire, within a quarter of a mile of the Crawford House, at 
an elevation of nearly 1,900 feet above the sea. Thence the stream flows 
southeasterly into Maine, and after running 105 miles, rpeasured from 
its source, discharges into Saco Bay, 15 miles to the southwest of Port
lancl. The drainage basin contains about 1, 750 square miles, equally 
divided between Maine and New Hampshire. The upper portion is 
mountainous and heavily wooded, succeeded lower down by less rugged, 
undulating surfaces, and finally subsiding, as the sea is approached, 
into a level and cleared country. The surface covering is mainly sand 
and gravel, but granite crops out abundantly throughout the basin. 

For the first 12 miles. from its source the Saco is a mountain rivulet 
in summer and a torrent in spring, falling over 1,100 feet in the entire 
distance, or about 90 feet per mile. In the next 182- miles the average 
slope in successive intervals steadily diminishes from 28.5 feet per mile 
to 6.8 feet per mile, the fall in the entire distance from the western 
boundary of the town of Bartlett to t.he railroad crossing at Conway 
Center amounting to 333 feet. Next follows a long stretch of dead 
water, with a fall of only 69 feet in 28 miles, or 2.5 feet per mile. Then 
are encountered the Great Falls, at the town of Hiram, where the 
Saco descends 7~ feet in about 900 feet; and finally, for the 40 miles 
to tide water at Biddeford and Saco, the fall amounts in the aggregate 
to 271 feet, or about 6.6 feet per mile as an average. The details of 
drainage area at different points and of fall, substantially as given by 
Prof. George F. Swain in Volume XVI, Tenth Census of the United 
States, are presented below: 

Drainage areas of Saco Rit•er. 
Sq. miles. ' Sq. miles. 

Fryeburg .............. ___ .... _.. 439 I Salmon Falls. . . . . . . . • • • • . . . . . . . . . 1, 628 
Great Falls, at Hiram . . . . . . . . . . . . 856 j Union Falls ...................... 1, 677 
Highland Rips . . . . . . . . . . . . . . . . . . . 1, 366 Saco an(l Biddeford . . . . . . . . . . . . . . 1, 734 
Bonny Eagle Falls . . . . . . . . . . . . . . . 1, 578 : Mouth . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 753 
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Locality. 

Fall in Saco Riven·. 

I Distance 
from Height 

above 
tide. 

Fall be· 
tween 
points. I I 

Average 
Distance fall per 
between mile be· 
points. tween 

1 
points. l

mo~th of 
river. 

1-------------,---____ , ____ - -----

Source of river .......... _ ..... . 

1.;Vestern boundary of Bartlett .. 

Mouth of Rocky Brabch ....... . 

Mouth of Ellis River .......... . 

Portsmouth, Great l!"'alls and 

Conway R. R. crossing ....... . 

Conway Center, R. R. crossing . 

Head of Great Falls .. _--· .... _. 
Foot of Great Falls ... __ .... __ .. 

Mouth of Ossipee River .... _ .. _. 

Tide water at Biddeford and 

Saco. ·----· ·----· ··---· ·----· 

Miles. 

104 
91.5 

85 
83 

78 

73 

4-5 

44.8 
40 

4 

Feet. 

1, 880 1} 
7451} 
560 

511 1\ 
4-46 } 

412 } 
343 
271 } 

26: } 

Feet. 

1, 135 
185 

49 

65 

/ .iJ[iles. 

12.5 
6.5 

2 

5 

Feet. 

90.8 

28.5 

24.5 

13 

34 5 6.8 
69 28 2.5 

I 

72 900 feet. 1 ••••• __ • 

271 40.8 6.6 

The important portion of the river, as regards water power, is that 
extending froni Great Falls to tide water, covering, as bas been noticed, 
271 feet of fall in about 40 miles, with a drainage area increasing from 
856 to 1, 734 square miles. The principal owner of power is the Saco 
Water Power Company, controlling privileges at Biddeford and Saco, 
Union Falls, Salmon Falls, and Hiram. 

UTILIZED POWER. 

At Biddeford and Saco the river falls over trap ledges, giving a 
total descent from above the upper dam to tide water of about 40 feet, 
fluctuating somewhat with the tide. At the upper dam, where the 
fall is 6~ feet, the power is used only by a sawmill. The remaining fall 
of 33 or 34 feet, constituting the principal power, is utilized by three 
cotton manufacturing companies. The York J\'lanufacturing Company, 
whose mill is on an island in the river, owns 11 mill powers, corre
sponding with 30 feet of fall to 275 cubic feet per second of water, or 
937 gross horsepower. Of the remaining power the Pepperell Manu
facturing Company owns four-sevenths and the Laconia Manufacturing 
Company three-sevenths. These two companies control the Saco 
Water Power Company, the nominal owner of the power. Their mills 
are on the south bank of the river, where by a dam across tbe south 
arm i}he total fall of 33 or 34 feet is divided into two falls of about 
equal amount, the Pepperell company using the upper and the Laconia 
the lower. The two companies have a total of about 4,500 horse
power of turbines, but can obtain tbe full capacity of these probably 
not more than two-thirds of the year, duting the rest of the time 
having to rely largely upon steam power, of which they have 3,700 
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horsepower. The pondage here is small, but is sufficient at points 
upstream to store all the night flow in low stage8. 

At Union Falls, seme 8 miles above Saco, a fall of 15 feet is caused 
by a dam maintained for the purpose of holding storage above. This 
dam is owned by the Saco Water Power Company, as is also the suc
ceeding one, 20 feet high, at Salmon Falls; but the power at both of 
them, as well as that represented in considerable rapids below the 
dams, is unutilized. At Salmon Falls, shown in Pl. XV, B, the total 
descent is said to be 62 feet in 3,500 feet, the rive~ running through a 
narrow, rocky channel, with almost vertical banks. The next privilege 
is at Bar Mills, at which point the Portlaud aud Rochester Railroad 
crosses the river. A fall of 18 feet is available here, and the power is 
partly utilized by a furniture factory, a gristmill, and two sawmills. 
Four or five miles above are Moderation Falls, at which a head of 16 · 
feet is obtained, the power being used for sma.Il woolen mills and saw
mills. A mile or two farther upstream, and somewhat less than 20 
miles due west of the city of Portland, are Bonny Eagle Falls, the 
power at which is for sale by the E. T. Burrowes Company, of Port
land. A small sawmill situated on an island at the head of the falls 
is the only present user of power. Below the dam heavy rapids extend 
for perhaps half a mile downstream, giving a total fall on th~ privi
lege of 48 feet. The power is an important one, and the site pre
sents favorable features with respect to pondage and facilities for 
improvement. 

Five or six miles above Bonny Eagle are heavy rapids extending a 
third of a mile along the stream, constituting what are known as Lim
ington Falls; and again, about a mile farther up the river, are other 
rapids a quarter of a mile in length. The fall at these two localities 
is given by Wells 1 as 65 feet and 26 feet, respectively, but the figures 
seem much too high. At the head of the lower or principal falls the 
banks are rather low on each side, but a short distance downstream 
there is a rocky island and the river banks are also of ledge, offering a 
favorable location for a dam. The river is probably from 250 to 350 
feet wide in this portion of its course. The next water power is at 
Steep Falls, about 2 miles up the river from the upper rapids just 
mentioned, and some 25 miles above the power at Saco a.nd Biddeford. 
At this point a log dam, seventy-five years old, gives a fall of about 12 
feet at the maximum, power being used by a gristmill, heading mill, 
and shingle mill. Above Steep Falls there are said to be occasional 
rapids along the river, probably the most prominent being High
land Rips, before reaching Great Falls, in Hiram, shown in Pl. XVI, 
which are about 45 miles above the mouth of the river. Here the Saco 
descends in successive pitches a total of 72 feet in 900 feet. An island 
divides the stream at the head of the falls, the banks are of ledge, and 
the topography appears favorable for the development and utilization 
of t.he !JOwer. The :Maine Oentral.Railroad from Portland to Conway 

1 Water-Power of Maine, p. 338. 
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skirts the east bank of the river at the foot of the falls. This privilege, 
which is one of exceptional importance, is owned by the Saco Water 
Power Company, and is entirely unimproved . 

.Above Great Falls there is quiet water for some30 miles, constituting 
valuable pondage for the privilege just described; but beyond this 
stretch the river has too small a drainage area and too variable a flow 
to demand attention here. 

CHARACTERIS~riCS WITH RESPECT TO FLOW. 

No records are available of actual measurements of the Saco. In his 
report of 1869 Wells states t that in a summer drought the discharge at 
Saco was equal to 300 cubic feet per second, average for the twenty-four 
hours; and in his report of1880 Professor Swain estimated 2 the minimum 
flow there at not far from 250 cubic feet per second, average for the 
twenty-four hours. Owing to the mountainous character of the upper 
basin, that part of the river is subject to excessive fluctuations in vol
ume, which are reduced, however, in the lower river by the natural hold
ing back of the floods at the head of Great Falls and by the effect of the 
gentler slopes of the lower basin and the storage in its lakes and ponds. 
The extreme range between high and low water is given by Wells as 
12 feet at Great Fall~, 6 feet at Bonny Eagle Falls, and from 8 to 10 
feet at Saco. The lakes in the basin are numerous, though not large, 
and, according to Wells, comprise 84 square miles of surface. The 
Saco Water Power Company itself con trois Great Ossipee Lake, cover
ing 3,809 acres, with 5 feet of storage; Moose Lake, covering 1,648 
acres, with 9i feet of storage; and four other ponds, ranging in size 
from 150 to 525 acres and in depth of storage from 4 to 9 feet. 

The largest tributary of the Saco is the Ossipee, which discharges 
from the west not far below Great Falls. It heads in Ossipee Lake, in 
New Hampshire, and has a length of about 20 miles, with a drainage 
area of 470 square miles. The storage in O~sipee and other lakes 
serves to render the flow quite uniform, and this fact, combined with 
the considerable fall, amounting to 142 feet below the source, gives the 
stream value for power. 

NORTHERN ATLANTIC STREAl\IS OTHER TH.AN THOSE OF 
1\IAINE. 

MERRIMAC RIVER . 

.A record of the daily discharge of Merrimac River at Lawrence, 
Massachusetts, bas been kept for a series of years by Mr. Hiram F. 
Mills, engineer of the Essex Company. In Bulletin No. 140, p. 34, were 
published. the monthly estimates for the years 1892 to 1895, inclusive. 
The record for 1896 and 1897 has also been obtained from Mr. Mills and 
his assistant, Mr. R . .A. Hale, and is given herewith, together with 
revised figures for the years 1890 to 1895, inclusive. 

Mr. Hale calls attention to the fact that the minimum discharge in 

I Water-Power of Maine, p. 76. 2 Tenth Census U.S., Vol. XVI. Part I, p. 72. 
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second-feet does not l1ave the same significance as in the case of a 
river not so completely controlled by dams. During dry months the 
lowest flow or quantity in the river usually occurs on Sunday, when 
the water is held back by the Lawrence dam and. by other milldams 
at points above. The quantity flowing at these times is merely the 
leakage through the canals and other structures. Thus the minimum 
discharge recorded at this time l1as no connection with the natural 
flow of the stream, as in times of drought an attempt is made to hold 
all of the water. If the ponds are drawn down on Saturday there may 
be no flow on the following day. Thus for purposes of comparison it 
is desirable to tala~ not the minimum flow per day but rather that for 
a week or ten days in succession. 

17, 500 -.+-+--H~-

15, 000 -.+-+--H~-

25, ooo H-+-+--+-1-+-t--t-H-+-+-HI-t-illt--lf-1-.Jt----t-t-+-+-t-+-IH-t--t-t-t-t-+IH 

22, 500 l--+--f--+-+-ll-+-+-+-l-llrii--+-H-l-+-:-!II+-I-+E--t-I--+-+-+--1---1-+-+-+-'H-+-+IH 

FIG. 25.-Discba.rge of Merrimac River at Lawrence, Massachusetts, 1896 and 1897. 
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Estimated monthly clischm·ge of Merrimac Rive1· at Latvrence, Massac~usetts. 
[Drainage area, 4,553 square miles.]. 

~Month. 
Discharge in second-feet. Run-off. 

I Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

------
1890. 

Jan nary. _ .• _ ... __ .. 10,480 4, 280 6,955 427,646 1. 76 1.53 
February .......... 21,300 . 3, 750 7, 721 428,802 1.77 1. 70 
March ............. 25,200 8,150 15,667 963,326 3.97 3.44 
April .......... __ .. 24,350 11,630 17,244 1,026,089 4.23 3.79 
May ............... 24,500 7, 980 14,285" 878,350 3.62 3.14 
June ............... 13,900 2,850 7,881 468,952 1.93 1. 73 
July ............... 6,560 620 3,161 194,362 0.79 0.69 
August .......... _ .. 12,700 590 3,406 209,426 0.86 0.75 
September ......... 22,990 3,350 8,397 499,656 2.05 1. 84 
October ............ 31,450 4,480 12,314 757,158 3.11 2.70 
November .. __ ...... 15,260 4, 130 8,871 527,861 2.18 1. 95 
December .......... 13,560 3,660 6,573 404,158 1.66 1. 44 

------
The year ..... 31,450 590 9,373 6,785,786 27.93 2.06 

------
1891. 

January ............ 32;200 4, 760 13,298 817,662 3.37 2.92 
February ... ___ .... 29,800 7, 870 13,499 749,696 3.08 2.96 
March ..... _ ....... 41,200 11,750 23,618 1,452,214 5.98 5.19 
April . _ .. __ ........ 31,700 11,480 21,519 1,280,469 5.28 4.73 
May ................ 11,270 4,540 7,347 451,749 1.86 1. 61 

June.--··-----·--·- 7,600 2,430 4,542 270,268 1.11 1.00 

July----······----- 4,040 730 2,895 178,007 0.74 0.64 
August. _. _ ......... 5, 120 640 2,460 151,259 0.62 0.54 

September ... ------ 3,830 580 2,544 151,378 0.62 0.56 
October ............ 2,680 450 2,137 131,399 0.54 0.47 
November .......... 5~ 400 280 2,469 146,916 0.60 0.54 
December---- ...... 14,130 760 4, 113 252,899 1. 04 0.90 

------
The year ..... 39,000 280 8,370 6,033,916 24.84 1.84 

------
1892. 

January ... _ .. _ .. _ . ~ 20,400 3,170 8,524 524,120 2.16 1. 87 
February .. __ ...... 

7
_ 7,170 1, 890 4,302 247,454 1.01 0.94 

March ..... __ .... __ . 13,510 3;790 7,330 450,704 1.86 1.61 
ApriL---- .......... 16,600 4, 410 8,150 484,959 2.00 1.79 
May. ___ .... _ . ______ 24,800 4,300 10,233 629,203 2.59 2.25 

June ..... ---···---- 14,120 2,960 5,819 346,255 1.43 1.28 
July ............... 13,030 360 4,757 292,497 1.21 1. 05 
August ............. 21, 600 500 4,807 295,570 1.22 

~ September .. ___ .... 8,260 565 3,944 2:J4,684 0.97 7 

19 GEOL, PT 4--8 
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Estimated 1nonthly discha1·ge of Jtle1'1'intac Riuer at Law1·ence, MassachMsetts-Continued. 

Discharge in second -feet. 

1----:-----:---1 
_Run-~ 

~I Month. Total in acre
Maxi
mum. 

Mini
mum. Mean. 

feet. Depth in feet per 
inches. square 

mile. 
1---------1--------------1---1----1 

1892. I 

October ............ 

1

1 3, 195 225 2, 136 

November .......... 21,900 1, 995 6, 494 

December .......... ! 5, 830 2, 640 3, 931 

131,338 0. 54 

386,419 1. 60 

241, 708 0. 99 

0.47 

1.43 

0.86 

The year ..... I 24, 800 225 5, 869 

!=---
1893. i 

., 264, 911 I" 17. 5~ =1=.=29=l 

I 710 2,949 January ............ 
1 

6, 869 

February ........... 11,493 1,142 4, 995 

March. . . . . . . . . . . . . . 25, 808 3, 096 10, 723 

April. . . . . . . . . . . . . . . 20, 100 11, 270 15, 563 

May ............. ·... 44, 800 7, 230 19, 504 

June............... 6, 845 

July............... 3, 665 

August............. 6, 554 

September . . . . . . . . . 6, 246 

October........ . . . . 11, 380 

3,115 4,404 

305 2,389 

435 2,582 

1,211 

286 

2,782 

3, 614 

I 
181, 327 0. 75 

277,409 1. 15 

659, 331 2. 72 

926,063 3. 82 

1,199,254 4.93 

262, 056 1. 08 

146, 893 0. 60 

158,761 0. 66 I 
165,540 

222,215 

November.......... 6, 290 1, 430 3, 366 200,291 

0.68 

0.91 

0.82 

1. 35 December .......... 
1 

8, 445 3, 240 5, 329 327, 667 

0.65 

1. 10 

2.36 

3.42 

4.28 

0.97 

0.52 

0.57 

0.61 

0.79 

0.74 

1.17 

1. 43 The year ..... ! 44,800 286 4., 850 ~-4-, 7-2-6,_8_0_7_
1

--19-.-4-7 

1894. j--- --- ====l====l 

January............ 5, 000 1, 000 3, 022 

February . . . . . . . . . . 9, 600 I 1, 000 4, 274 

:March . . . . . . . . . . . . . 27, 900 I 3, 100 14, 375 

April. . . . . . . . . . . . . . . 20, 880 6, 720 11, 085 

:May . . . . . . . . . . . . . . . 19, 130 2, 54-0 6, 992 

June ............... 15, 150 2, 310 

July .......... _ . . . . 3, 712 223 

August.. . . . . . . . . . . . 2, 524 193 

September . . . . . . . . . 4, 063 104 

October............ 3, 589 209 

November ......... . 

December ......... . 

5, 935 1, 479 

5,1981 961 

6, 033 

2,278 

1, 695 

1, 831 

2,254 

3,549 

3,033 

185,815 

237,336 

883,884 

659,603 

4_29, 921 

358,988 

140,069 

104,221 

108,951 

138,593 

211, 180 

186,491 

0.76 

0.98 

3.64 

2.71 

1.78 

1.48 

0.58 

0.43 

0.45 

0.58 

0.87 

0.77 

0.66 

0.94 

3.16 

2.43 

1.54 

1.33 

0.50 

0.37 

0.40 

0.50 

0.78 

0.67 
------,---1-----1----1----1 

5, 035 3,645,052 The year .. __ . 27, 900 ~~ 

1895. ------l===l:====l 

January...... . . . . . . 4, 078 710 2, 887 177,514 

February . . . . . . . . .. 3, 4321 877 2, 319 128,790 
March . . . . . . . . . . . . . 10, 480 1, 595 I 5, 857 360, 133 

15.03 

0.72 

0.531 
1.48 

1.11 

0.63 

0.51 

1. 28 
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Estimated monthly discha1·ge of .Merrirnac Ri1:er at Law1·ence, Massachusetts-Continued. 

Discharge in second.-feet. Run-off. 

I Month. Total in acre- Second-
::\fa:xi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

---

1895. 
ApriL ... ____ ...... _ 65,300 6,740 19,840 1,180,561 4.85 4.35 
May - - .. ~ ..... - - .. .. . - ... - . 9, 950 2, 64-9 6,233 383,252 1. 58 1.37 
June __ . - ........... 4,701 569 3,038 180,773 0.74 0.67 
July _______ .. _ .... _ 4,274 257 2,583 158,822 0.66 0.57 
August .. ______ .. __ . 3,409 307 2,180 134,043 0.55 0.48 
September _ .... ___ . 2,974 71 1, 673 99,n51 0.41 0.37 
October -__ . _ .. _ ... _ 11,959 429 4,010 246,565 1. 01 0.88 
November ____ -··--- 19, 100 3, 422 9,558 568,740 2.34 2.10 
December .... -·-··- 17,100 4, 580 9, 404 578,229 2.38 2.06 

----------
The year ____ . 65,300 71 5, 799 4, 196, -973 I 17.25 1.27 

1896. =! 
January .. _________ . 21,600 3,335 6,546 402,497 1. 66 1. 44 
February .. _ .. _ .... 27,000 2, 160 9, 109 523,956-p 2.16 2.00 
March __ ..... _____ . 82,150 8,100 21,054 1,294,560 5.33 4.62 
April ____ ........... 30,100 9,120 18,234 1,084,998 4.46 4.00 
May _______________ 8,040 1,920 4,438 272,882 1.13 0.98 
June.------ ____ ---- 5,720 1,080 3,518 209,335 0.85 0 .. 77 

July--------------- 3, 278: 203 2,042 125,557 0.52 0.45 
August. ......................... 3,209 183 2,019 124,143 0.51 0.44 
September _____ .... 5, 919 620 3,122 181,785 0.74 0.67 
October. _______ .. __ 10,749 2,282 5,186 318,875 1. 31 1.14 
November .. __ ...... 19,573 3, 564 6, 662 396,416 1. 63 1. 46 
December __________ 8, 046 1,520 4, 359 268,025 1.10 0.96 

------
The year ____ . 82,150 183 7, 187 5,203,029 21.40 1. 58 

------
1897. 

January ....... _ ... _ 7, 325 1, 721 3,409 209,611 0.86 0.75 
February ____ ...... 9, 427 1,902 4,571 253,862 1. 05 1. 01 
March _____________ 18,717 3,636 10,571 649,985 2.68 2.32 
April __________ .... 24,513 10,947 17,612 1, 047,928 4.32 3.87 
l\fay ------ _________ 24,681 5,676 10,117 622,070 2.56 2.22 
June. ____ ·--- ______ 40,872 I 5, 246 12,708 756,179 3.11 2.79 
July .... _____ ------ 41,499 3,370 10,799 664,004 2.74 2.37 
August.------ ...... 9, 220 2,860 5,072 311,865 1. 29 1.12 
September ____ ---·- 4,460 1,044 2,759 164,172 0.68 0.61 
October .. __ .... ____ 3,so5 176 2, 207 135,703 0.55 0.48 
November .......... 9,714 2,374 5,827 346,731 1. 43 1. 28 
DecembE.'r ...... ____ 36,800 3,216 10,376 637,995 2.63 2.28 

------
23.90 1 

The year _____ 41,499 i 176 8,002 5, 800,105 1. 76 
I 
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CONNECTICUT RIVER. 

The daily flow of Connecticut River at Holyoke, Massachusetts, bas 
been computed by engineers of the Holyoke Water Power Company 
The results of their computations have been obtained through the 
kindness of Mr. A. F. Sickman. The figures, by months, from 1880 to 
1895 are published in Bulletin No. 140, on pages 37 to 41. The princi
pal facts for the flow during the years 1896 and 1897 are contained 
in the following table, and the daily fluctuations are shown in fig. 26. 
The quantities obtained from Mr. Sickman are the average daily 
amount drawn from the pond above the dam, and represent the dis
charge of the river except at such times as the surface falls below the 
crest of the dam when the water is ponded over night and during 
Sunday. ' 

Esti·m,ated nwnthly discha1·ge of Connecticut River at Holyoke, MassachusettH. 

[Drainage area, 8,660 square miles.] 

~Month. Discharge in second-feet. Rnng 
Total in Second-acre-feet. Maxi- Mini- Mean. Depth in feet per 

• mum. mum . inches. square 
mile. 

---
1896. 

January ... ---. __ ... 47,350 5,800 10,882 669,108 1. 45 1. 26 
l!,ebruary . ----. - ... "'. 20, 750 4,800 9,096 523,208 1.13 1.05 
March .... ---------- 112,050 8,550 27,216 1, 673,446 3.62 3.14 
April._ . _ ..... _ .. _ . _ 89,200 17,700 42,363 2,520,773 5.46 4.89 
May··------------- 18,300 4,850 9,684 595,446 1. 29 1.12 
June ....... __ ... __ . 8,850 2,550 5,357 318,764 0.69 0.62 
July ..... ---------- 6, 050 750 3,684 226,520 0.48 0.42 
August ....... ------ 4,650 450 2,965 182,311 0.39 0.34 
September----.---- 8,450 700 4,768 283,715 0.61 0.55 
October .. _ ..... ___ . 22,100 3,500 10,971 674,580 1.46 1.27 
November .......... 30,450 7, 900 14,115 839,901 1.82 1.63 
December .... ------ 17,900 3,400 7,624 468,782 1. 01 0.88 

------
The year.---- 112,050 450 12,394 8,976,554 19.41 1. 43 I ------
1897. 

January ... ___ ... _. _ 10,350 2,300 5,011 308,114 0.67 0.58 
February ------ ____ 14,250 2, 550 5,780 321,005 0.70 0.67 
:March ...... ------. 34,650 3,500 14,471 889,786 1.93 1.67 
April -- ~- -.. -- ... ---. 50,950 21,900 35,478 2,111,088 4.58 4. 10 
May--------------- 44,050 12,450 22,524 1,384,946 3.00 2.60 
June ... _ ........ _ .. 75,350 7, 900 22,320 1,328,132 2.88 2.58 
July ..... -.. ___ ... _ 58,350 7,650 23,458 1,442,376 3.12 2.71 
August.------------ 22,350 6,450 10,792 663,574 1.44 1. 25 
September--------- 6,200 2,250 4, 313 256,641 0.56 0.50 
October .. _ ...... ___ 5,300 1, 300 3,668 225,536 0.48 0.42 
November .... ------ 29,550 3, 850 14,880 885,422 1.92 1.72 

1 December .......... 70,650 8, 950 21,779 1,339,139 2.89 2.51 

The year ____ . 75,350 ! 1, 300 115, 373 11,155,759 24.17 1.78 
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FIG. 26.-Discharge of Connecticut River at Holyoke, Massachusetts, 1896 and 1897. 

HUDSON RIVER. 

A daily record of the height of water passing over the dam of the 
Duncan Company at Mechanicville, New York, has been kept, with few 
omissions, since 1887, as described in the Report on the Upper Hudson 
Storage, prepared by George W. Rafter.1 

From this and other records a computation bas been made by Mr. 
Rafter of the daily flow of the river, using the formula derived from 
East Indian engineers, which, according to his experience, seemed to be 

1 .Annual Report of the State Engineer and Surveyor of the State of New York for the fiscal year 
ending September 30, 1895, .Albany, 1896.p.104. 
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most applicable to the prevailing conditions. To values thus obtained 
there has been added the tabulated quantity of water discharged by 
the di.fl:erent water wheels while in use. The :figures for this purpose 
have been taken from the published tables of the several makers, which 
show the probable discharge under various heads. The height of water 
on .the crest of the dam has been taken at 7 a. m. and 5 p. m., and the 
head of water on the wheels has also been obtained from two observa
tions daily. Discharges for Sundays and other days during which the 
wheels were not running have been obtained by averagiug the figures 
for the day preceding and that following. 

55, oool-l--t--l--+-l-++-~-l--I-+-1~++--1H--+H-t--+-+-l-+-+-t-t-t--t-t-t-t--t-i 

50, oooW-I---+-~-++-t--4-+._-l-1rl-+~f+-\-H-t-++-lrl-+-H-++H-T-H 

45, ooo W-+--l-+--l-++-~-l-a-+-1H-++--1H-+H-t--+--H-+-t-t-t-t--t-t-t-t--H 

25, 000 1-+-+--1-~---+-+-+-+ 

60, 000 l-l--+--+-+-+-+-+-t-1--+-+-+--t-+-t-+-t-t--t--l--+-+-+-+--t-t-+-t-+-t-+-t-+-+-+-t 

55, ooo 1-+-+--+-W+-+--cf--+-l-+-H-++-H--f-+-'1-+-++-H-t--t-H-t---1-t-t-t--t-i 

50, 000 l-+-+--l-~-++-1---t--+-+-+-+-+--+--H-t--t-l-+-t--t-t-t-t--t-r-t-t--t-r+-+--t-i 

45, 000 J-+.-+--l---I--+-1---Hf--t---+-+-~-+--+-+-+-+-~l-+--t--t-l-+-t--l-1-+-t-+-11-+-t-t---l 

40, 000 J.-.4-+--+-+-+-+-+-t-1--+-+-+--t-+-t-+-+-t-+-l--+-+-+-+--t-t-+-t-+-t-+-t-+-+-+-1 

30, 000 J-+-+--+-+-+-+~1--4-+-+-+-4-+--+-+-+-l--!-t-!l-+-t--t-l-+-t--l-1-+-t-+-11-+-Ht---l 

20, ooo 1-+-l--+-+---t++-1-1+-&-,II-IH-l++-8-+-f-+li~-t-+-H-t-+-t-+-t--Hf--+tt-IH 

15, 000 1-+-+--t-4--f-hr+.--

5,000 

0 

FIG. 27.-Discharge of Hudson River at Mechanicville, New York, 1896 and 1897. 
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Results of these computations have been published in Pis. III, IV, 
V, and VI of the Report of the State Engineer for 1895, coverinf; the 
period from October 1, 1887, to November 30, 1895. Figures for the 
succeeding period have been obtained from Mr. Rafter. Results by 
months and years are given in the following table: 

Estimated monthly discha1·ge of Hnclson River at Mechanicville, New York. 

[Drainage area, 4,500 square miles.] 

Discharge in second-feet. Run~ 
Total in acre-

. 
Month. feet. Second-

Maxi- Mini- Mean. • Depth in feet per 
mum. mum. inches. square 

mile. 

------
1890. 

January ........... 19,000 .5, 500 11,272 693,089 2.89 2.50 
February .. __ ...... 17,680 4, 680 7, 813 433,912 1. 81 1.74 
March ..... ____ .... 20,430 6,780 11, 129 684,296 2.85' 2.47 
April . ____ . ____ . _ .. 21,930 8, 630 15,053 895,716 3.74 3.35 

May-·------------- 25,080 12,900 17,931 1,102,533 4.59 3.98 

June.----··-------- 11,030 2,630 7,392 439,854 1. 83 1. 64 

July.---------- .... 2,800 1,410 1,950 119,900 0.49 0.43 

August.-----" ...... 4,880 1,030 2,019 124,143 0.52 0.45 
September . ____ . _ .. 26,000 2,200 8,844 526,254 2.20 1.97 
October . ____ ... __ .. 22,530 3,410 9, 215 566,608 2,37 2.05 
November .. __ ...... 15,500 5,450 9,121 542,738 2.26 2.03 

December------ .... 5,930 2,200 3,244 199,465 0.83 0.72 
------

The year ..... 26,000 1, 030 8, 7491 6,328,508 26.38 1. 94 
------

1891. 
January ....... ---·- 21,930 2,630 8,284 509,363 2.12 1. 84 

February·----· .... 31,130 5,500 11,664 641,785 2.70 2.59 
March ............. 27,730 9,080 17,738 1,090,667 4.54 3.94 
April. . ___ ... ___ .... 33,100 10,700 20,021 1, 191,333 4.96 4.45 

May-·---~---·- .... 9,530 3,630 5,533 340,211 1. 42 1. 23 

June.·------------· 8,930 1,630 3,200 190,413 0.79 0.71 
July.·----· ____ ---· 3,450 1,350 2, 337 143,696 0.60 0.52 
August. __ .......... 10,530 1,210 2, 666 163,926 0.68 0.59 
September ......... 3,.450 1,080 2,040 121,388 0.50 0.45 
October . _. _ ..... _ .. 2,380 850 1, 472 _90, 510 0.38 0.33 
November. ____ ..... 11,100 950 4,088 243,252 1. 01 0. 91 
December .. __ ...... 20,530 4,680 8,577 527,380 2.20 1. 91 

The year ..... 33,100 ! 850 --, 7,302 5,259,924 21.90 1. 62 
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Estimated rnonthly discharge of Hudson River at Mechqnicville, New York-Continued. 

i 
Discharge in second-feet. 

1------~----~----! 
Month. 

1892. 

Maxi
mum. 

J auuary.. .. . . .. .. .. 33, 520 

February . . . . . .. . . . 11, 620 

Ma:r;ch .. .. .. . . . . .. . .15, 700 

ApriL .............. 43,910 

May.... . . .. .. .. .. .. 30, 110 

June .. .. . . .. .. . . .. . 26, 310 

July .. .. . . . .. . . .. . . 18, 800 

August ............. 18,660 

September . . . . . . . . . 10, 310 

October .. .. . . . .. .. . 3, 340 

November . . . . . . . . . . 14, 260 

December .. . . .. . .. . 5, 610 

Mini
mum. Mean. 

9,920 18,857 

7,570 9,263 

8,350 10,829 

12, 310 21, 554 

12,210 19,622 

4, 260 12, 595 

2,710 9,282 

2,960 5,485 

2,710 4,448 

2,440 2,819 

2,780 7,604 

2,460 4,031 

Total in acre
feet. 

1,159,471 

532,814 

665,849 

1,282,552 

1,206,509 

749,455 

570,728 

337,259 

264,674 

173,~33 

45!?,469 

247,856 

Run-off. 

Depth in 
inches. 

4-.83 

2.22 

2.78 

5.34 

5.04 

3.12 

2.38 

1.41 

1.10 

0.72 

1. 89 

1. 04 

Second
feet per 
square 

mile. 

4.19 

2.06 

2.41 

4.79 

4.37 

2.80 

2.06 

1. 22 

0.99 

0.63 

1.69 

0.90 
----- ---- ------1--------1------1------1 

The year . . . . . 43, 910 2, 440 10, 532 7, 6!2, 969 31. 87 2. 34 
===== ===== ===1=====1===1:===1 

1893. 

January... . . . . .. .. . 5, 010 2, 510 3, 192 196, 269 0. 82 0. 71 

February . . . . . . . . . . 8, 960 2, 860 4, 605 255, 749 1. 06 1. 02 

March ........ _ .. .. 19, 940 2, 960 8, 850 544, 165 2. 27 1. 97 

ApriL .............. 
1 

25,740 4, 410 17,889 1, 0641 470 4. 44 3. 98 

May ........ _ ........ 
1 

54, 060 7, 880 22, 285 1, 370, 251 5. 71 4. 95 

June . ____ ... __ .. _. _ 8, 010 2, 910 4, 801 285, 680 1. 19 1. 07 

July .. .. . .. .. .. .. .. 3, 060 1, 980 2, 5!31 155,010 0. 64 0. 56 

August. . . . . . . . . . . . . 26, 360 1, 380 5, 008 307, 930 1. 28 1. 11 

September _ . . . . . . . . 15, 410 3, 070 6, 870 408, 793 1. 71 1. 53 

October .......... _. I 5, 780 I 2, 360 3, 865 237, 650 0. 99 0. 86 

November ......... -I 5, 031 I 3, 010 3, 6391 216,536 0. 90 0. 81 
December .... _.____ 15, 160 3, 060 7, 217 443,756 \ 1. 84 1. 60 

I _____ I _______ I -----1------1 

The year .... -I 54,060 j 1, 380 7, 5621 5, 486, 259j 22.85 1. 68 
,======-=,===1===1 

Januar~~--- _____ .. jn, ~80 I 4, 710 6, 7571 
February .. .. .. .. .. 6, 610 3, 760 4, 836 I 
Mar_ch _ ........... -126, 560 I 5, 610 14, 738 I 
April .............. 

1

' 18, 860 , 6, 110 111 136 , 

May . . . . . . . . . . . . . . . 15, 160 \ 4, 410 7, 566 : 

June .... _ ......... -114,910 J 3, 280 7, 097 J 

I 
July . _ . _______ .. _ .. 

1 

4, 770 : 2, 120 3. 168 i 

August. . . . . . . . . . . . . 5, 200 ' 1, 800 2, 454 ' 
I j 

415,472 

268,578 

906,204 

662,637 

465,215 

422,301 

194,793 

150;890 

1. 73 

1.11 

3.78 

2.76 

1. 94 

1. 76 

0.81 

0.63 

1.50 

1.07 

3.28 

2.47 

1. 68 

1. 58 

0.70 

0.55 
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Estimated monthly discharge of Hudson River at Mechanicville, New York-Cont.inued. 

Discharge in second-feet. Run-off. 

Month. Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

---
1894. 

112,4031 September ......... 3,450 1,170 1,889 0.47 0.4:2 
October ............ 7, 850 1,82~ 3,649 224,368 0.93 0.81 
November .......... 13,030 2,630 6,379 379,577 1.58 1.4:2 
December .......... 10,120 2, 670 4, 367 268,517 1.12 0.97 

------
The year ..... 26,560 1,170 6,170 4,470,955 18.62 1.37 

------
1895. 

January ........... 5,770 2, 650 3,876 238,326 0.99 0.86 
February .......... 4:,090 2, 770 3,543 196,769 0.82 0.79 
March ............. 5,960 2,980 4,204: 258,494 1.07 0.93 
April .. . . . . .. .. .. .. 49,630 4,880 23,822 1,417,507 5.90 5.29 

May----------·--·- 14,330 3, 730 6,850 421, 190 1.75 1.52 
June.------ .... ---- 4,230 1,990 2,816 167,564 0.70 0.63 
July . . .. . .. .. .. .. .. 3,380 1,960 2,559 157,347 0.66 0.57 
August ............. , 9,500 1,960 3,901 239,863 1.00 0.87 
September ......... 3, 430 1, 960 2,629 156,437 0.64 0.58 
October ............ 4,170 540 2,631 161,774 0.67 0.58 
November .......... 30,940 2, 250 8,421 501,085 2.09 1.87 
December .......... 21,297 4,752 10,889 669,538 2.79 2.42 

------
The year ..... 49,630 540 6,345 4,585,894 19.08 1. 41 

------
1896. 

January ........... 24, 147 3, 177 6,791 417,562 1. 74 1.51 
February . __ ....... 13,327 3, 177 4,668 268,506 1.12 1.04 
March ... __ ........ 32,900 5, 602 13,600 836,232 3.49 3.02 
April .............. 59,393 9, 477 24,972 1,485,937 6.20 5.55 
May: .............. 9,050 2, 952 4,610 283,458 1.18 1.02 
June.------ ........ 8,127 2, 377 4,738 281,930 1.18 1.05 
July ............... 5,349 2, 324 2, 772 170,443 0.72 0.62 
August ............ 3, 099 2,324 2,442 150,152 0.63 0.54 
September . .. ...... 4,741 1,770 2,879 171,313 0.71 0.64 
October ... .................... 7,416 2,~16 4, 106 252,468 1.05 0.91 
November .......... 25,735 3, 332 11,352 675,490 2.82 2.52 
December .......... 13,028 3,435 6, 913 425,063 1. 78 1. 54 

------
The year ..... 59,393 1, 770 7,487 5,418,554 22.62 1.66 
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Estimated rnonthly discharge of Hudson River at .Mechanieville, New York-Continued. 

Discharge in second-feet. 
I ., 

Run-off. 
I I 

I 

Total in acre-Month. Second-
·::Maxi- Mini- feet. Depth in feet per 

mum. mum. Mean. inches. square 
mile. 

---~ '---

1897. 
January ....... ...... 6,623 2,875 4, 007 246,380 1.02 0.89 

February .... ·----· 8,450 2,820 3,895 216,318 0.91 0.87 
March ............. 23,957 2,664: 12,214: 751,009 3.13 2.71 
April .............. 

1 

25, 200 12,906 19,074: 1, 134,981 4:.73 4.24 
May ... _. _ ...... __ . 22, 550 8,4:00 12,167 748,119 3.12 2.70 
June ............. :. 27,188 4,400 11,855 705,422 2.93 2.63 
July ............... 31,060 3,932 11,109 683,066 2.8G 2.47 
August., ........ ___ . 14,290 4, 550 8, 241 506,719 2.11 1. 83 
September _ .... __ .. 4,000 2,180 2,756 163,993 0.68 0.61 
October ....... _ .... 

1 

4,110 2, 150 2, 524 155,195 0.64: 0.56 
November ...... ___ . 19,456 2, 150 9, 995 594,744 2.47 2.22 

December ......... ·1 35, 706 2,293 14,382 884, 314 1 3. 69 

'3 The year .... -~ 351 706 2, 150 9, 352 6, 790, 260 ! 28. 28 2.08 

DELAWARE RIVER. 

Delaware Hiver was measured at Delaware Water Gap, Pennsyl
vania, in 1891, by Prof. Dwight Porter and students. The results 
show a :flow of from 2,000 to 2,200 second-feet during the latter half of 
June, 1891. This was said to be the lowest June stage for five years. 
Measurements were made during the drought of 1895 by Mr. L. M. Haupt, 
by means of current-meter observations above and below the bridge at 
Point Pleasant, Pennsylvania, near the intake of the Delaware and 
Raritan Canal feeder. The discharge above the bridge was 1,657 
second-feet and below the lJridge 1,628 second-feet. 

The gaging station at Lambertville, New Jersey, was established 
July 23, 1897. It is described in Water-Supply and Irrigation Paper 
No. 15, p. 7. A sufficient number of discharge measurements on which 
to base a rating table for this station have not been made. 

SUSQUEHANNA RIVER. 

Observations of the height of water in Susquehanna Hiver have been 
made for several years at the pump house of the waterworks, located in 
the western part of the city of Harrisburg, Pennsylvania. The gagipg 
station at Harrisburg, Pennsylvania, is described in Water-Supply and 
Irrigation Paper No. 15, p. 8. .A. well is connected directly with the 
river by means of large water mains, and a :float in this well is attached 
to a cable and counterweight, the height of water being indicated on a 
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painted scale. The record since 1890 bas been furnished by Mr. E. 
Mather, president of the Harrisburg vVater Uompany, and, by means 
of measurements of discharge made at this point in 1897, the record 
has been interpreted in daily discharges. The results, by months, are 
shown in the following tables, and graphically in figs. 28 and 29. 

120, oooH-+-+-I--HH-+-a-IH-i--l-+-H-+-t-+--1H·-+-t-+-·H-+-HI+-rli-+-t--t-H 

100, ooo-...+-+-+-~HI++-a-ii-AI--+-1--l-H-+-t-+-IH-+-+--t--H-+-HH-~-+-t-+-H 

80, UUO;t-t--t--+-11-tfl-

60, UUOlt-t-+--+11-~ 

Fm. 28.-Discharge of Susquehamia River at Harrisburg, Peimsylvania, 1896 and 1897. 
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FIG. 29.-Discharge of Susquehanna River at Harrisburg, Pennsylvania, for 1897, arranged in order of 
quantity and not of date. (See description on page 31.) 

Rating table jo1· Susquehanna River at Harrisbu1·g, Pennsylvania, for 1897. 

Gaie Discharge. Gage Discharge. I h~i~\~.1 Diacharge. 
Gage ~"charge. I heig t. height. height. 

Feet. Second-feet. Feet. Second-feet. ! Feet. Second-feet. i Feet. Second-feet. 

0.0 2,000 2.6 19,300 i 5.5 61,090 12.0 177,040 
0.2 2,800 2.8 21,300 I 6.0 I 12.5 185,990 69,990 I 
0.4: 3,600 3.0 23,400 6.5 78,890 13.0 194,940 
0.6 4,500 3.2 25,550 7.0 87,790 13.5 203,890 
0.8 5,700 3.4 27,800 7.5 96,690 14.0 212,840 
1.0 6,900 3.6 30,400 8.0 105,590 14.5 221,790 
1.2 8, 150 3.8 32,800 8.5 114,490 15.0 230,74:0 
1.4 9,450 4.0 35,400 9.0 I 123,390 15.5 239,690 
1.6 10,750 4.2 38,150 9.5 132,290 16.0 .248,640 
1.8 12,300 i 4.4 41,150 10.0 141,240 16.5 257,590 
2.0 13, 9oo I 4.6 44,350 10.5 150, 190 

~ 
15,400 I 4.81 47,700 11.0 159, 140 

I 

51,400 I 168,090 17,450 I 5.0 11.5 4 
I 

I 
I 
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EBtirnated rnonthly diBcllarge of SuBquehanna River at HarriBbttrg, PennBylvania. 

[Drainage area, 24,030 square miles.] 

IM~~-
Discharge in second-feet. Ron·g 

I Total in aore-
Second-feet. 

Maximum. Mini· Mean. Depth in feet per 
mum. inches. square 

mile. 

-1891. 
January ......... 138,555 21,800 73,052. 4,491,792 3.51 3.04 
February ........ 302,300 62,880 140,790 7, 819,080 6.10 5.86 

March ...... ·.---. 1119,140 45,150 99,105 6,093,728 4.76 4.12 
April ............ 123,390 33,450 81,044 4,822,453 3.76 3.37 
May ............. 30,400 13,900 19,384 1, 191,875 0. 93. 0.81 
June ............. 72,675 13,100 25,630 1, 525,091 1.19 • 1.07 
July ............. 40,400 12,700 21,752 1,337,479 1. 05 0.91 
August ........... 80,680 13,900 30,900 1,899,967 1. 49 1.29 
September ....... 45,150 11,909 23,649 1,407,214 1. 09 0.98 
October .......... 45, 150 10,750 18,810 1, 156,582 0.90 0.78 
November ........ 77, 150 13,900 34,024 2,024,568 1. 58 1. 42 
December ........ 132,290 29,100 63,289 3, 891,489 3.03 2.63 

---
The year ..... 302,300 10,750 52,619 37,661,318 29.39 2.19 

1892. 
January ......... 197,625 14,600 80,041 4,921,529 3.84 3.33 
February ........ 48,600 7,500 22,244 1, 279,489 1.00 0.93 
March ........... 194,940 18,300 51,578 3,171,408 2.48 2.15 
April ......... · ... 224,475 25,025 80,250 4, 775,206 3.73 3.34 
May ............. 120,755 21,800 67,999 4, lSi, 095 3.26 2.83 
June ............. 185,990 26,100 65,704 3,909,659 3.04 2.73 
July ............. 45,150 9, 450 19,469 1, 197, 101 0.93 0.81 
August ........... 37,450 12,700 18,886 1,161,255 0.91 0.79 
September ....... 22,300 7, 510 11,713 696,972 0.54 0.49 
October .......... 9,450 4,000 6,255 384,604 0.30 0.26 
November ..... : .. 30,400 4,000 11,123 661,865 0.52 0.46 
December ........ 38,900 6,300 16,436 1.010,611 0.78 0.68 

The year ..... 224,475 4,000 37,641 27,350,794 21.33 1. 57 

1893. 
January ......... 21,800 13,900 15,960 981,342 0.76 0.66 
February ........ 169,880 19,800 56,053 3, 113,026 2.43 2.33 
March ........... 223,580 18,300 94,556 5,814,021 4.53 3.93 
April ............ 157,350 54,363 105,555 6,280,959 4.90 4.39 

~-------- 257,590 31,000 91,246 5,610,498 4.39 

iRJ ................. 31,000 .10, 750 18,852 1,121,771 0.87 8 
..................... 16,775, 6,300 10,750 660,992 0.52 5 
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. Estimated rnonthly dischm·ge of Susquehanna River at Harrisburg, Pennsylvania-Cont'd. 

I 

Run~ Discharge in second-feet. 

Month. Total in acre- Second-
Mini- feet. Depth in feet per Maximnm. Mean. I inches. mnm. square 

mile. 

1893. 
August ........... 24,500 . 3,400 5,690 349,865 0.28 0.24 
September ....... 41,150 10,100 18,948 1,127,484 0.88 0.79 
October .......... 58,313 8,475 18,972 1, 166,543 0.91 0.79 
November ........ :31,000 10,750 15,789 939,511 0.73 0.66 
December ........ 120,755 13,900 40,509 2,490,801 1.95 1. 69 

The year ... 257,590 3,400 41,073 29,656,813 23.15 1.71 

1894-. I 
January .......... I 56,338 17, 250 I 26, 921 1, 655,308 1.29 1.12 
February ......... I 69,990 13,900 31,656 1, 758,084 1. 37 1.32 
March ....... _ ... i 179,725 25,025 70,347 4, 325,468 3.38 2.93 
ApriL ........... _, 139,450 20,800 66,354 3,948,337 3.07 2.76 

~::~ ~ ~ ~ ~ ·_ ~ ~ ~ ~ ~ ~ ~ ~ : 454,900 16,775 98,863 6, 078,848 4.75 4.11 
134,975 17,250 50,340 2,995,438 2.34 2.10 

July ........... _-_
1 

19,300 6,900 10,548 648,571 0.51 0.44 
August ........... , 11,125 3,600 6,935 426,416 0.33 0.29 
September ........ 1 63,775 3,000 17,399 1,035,313 0.80 0.72 
October .......... j 62,880 8,475 25,875 1,590,991 1.25 1. 08 
November ........ I 99,375 18,300 24,655 1, 467,075 1.15 1. 03 
December ....... -\ 76,255 16,775 35,070 2,156,370 1. 68 1. 46 

The year ... 1
1 

454,900 3,000 38,747 28,086,219 21.92 1. 61 

I 
I 

1895. 
January .......... 114,490 23,400 50,101 3,080,590 2.41 2.09 
February ......... 87,790 21,800 54,026 3,000,452 2.34 2.25 
March . _____ . _ ... 150,190 51,400 81,108 4,987,137 3.89 3.37 
April . ____ .. ____ . 206,575 29,100 85,979 5,116,106 3.99 3.58 

May ···----------1 40,400 15,850 24,910 1, 531,656 ]. 20 1.04 
June ............. 29,100 5,400 11,315 673,289 0.53 0.47 
July ............. 22,300 3,600 9,711 597,106 0.46 0.40 

August .... --· ... -~ 9,125 3,400 5,402 332,156 0.25 0.22 
September .. _ .... · 10,750 3,600 5,320 316,562 0.24 0.22 
October .......... : 4,500 2,200 3,152 193,809 0.15 0.13 
November ........ I 21,800 2,800 6, 143 365,534 0.29 0.26 
December ........ ! 63,775 5,400 18,990 1,167,650 0.91 0.79 

i ---
16.66 \ Th_e year ... 206,575 2,200 29, 680 i 21, 362, 047 1.24 

I 
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Estimated monthly discharge of Sttsquehanna River at HmTisbttrg, Pennsylvania-Cont'd. 

Discharge in second-feet. Run-off. 

I Month. Total in acre- Second-feet. 
Maximum. Mini- Mean. Depth in feet per 

mum. inches. square 
mile. 

1896. I 
I 

January .... __ .... 139,450 23, 4oo 1 52, 692 3,239,904 2.53 2. 19 
February ... __ .... , 185,990 16,775 52,637 3,027,71n 2.36 2. 19 
March ..... ___ . __ 185,990 16,775 65,034 3,998,785 3.13 2.71 
April __ .... __ . _ .. ! 223,580 26,100 89,469 5,323,776 4.15 3.72 

May . -----· ------ 23,400 7, 825 13,097 805,303 0.63 0.55 

June.------------ 46,825 9,450 19,387 1,153,607 0.90 0.81 

July - ---- - --- - -- - 40,400 10,750 15,587 958,407 0.75 0.65 
August ........... 45, 150 3, 400 14, 621 899,009 0.70 0.61 
September . _____ . 7,850 3, 000 4, 173 248,311 0.19 0.17 
October ___ .. _ . ___ 132,290 10,100 34,793 2,139,337 1.67 1.45 

November-------- 143,030 12,700 35, 738 2,126,559 1. 66 1. 49 

December-------- 38,900 9,125 21,573 1,326,472 1. 04 0.90 
---

The year_ .. 223,580 3,000 34,900 25,247,185 19.71 1.45 

1897. . I 
January. ________ 31,000 10,100 18,864 1, 159,900 0.91 0.79 
February ________ 103,850 23,400 46,304 2,571,590 2.01 1. 93 
M~rch ... ________ .. 

168,090 26,100 89,678 5,514,085 4.30 3.73 
April ____ .. ______ 132,290 25,025 56,021 3,333,480 2.60 2.33 
May ... ________ .. 103,850 24,500 54, 106 3,326,850 2.60 2.25 
J nne . ______ ...... 29:100 10,100 17,926 1,066,680 0.83 0.75 
July . __ ...... _. __ 42,750 6,900 11,735 721,560 0.56 0.49 
August. __ ...... __ 40,400 7,825 15,738 967,690 0.76 0.66 
September _ ... _ , . 15,850 4,000 6,991 415,990 0.32 0.29 
October __________ 11,900 4,000 6, 127 376,730 0.29 0.25 
November ____ ---· 49,500 4,800 15,024 893,990 0.69 0. 62 I December. __ -- ... 108,275 18,300 47,068 2,894,100 2.26 ~ 

The year. __ 168,090 4,000 32, 132 23,242,645,~
1

- 1.34 
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OCTORARO CREEK. 

Rating table for Octorm·o Creek at Rowlandsville, Mm·yland, for 1897. 

Ga!f:te 
heig t. Discharge. Ga!f:te 

heig t. Discharge. 

---
Feet. Second-feet. Feet. Second-feet. 

2.7 125 3.7 305 
2.8 130 3.8 340 
2.9 135 3.9 380 
3.0 145 4.0 420 
3.1 155 4.2 500 
3.2 170 4.4 580 
3.3 185 4.6 670 
3.4 210 4.8 765 

~ 
240 5.0 880 
270 5.2 1,040 6 

Gaie 
beig t. Discharge. 

Feet. Second-feet. 

5.4 1,220 
5.6 1,425 
5.8 1,635 
6.0 1,845 
6.2 2,055 
6.4 2,265 
6.6 2,475 
6.8 2,685 
7.0 2,895. 
7.2 3,105 

Ga{e 
he1g t. 

Feet. 

7.4 
7.6 
7.8 
8.0 
8.5 
9.0 
9.5 

10.0 

I 

D 

Se 

;,charge., 

cond-feet. 

3,315 
3,525 
3, 735 
3, 945 
4,470 
4,995 
5,520 

:J 
Esti1nated monthly discha1·ge of Octoraro Creek at Rowlandst'ille, Maryland. 

[Drainage area, 217 square miles.] 

~Month. 
Discharge in second-feet. Run-off. 

' Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

1896. 
November 22 to 30 .. 540 145 192 3,427 0.29 0.89 
December .......... 225 145 158 9,715 0.84 0.73 

1897. 
January ............ 2,580 155 329 20,230 1.75 1.52 
February .......... 6,150 170 1,021 56,705 4.90 4.71 
March . ... : .. ...... 

1 

500 170 230 14, 142 1.22 1.06 
April. . .. .. . .. .. .. .. 2, 002 170 37Q 22,017 1.91 1.71 

May ............ ----1 920 170 321 19,737 1.71 1.48 
June ............... 1,270 145 222 13,210 1.14 1.02 
July ............... 520 135 192 11,805 1.01 0.88 
August ............. 960 130 186 11,437 0.99 0.86 
September ......... 170 130 136 8,092 0.70 0.63 
October ....... : .... 170 130 141 8,670 0.75 0.65 
November .......... 1,845 155 298 17,730 1. 53 1.37 
December .......... 820 185 275 16,909 1.46 1.27 

---
The yea:r ..... 6,1'50 130 310 220,684 19.07 1. 43 
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FIG. 30.-Discbarge of Octoraro Creek at Rowlandsville, Maryland, 1897. 

PATAPSCO RIVER. 

Rating table j01· Patapsco Rive1· at Woollstock, J.l:la1·yland. 

I Gage height. 

Discharge. Di•ch.,ge.;;] 
July 23 to Dec . 

Gage height. 
.A.ug. 6,1896, to July 23 to Dec. .A.ug. 6, 1896, to 

July 22, 1897. 31, 1897. July 22, 1897. :n, 1897. . 

Feet. Seconcl-.feet. Seconcl-jeet. Feet.' Second-feet. Second-feet. 

2.9 .............. ------ 60 4.8 740 925 
3.0 ------------ 70 .5.0 880 1,075 
3.1 ...... -- ...... - ... --- 90 5.2 1,025 1,235 
3.2 ... ---- ... - ... --- .. 115· 5.4 1,175 1,410 
3.3 ------ -- .. -- .. 140 5.6 1,335 1, 600 
3.4 50 170 5.8 1,505 1, 800 
3.5 80 205 6.0 1, 680 2,000 
3.6 115 240 6.5 2,140 2,512 
3.7 150 280 7.0 2,630 3,025 
3.8 190 325 7.5 3,160 3,538 
3.9 230 375· 8.0 3, 740 4,050 
4.0 275 425 8.5 4,405 --- .. -- ........ -.. -
4.2 375 530 9.0 5,080 . ----"' - ------

I 
4.4 48r 650 9.5 5,755 ··--·=J 4.6 610 780 10.0 6,430 ------ - ... -- ... -

19 GEOL, PT 4-9 
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· Estirnated monthly discharge of Patapsco Rivel' at Woodstock, Maryland. 

[Drainage area, 251 square miles.] 

~Month. 
Discharge in second-feet. i_Run-~ 

1897. 

Maxi
mum. 

.January.. . . . . . . . . . . 4, 405 

February ...... _. _. 5, 890 
March .. __ ...... _.. 705 

April ............. _ 740 

May . .. . . .. .. . . . .. . 2, 235 

June ............... 915 

July .... _ .......... I 3, 538 

August .......... _.. 3, 332 

September ...... __ . 187 

October............ 280 

Mini
mum. 

Tot~l in acre- l ~~ 
feet. Depth in feet per 

I 
inches. square 

mile. 
Mean. 

---~-1 
80 331 20,355 1.52 

115 783 43,486 3. 25 

230 332 20,414 1.52 

150 334 19,874 1. 48 

210 473 29,084 2.17 

150 259 15, 412 1. 15 

130 588 36,155 2.70 

133 598 36, 770 2. 75 

65 127 7, 557 0. 57 

80 140 8, 608 0. 63 

November .... ~----- 7,250 240 591 35,167 2.62 

1. 32 

3.12 

1. 32 

1.33 

1. 88 

1. 03 

2.34 

2.38 

0.51 

0.55 

2.35 

I Decem_b_e_r_._-_____ --_____ __!-_1_,_5-50_.!___2_4_0--L-5-0_3_;_ __ 3_0_, -92_8__;_2_. -31~~ _ 2. ~~80 ~ The year..... 7, 250 --6-5-~- 422 -: 303,810 22.67 ~ 
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FIG. 31.-Discharge of Patapsco River at Woodstock, Maryland, 1897. 
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Gage 
height. 

----
Feet. 

2.7 
2.8 
2.9 
3.0 
3.2 
3.4 

lE_ 8 

PATUXENT RIVER. 

Rating table for Pat1txent River at Laurel, Maryland. 

[This table is applicable from August 3, 1896, to December 31, 1897.] 

Discharge. Gaft.e 
heig t. Discharge. Gage 

hE"ight. Discharge. Gage 
height. 

Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. 

0 4.0 70 6.5 329 10.5 
2 2.2 86 7.0 389 11.0 
5 4.4 102 7.5 455 11.5 

10 4.6 120 8.0 545 I 12.0 
20 8.8 140 8.5 655 12.5 
30 5.0 162 9.0 800 13.0 
42 5.5 217 9.5 1,025 I 13.5 
56 6.0 272 10.0 1,400 

I 

ID 
:-

Se cond-feet. 

2,034 
2,674 
3, 314 
3, 954 
4,594 
5,234 

5,8741 

Estimated monthly discharge of Patuxent River at Lmtrel, Ma1'yland. 

[Drainage area, 137 square miles.] 

~Month. Discharge in second-feet. Rnng 
'l'otal in acre-

Second· feet. 
Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

---
1896. 

August ............. 160 30 117 7,194 0.98 0.87 
September ......... 203 30 98 5,831 0.80 0.72 
October ............ 165 45 98 6,026 0.83 0.72 
November .......... 24.7 40 129 7, 676 1.04 0.94 
December .......... 181 50 140 8,608 1.18 1. 02 

------
1897. 

January ........... 184 49 120 7, 379 1.01 0.88 
February .......... 2, 418 140 400 22,215 3.04 2.92 
March .•........... 233 110 162 9, 961 1. 36 1.18 
April ......... ··-· 329 63 148 8, 807 1. 20 1. 0~ 
May ............... 1,180 90 203 11,482 1.71 1. 48 
June ...•.....•..... 173 49 113 6,724 0.91 0.82 
July ............... 4,274 39 320 19,676 2.70 2.34 
August ............. 1175 82 145 8, 916 1. 22 1. 06 
September ......... 261 •r -0 86 5,117 0.70 0.63 
October ............ 151 17 92 5,657 0.77 0.67 

November ......... ·12, 034 102 251 14,936 2.04 1. 83 

I 
December .... ···---~~ 98 199 12,236 1.67 

'3 The year ..... 4, 274 17 187 133, 106 18.33 1 1. 36 
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Sec.ft 
5,000 

4,000 

3,000 

2, 000 

1,000 

0 

6, 000 

5,000 

4, 000 

3, 000 

2, 000 

1, 000 

0 

.JAN. FEB. MARCH APRIL MAY .JUNE 1~~~ AUG. -SEPT • OCT. NOV. 
10 20 10 20 10 20 10 20 10 20. 10 20 10 20 1020 1020 10 20 

/8 96 

/1'0 RfC o,lo 

I~ 97 

......... ~ .. l 1 l L& il ~ il.h. • .1.. 

FIG. 32.-Discharge of Patuxent River at Laurel, Maryland, 1897. 

POTOMAC RIVER. 

DEC. 
10 20 

l11 1 

The tributaries of Potomac River drain long narrow areas of the 
Greater Appalachian Valley and extend chiefly in a general north
easterly. direction,.the tributaries coming from the northern part of the 
basin draining relatively small areas and being of minor importance. 
The main river has a general southeasterly direction, cutting through 
the ranges at nearly right angles, and is located in the northern part 
of the basin. A map of the drainage baRin is shown in fig. 33. 

During the fall of 1897 a detailed study of the sources of pollution 
throughout the basin was made by Messrs. A. P. Davis, E. G. Paul, 
and G. H. Matthes, the last mentioned of whom has prepared the fol
lowing description. In order to obtain a general conception of the 
amount of pollution, samples of water for bacteriological examination 
were collected in sterilized bottles at the mouths of all tributaries of 
importance, and at such other points along the rivers as were of special 
interest. .At the same time the discharge of the tributaries was ascer
tained and a reconnaissance of existing water powers as well as of 
those still undeveloped was carried on in conjunction with the primary 
investigation. The results of this work were published in Senate Doc. 
No. 90, Fi:fi.ty-:fi.fth Congress, second session, entitled Drainage Basin 
of the Potomac River, and in Senate Doc. No. 211, entitled Bacterio
logical Examination of the Potomac River. A summary of the more 
important facts set forth in these reports is herewith presented together 
with the results of hydrographic measurements made during the year 
1897 at the regular gaging stations maintained in Potomac Basin. 
These stations, ~hich are described in Water-Supply and Irrigation 
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Paper No. 15, pp. 15-22, inclusive, are located as follows: Cumberland, 
Maryland, on the North Branch; Sharpsburg, Maryland, on Antietam 
Creek; Port Republic, Virginia, on North and South rivers and South 
Fork of Shenandoah River; Millville, West Virgiuia, on Shenandoah 
River; Frederick, Maryland, on Monocacy River; Point of Rocks, Mary
land, on Potomac River; and National Zoological Park bridge, District 
of Columbia, on Rock Creek. Following is a list of the tributaries of 

FIG. 33.-Map of Potomac <lrainage basin. 

Potomac River in the order in which they are described, those entering 
from the south being considered first: 

Tributaries from the south: 
South Branch. 
Little Cacapon River. 
Cacapon River. 
Sir Johns Run. 
"\V arm Springs Run. 
Sleepy Creek. 
Back Creek. 
Opequon Creek. 

Tributaries from the south-Cont'd. 
Shenandoah River. 
Catoctin Creek, Virginia. 
Goose Creek. 
Broad Run. 

Tributaries from the north: 
North Branch. 
Town Creek. 
Fifteenmile Creek. 
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Tributaries from the north-Cont'd. 
Sideling Creek. 
Little Tonoloway Creek. 
Big Tonoloway C,reek. 
Licking Creek. 
Big Spring Run. . 
Little Conococheague Creek. 

Tributaries from the north-Cont'd. 
Conococheague Creek. 
Antietam Creek. 
Catoctin Creek, Mary land. 
South Tuscarora Creek. 
Seneca Creek. 
Rock Creek. 

TRIBUTARIES FROM THE SOU1.'H. 

The South Branch of the Potomac has its head waters in Pendleton 
County, West Virginia, and Highland County, Virginia. The main 
river and its numerous forks pursue northeasterly courses through 
narrow, sparsely settled va1leys, separated by steep and woorled ridges. 
The highest point is Spruce Knob, in the western part of the basin, 
with an altitude of 4,680 feet. The total area drained comprises 1,487 
square miles. 

Six miles above Petersburg, West Virginia, is the confluence of the 
North Fork and the South Branch, while at a point 12 miles below 
Petersburg, at Moorefield, West Virginia, Moorefield River, or South 
Fork, enters the South Branch. September 24, 1897, the discharges of 
the three rivers were measured and found to be as follows: South 
Branch above mouth of North Fork, 96 second-feet; North Fork at 
mouth, 17 second-feet; South Fork at mouth, 34 second-feet. From 
Moorefield to its mouth the river has a total fall of about 280 feet in 54 
miles. Above Moorefield the stream has more fall, averaging over 8 
feet per mile. Owing to the gradual slope of the bed and the few riffles 
and falls, there are few good dam sites along the river and consequently 
little power is developed. There is no railroad in the valley above 
Romney, and the consequent lack of good means of transportation will 
account in great measure for the scarcity of industrial enterprises. 
From the confluence with the North Fork down to the mouth, there are 
only four flour mills on the South Branch, some of which have facilities 
for sawing lumber attached. As their capacity is small and little work 
is done, pollution by them is insignificant. The South Brauch was 
measured September 26 at Romney, and its discharge found to be 205 
second-feet. The old gaging station on the river, near Springfield, West 
Virginia, described in the Eighteenth Annual Report of this Survey, 
Part IV, p. 19, was discontinued in 1896 and not resumed in 1897 owing 
to the difficulty of obtaining 'an observer. The following measurements 
of discharge were made, however, during the year 1897: June 25, gage 
height 3.40 feet, discharge 622 second-feet; September 2, gage height 
2.40 feet, discharge 132 second-feet. 

On theN orth Fork and on the South Branch, above their confluence, 
there are only a few small flour mills utilizing water power. The only 
users of water power along the South· Fork are a small flour mill at 
Fort Seybert, West Virginia, and a flour and planing mill at Moore-
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field. Pollution from the latter, in the form of sawdust or chips, is 
-trifling. At Petersburg is a tannery, with a capacity of 60 hides a day, 
which has not, however, been in operation for some time. 

Owing to the absence of mines, active tanneries, or manufacturing 
industries productive of wastes, the South Branch drainage basin con
tributes little to the contamination of the waters of the Potomac, except 
what is incident to the natural drainage from farms and fields in the 
valley areas under cultivation. These latter are, on account of the 
nature of the topography, of small extent. About Moorefield t.he river 
valley is broader and much more fertile than any other section of the 
basin, and contains some fine farms. The following towns, situated on 

·the river, were visited: Petersburg, West Virginia, with a population 
of 400; Moorefield, West Virginia, with a population of 500; and Rom
ney, West Virginia, with a population of 700 inhabitants. Only the 
last-named town is provided with a public water supply from reservoirs. 
There is no sewerage system, but the natural drainage is into the South 
Branch. The State Asylum for the Deaf, Dumb, and Blind, at Romney, 
with an average of 200 inmates, discharges its sewage into Big Run, 1 
mile above its junction with the river. · 

Little Cacapon River bas its source in Mineral County, West Vir
ginia, and discharges into the Potomac about 5 miles below the junc
tion of the North and South branches. The discharge on September 
29 was about 2 second-feet. At Pawpaw, West Virginia, is a tannery, 
owned by the United States Leather Company, with an average capac
ity of 400 hides a day. The wastes are liquids only, all substances 
being preserved for other purposes and all tan bark utilized as fuel. 
At the time of visit, September 29, the amount of effluent discharged 
into the river was 200 gallons per minute. 

Cacapon River joins the Potomac a short distance below dam No.6 
of the Chesapeake and Ohio Canal. It has its source in Hardy County, 
West Virginia, and is known along phe upper part of its course as Lost 
River, due to the fact that it disappears into an underground channel 
several miles above Wardensville, reappearing under the name of 
Cacapon River. At Cacapon Forks it receives North River. The 
discparge of Cacapon River near its mouth on September 29 was 81 
second-feet. From inquiry it appears that the water powers of this 
stream are inconsiderable. A tannery is located at Cacapon Bridge, 
and discharges refuse into the stream. 

Sir Johns Run empties into the Potomac 3 miles below the mouth of 
Cacapon River. Its discharge October 11 was estimated at 1 second
foot. 

Warm Spring Run rises in Morgan County, West Virginia, a few 
miles above Berkeley Springs, a town of 1,000 inhabitants. Its dis
charge September 30 was 3 second-feet. It receives the drainage from 
this town, which has a public water supply. A tannery with a capacity 
of 250 hides a day also discharges its wastes into the stream. 
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Sleepy Creek joins Potomac River about 5 miles below Hancock, 
Maryland. The discharge October 1 was 2.3 second-feet. A few small 
feed mills make use of the power, but cause no pollution. 

Back Creek has its source in Clarke County, Virginia, and discharges 
into the Potomac 8 miles below Williamsport, . Maryland. The dis
charge on October 8 was 50 second-feet. The power of this stream is 
used by flour mills. Martinsburg, West Virginia, a town of 8,000 
inhabitants, with a public water supply, has no sewerage system, but 
many private sewers and cesspools drain into a tributary of Opequon 
Creek. 

At Harpers Ferry, West Virginia, the water of the Potomac is used 
for power by the Shenandoah Pulp Company. With a fall of 22 feet 
a maximum powe:c.of 1,400 horsepower is developed. The pulp is made 
by a mechanical process.from spruce wood. Bark and shavings consti
tute the only pollution from this mill. The discharge of the .Potomac 
at Harpers Ferry on October 13 was 377 second-feet, nearly all of which 
was diverted into the pulp company's mill race. The estimated dis
charge of Shenandoah River above Harpers Ferry is given on page 151. 

Shenandoah Valley has always possessed the reputation of having 
an extraordinary number of perennial springs. This reputation bas 
been confirmed during the very dry season of 1897, as few of these 
springs became dry or apparently diminished in volume. Some of 
these springs furnish an abundant supply for the waterworks of towns. 
Staunton, Front Royal, Riverton, Harrisonburg, Waynesboro, and 
Elkton are all supplied with spring water either from gravity systems 
or by pumping to a reservoir. During the drought of 1897 none of 
these towns was hampered by a lack of water. · 

The drainage basin covers 3,009 square miles of fertile country, with 
an undulating topography well adapted for farming. It is bounded on 
the east by the Blue Ridge, on the west by the North Mountain ranges, 
and is divided longitudinally by the Massanutten Mountains. Shenan
doah River is formed by the confluence of the North and South forks 
at Riverton, Virginia, at an elevation of 450 feet, and about 54 miles 
from Harpers Ferry, West Virginia, where it discharges into the Poto· 
mac, at an elevation of 240 feet. With the e-xception of Bulls Falls, 
2i miles, and Littles Falls, about 6~ 1niles above Harpers Ferry, the 
main river has a fall averaging 3 feet per mile. The milling enter
prises in this part of the basin are mostly small, and b.ti1ize the powers 
along the tributaries. The mills once existing on the river proper are 
conspicuous only by their absence, and their ruins tell the tale of 
destruction by the severe freshets to which the river is subject. The 
following tributaries entering from the west were visited, their dis
charges measured, and the water powers and pollutions along them 
investigated: October 7, Crooked Run, discharge 3.4 second-feet; 
October 9, Stone Bridge Run, discharge 3 second-feet (estimated); 
October 9, Parkers Creek, discharge 4 second-feet (estimated); Octo-
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ber 8, Crystal Run, discharge 3 second-feet -(estimated); October 2, 
Bullskin Run, discharge 7.5 second-feet; October 1, Evitt Run, dis
charge 12 second-feet; October 25, Flowing Run, discharge 4.5 second
feet. The following tributaries entering from the east were visited: 
October 4, Happy Creek, discharge 3.1 second-feet; October 7, Wap
pan Rmi, discharge 1.1 second-feet. The towns mentioned below were 
visited. 

Berryville, Virginia, with a population of 1,600, contains no manu
factories of any kind and possesses no public water supply. Charles
town, West Virginia, with a population of 2,800, is situated on Evitt 
Run, which is polluted by sewage from back yards, slaughterhouses, 
a small tannery, and a gas plant. 

At Halltown, West Virginia, is the strawboard factory of Eyster & 
Son, situated on Flowing Run, using steam to the extent of 150 horse
power. The average daily output is 8 tons of cardboard. In the 
process the straw is washed and bleached with lime. Water for this 
purpose is taken from the run, and the residue returned, heavily laden 
with fine particles of straw and lime, which give the water a bright 
yellow color. No odor is noticeable. 

At Harpers Ferry, West Virginia, a fine water power is utilized by 
the Shenandoah Pulp Company, from which about 1,!500 horsepower is 
obtained with a head of 23~ feet. During the dry season of 1897.tliis 
was reduced to 350 horsepower, and the mill bad to be stopped at inter
vals in order to store up head. The daily capacity, which is 20 tons of 
pulp, was reduced to 9 tons. The pulp is made from spruce wood by a 
mechaBical process, and, so far as could be ascertained, no waste other 
than bark chips finds its way into the river. The amount of the latter, 
however, is considerable, and the bed of the river below the mill shows 
large deposits of this material. 

The town of Harpers Ferry bas neither a public water supply nor a 
sewerage system. What little sewage reaches the river comes from 
a private sewer of one of the hotels, a few privies near the bridge, and 
the drainage from a stable and a brewery. 

The discharge of the North Fork of Shenandoah River was measured 
October 4 from the highway bridge at Riverton, Virginia, and found to 
be 140 second-feet. The river between Strasburg and Riverton, a dis
tanc~ of 13 miles, has a fall of nearly 4 feet per mile. It receives 
along this section Passage Creek from the south and Cedar Creek from 
the north. The former drains Fort Valley, a small elevated basin 
inclosed between two parallel ridges, the Massanutten Mountains on 
the east and Three-Top Mount~in on the west. Its discharge on Octo
ber 15 was 6 second-feet. Cedar Creek was measured October 12 and 
its discharge found to be 27 second-feet. There are a number of small 
mills on this stream, but owing to its moderate fall the heads obtained 
are small and little power is developed. The creek is polluted by the 
tannery of Hans Rees & Sons, at Zepp, Virginia, which has a capacity 
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averaging 60 hides a day. At Strasburg, Virginia, a town of 900 
inhabitants, there is a small tannery. It is not located near the river, 
and no pollution was noticed. 

The course of the North Fork above Strasburg 1s an extremely tor
tuous one. Its fall averages about 6 feet per mile. It flows by the 
towns of New Market, Mount Jackson, Edinburg, and Woodstock, 
none of which is provided with either public water supplies or sewer
age systems. Pollution from these towns is probably trifling or nil. 
A number of tributaries enter the North Fork above Strasburg, as 
follows: Lin ville Creek and Smiths Creek from the south; Holmans 
Creek, Mill Creek, Stony Creek, Toms Brook, and Tumbling Run, from 
the north. The water powers along the North Fork and its tributaries 
are shown in the table on pages 155 and 156, together with the sources 
of pollution, most of which are of an insignificant character. 

The South Fork of the Shenandoah is formed by the confluence of 
the three tributaries known as the North, Middle, and South rivers at 
Port Republic, Virginia. Regular gaging stations are being main
tained at this point on South River and below the junction of the North 
and Middle rivers. The stations are d,escribed in ·water-Supply and 
Irrigation Paper No. 15, p. 17. Tables of monthly discharge have not 
been compiled, since there are not sufficient discharge measurements 
on which to base rating tables. Measurements made November 7 at the 
stations and on Middle River at Mount Meridian give discharges as 
follows: North River less Middle River, 153 second-feet; Middle River, 
92 second-feet; South River, 173 second-feet. Similar measurements 
made March 22 and 23, 1897, by D. C. Humphreys, gave discharges of 
841, 625, and 426 second-feet. 

The South Fork was measured October 4 at Riverton, Virginia~ the 
discharge being 572 second-feet, and October 31 at Elkton, Virginia, the 
discharge being 389 second-feet. At Riverton are the Riverton Mills, 
which develop 70 horr:;epower with a fall of 6 feet. The timber dam is 
one of the finest on the river. There is no pollution at this point. In the 
96 miles of its course from Port Republic to Riverton, the South Fork 
has an average fall of 6 feet per mile, and receives a number of trib
utaries of little importance. The following, all entering from the east, 
were measured: October 6, Gooneys Creek, discharge 2.3 second-feet; 
October 6, Flint Run, discharge 3.2 second-feet; October 27, Hawksbill 
Creek, discharge 71 second-feet; October 30, Naked Creek, discharge 
25 second-feet; October 31, Elk Creek, discharge 5.5 second-feet. 
Gooneys, Hawksbill, and Elk creeks are badly polluted by tan liquor. 
At Browntown, Virginia, is F. P. Cover's tannery, located on the creek 
first named. It has a capacity averaging 60 hides per day. Besides 
wasting tan liquor, the surplus of tan bark is also disposed of in the 
creek. At Luray, Virginia, IS the tannery of the Deford Company, 
with a capacity of 400 hides in twenty-four hours. All tan bark is 
utilized as fuel. Fleshings, scrapings, and hair are saved to be sold, 
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while the liquid wastes are collected in cesspools, where all solid mate
rials carried in suspension are allowed to settle, and whence these can 
be recovered to be used as fertilizer. The overflow from the cesspools 
drains into Hawksbill Creek, disc~loring the water of the latter all the 
way down to its mouth. While there is no doubt that such cesspools 
are of benefit by preventing much refuse from reaching the creek, they 
have the disadvantage of emitting very foul odors. This becomes a 
source of annoyance to the inhabitants of Luray whenever the wind 
blows from the northeast, carrying the odor into the town. 

At Elkton, Virginia, on Elk Creek, is the tannery of J. R. Cover, 
with a capacity of 21 hides a day. The amount of liquor which drains 
off toward· the; creek is estimated at 1,000 gallons a day. Near Elkton 
are the Manganese Ore Works of Kendall & Flick. The water for 
washing the ore is pumped from the river and after it is used runs off 
into the latter highly charged with a fine dark-brown sediment. The 
amount discharged daily is. estimated at 70,000 gallons. The capacity of 
the works is 225 tons of ore per month. In winter operations are sus
pended, the ore when frozen being too hard to permit proper washing. 
A large number of mills derive power from the South Fork arid its 
tributaries, although thos~ situated on the latter are seriously hampered 
by lack of water during the dry season. 

The three rivers forming the South Fork have considerable fall, and 
together with their tributaries furnish power to no less than 53 mills, 
the majority of which are flour mills and gristmills. Some fine powers 
have been developed on South River. J. L. Koiner's flour mill at Cri
mora, Virginia, and J. A. Patterson's flour mill at Waynesboro, Virginia, 
utilize each 100 horsepower with a li.ead of 9 feet. About 1 mile above 
Waynesboro the hydraulic-ram factory of Rife & Schoppert with a head 
of 8 feet develops 75 horsepower. 

The city of Waynesboro has an estimated population of 2,000. There 
are a number of industries, few of which are in proximity to the river, 
and these do not pollute the water. A public water supply is under 
construction and a sewerage system to drain into the river is under 
consideration. 

Lewis Creek, one of the tributaries of Middle River, receives much 
filth and sewage on its way through Staunton, a city of 11,000 inhab
itants. There is no regular sewerage system, but a number of private 
sewers discharge into the· creek. The city has a public water supply 
derived partly from Lewis Creek by pumping into a reservoir and 
partly from a separate gravity system, 

North River is polluted by several industries, notably by a tannery 
owned by J.P. Houck, lo.cated at Harrisonburg, Virginia, on Blacks 
Run, a tributary of Cooks Creek, which discharges into North River 
near 1Hount Crawford, and by a woolen mill of the .Bridgewater Manu
facturing Company at Bridgewater, Virginia. The tannery bas a 
capacity of 200 hides a day, and although much economy is practiced 
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with tan liquor, the wastes are decidedly obnoxious, due mainly to the 
imperfect manner in whicb they are allowed to run off in open surface 
drains ac~oss vacant lots and public thoroughfares. Harrisonburg, 
with a population of 3,500, has a public water supply but no sewerage 
system. 

In general it may be said of Shenandoah Valley that t11e drainage 
from the small towns and from the farms of th·is agricultural region is 
small; that in proportion to the water discharged through the Shenan
doah and the area drained the pollutions are not important; and that 
the river may be considered as furnishing a large bulk of potable water 
to Potomac River. 

The water powers of the Shenandoah and its numerous tributaries 
have been well developed, as will be seen from the table of industries 
and sources of pollution. A large majority of the mills are grist and 
flouring mills doing a limited local business, utilizing the powers offered 
by the small mountain streams, preferably by means of overshot wheels. 
A systematic study of ·these mills has led to the conclusion that the 
great facility with which head is obtained on mountain streams has 
induced many millers to build mills in localities where the supply 
throughout a large part of the year is at the best unsatisfactory. The 
common failing observed among the milling enterprises in this region, 
however, is found in the cheap forms of. milldams, such as brush and 
loose-rock dams, which do not remain tight except by continual repair
ing, and are ·a constant source of annoyance. 

Catoctin Creek, Virginia, has its source in Loudoun County, and 
discharges into the Potomac 1 mile above Point of Rocks; Maryland. 
Its discharge October 15 was about 7 second-feet. No pollution was 
observed. 

Goose Creek enters Potomac River opposite Edwards Ferry, Mary
land. Its discharge October 14 was 19 second-feet. This creek has its· 
head waters iu Fauquier County, Virginia, and offers a number of mill 
sites, some of which are occupied by gristmills, while others are not 
being utilized. There is no pollution along this stream. 

Broad Run has its head waters in Loudoun County, Virginia, and emp
ties into the Potomac at a point 4 miles below the mouth of Goose 
Creek. Its discharge October 14 was estimated to. be l second-foot. 
No pollution was observed. 

TRIBUTARIES FROM THE NORTH. 

The country tributary to the North Branch of Potomac River, com
prising an area of 1,365 square miles, is of a hilly character and for the 
larger part thickly wooded. The bead waters of the North Branch 
proper are near Fairfax Stone, on the West Virginia and Maryland 
State line, at an elevation of about 3,000 feet. Thence the river flows 
in a northeasterly direction for about 46 miles, forming the dividing 
line between ~}arrett County, Maryland, and Grant County, West Vir
ginia, to the confluence with Savage River, where its elevation is about 
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950 feet (see Pl. XVII, A). It then flows southeasterly a distance of6 
miles to Keyser, West Virginia, where it resumes its northeasterly 
course for 23 miles, reaching Cumberland; Maryland, at an elevation of 
600 feet. At this point the river makes a sharp bend, and after flowing 
southerly for 12 miles unites with the South Branch to form Potomac 
River. · 

Along the upper part of its course, down to the twin towns of 
Westernport, Maryland, and Piedmont, West Virginia, the North 
Branch flows through a narrow and tortuous valley, the steep and 
wooded hillsides of which afford little opportunity for settlement. The 
roads are few and bad, and the West Virginia Central and Pittsburg 
Railway affords the only means of transportation. Th~ extensive 
lumber trade in this region is responsible for a number of small set
tlements along the river and the existence of the two towns of Bayard, 
West Virginia, with an estimated population of 700, and Gormania, 
West Virginia, with an estimated population of 600 inhabitants. 

Owing to Its considerable fall along this section, which averages 46 
feet per mile, but in some portions exceeds 60 feet per mile, the river 
assumeR much the nature of a mountain torrent, })resenting one con
tinuous series of riffles and falls, the latter in some instances having 
a drop of 5 feet and over. There seems to be little opportunity for 
developing the water powers of this stream, however considerable they 
ruay be. Freshets are frequent and heavy, and would inflict serious 
damage to the cheaper forms of milldams. Stone and brush dams, 
crib dams, and loose-rock dams would either be swept away or would 
require incessant repairs and rebuilding. On account of the narrow
ness of the valley, waste weirs would be impracticable, and dams would 
have to be built to withstand the heaviest floods passing over them, 
which would render their construction elaborate and expensive. It is 
also difficult to find good mill sites. The following discharge measure
ments, made in September and Octobet of 1897, will serve to throw 
light upon the capacity of the river during the dry season: September 
23 a measurement made at Gormania, West Virginia, gave a discharge 
of 54 second-feet. On September 25 the discharge of the river at 
Schell was 136 second-feet. Measurements made above the junction 
with Savage River on September 27 and October 27 gave discharges 
of 122 and 102 second-feet, respectively, the latter fairly representing 
the capacity of the North Branch at this point during the severe 
drought of 1897. These results, together with the large amount of 
available head and the fact that the river does not freeze over in win
ter, seem to indicate that there would be ample power at all times for 
average milling purposes. The fact that no attempt has been made 
by any of the sawmills and tanneries along the river to make use of 
water power has, however, sufficient explanation. The first-named 
enterprises use steam by preference, because they are primarily of a 
temporary character, liable to be shiftedwhenever it may be found 
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advantageous to shorten the di~tance which the raw materials are to 
be hauled, and also because they are supplied with an abundance of fuel, 
at no cost, in the form of sa.wdust. The tanneries, though of a more 
permanent character, invariably prefer steam power, because, beside~ 
being able to utilize tan bark as fuel, they require the use of steam in 
their processes . 

.A. small water power has been developed by two mills at Blaine, 
West Virginia, but the amount is trifling in comparison with what 
might be obtained at that point. One 15.inch and one 18-inch turbine 
under 7~ feet head furnish about 8 horsepower to a small woolen mill. 
On the same mill race is situated a sawmill and gristmill combined, 
which obtains about 25 horsepower from one 36-inch turbine under 9 
feet head. Water is taken from the river at a point about one-half 
mile above the mills, where there is a low natural dam across the river. 

The more important tributaries were visited and the discharges meas. 
ured. September 24 the discharge of Buffalo Creek at Bayard, West 
Virginia, was found to be 23 second-feet. The water was heavily laden 
with sawdust from the Buffalo Lumber Company. Stony River, the 
principal tributary above the mouth of Savage River, was visited Sep. 
tember 25. Its discharge was 38 second-feet. This stream flows 
through a hilly region, covered with thick timber growths, and has no 
settlements a.long it except a few logging camps. The head waters rise 
in, the highest part of the Potomac Basin, at an altitude of 4,000 feet. 
September 25 Abram Creek showed a discharge of 7.4 second-feet. 
The water of this creek carries much coal dust from the mines at Elk 
Garden, West Virginia, and also receives sawdust from a sawmill at 
Emory, West Virginia. 

The North Branch all along this upper section is polluted by large 
quantities of sawdust produced by fourteen sawmills (see appended 
table, pp. 155-156), some of which discharge the sawdust directly into 
the river, and others into the tributaries. The more important of these 
are the sawmill of the J. L. Rumbarger Company, at Dobbin, West Vir
ginia, with a capacity of 100,000 feet of lumber a day; the saw and 
planing mills of M. N. Wilson, at Wilson, Maryland, with a capacity of 
2Q,OOO feet of lumber a day, and of the Buffalo Lumber Company, at Bay
a~d, West Virginia, with a capacity of 50,000 feet of lumber a day. It 
furthermore receives the wastes from two tanneries-hllose of the Mid
dlesex Leather Company, at Bayard, West Virginia, with a capacity of 
from 600 to 800 hides a day, and the J.·T. Hoff'mann's Sons Company, 
at Gormania, West Virginia, with a capacity of 300 hides a day. The 
wastes from the latter establishments consist of tan liquor, lime water, 
and a certain amount of tan bark, which is washed from the banks at 
time~ of high water. The total amount of this pollution is such that the 
river, especially during the dry season, has a foul appearance in spite 
of its dashing course over the bowlders of its rough but picturesque 
bed. The water has a dark-brown tinge, very suggestive of contami-
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nation by tan liquor, and particles of sawdust are extremely plentiful 
and are carried for long distances. In many places where irregulari
ties in the current .have caused accumulations of sawdust, small banks 
and bars composed of solid strata of sawdust are to be found. It is 
a noteworthy fact that Stony River, though free from artificial pollu
tion, exhibits to a certain degree the same dark color peculiar to the 
waters of the main river. It is stated by the older inhabitants of the 
region that the color bad been observed in the waters of the North 
Branch long before the erection of sawmills and tanneries, and in all 
probability must be accounted for by the presence of decaying vegetable 
matter from the forests. 

About 2 miles above Westernport, ::!.\iaryland, Savage River empties 
into the North Branch (see Pl. XVII, B). It is a small stream of 
great purity, having its head waters in Garrett County, West Yirginia. 
Only two small sawmills are located on its banks, and the pollution 
caused by them is insignificant. A discharge measurement made Octo
ber 27 at the mouth of the stream, above the intake of the Piedmont 
water supply, gave a discharge of 11.3 sec~md-feet. 

The town of Piedmont and part of Westernport are supplied with 
drinking water by a gravity system, from a reservoir which is kept 
filled by pumping water from Savage River. The quantity pumped 
daily is estimated at 375,000 gallons. 

One-half mile above Westernport, at Luke, Maryland, is the factory 
of the Piedmont Pulp and Paper Mill Company, which has a daily 
capacity of 40 tons of book paper and 50 tons of pulp. In the process 
of manufacturing the pulp from spruce and poplar wood the wood fiber 
is disintegrated by treating with bisulphite of lime, and a number of 
chemical residuals are formed which are discharged into the river. 
These chemicals consist principally of sulphates and sulpbites of cal
cium, some free sulphuric and sulphurous acids, chloride of calcium used 
in bleaching the fiber, and a large amount of resinous matter. An 
analysis, made of a sample of the effluent from one of the digesters, 
shows acids as follows: 

Grams per liter. 
SOa (sulphuric acid and sulphates) ...... __ ....... __ .... ___ ........ ___ .. . .. . 1. 030 
SOz (sulphurous acid, sulpho-acids, etc.) ..................... · .. __ .. __ .. . .. . 8. 800 
Total SO:J after complete oxidation ....................... __ .. . . .. .. .. . .. . .. 12. 030 

It further appears from the analysis that but little of the acid occurs 
in a free state, being chiefly combined with organic matter contained 
in the effluent. 

Besides these chemical compounds, wastes of a more solid nature are 
discharged into the river at this point. A small amount of pulp is lost 
in the washing of the fiber; its escape is more or less accidental, signi
fying a loss against which the owners of the mill keep careful watch. 
The sediments from the filter tanks, representing the materials carried 
in suspension by the river water, are screened out before the water can 
be used in the process of manufacturing pulp and paper, and are 
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returned into the river. The filtering plant, established solely for this 
purpose, was put in at a cost of $35,000. The water of the North 
Branch is, therefore, hardly fit for industrial purposes, much less for 
domestic use. The action of the acids on the clay contained in the 
water, together with the small amount of pulp referred to, fo~m a gray 
compound which is found to coat the stones in the bed of the river 
below the mill, and is frequently spoken of as waste pulp. 

The North. Branch, in passing the towns of Piedmont and Western
port, receives a large amount of impurity in the form of sewage and 
garbage, and is badly polluted by the water of Georges Creek, whi9h 
enters the river at Westernport (see Pl. XVIII). This small stream, 
in its course of 17miles, receives the effluents of a number of coal mines, 
besides the drainage and sewage of several towns, the. most important 
ofwhich·are Frostburg, Lonaconing, and Westernport, Maryland, with 
populations of 6,000, 4,200, and 2,000, respectively. 

When measured at Westernport September 28, the discharge of 
Georges Creek was found to be 6 second-feet, a very low stage. The 
water, which is very clear, possesses such acidity that horses and cattle 

·refuse to drink i't, and no living organisms can be seen in it. .An analy
sis shows acids as follows: 

Grams per liter. 
Combined sulphuric acid, as 803 ...................•••..... --·· ... --· ...... 0. 7350 
Free sulphuric acid, as 803·- _ ...... --· ............. -- --· .. _ --· ... _ --· ...... 0.1047 
Sulphurous acids and sulphites ............ ----·· -----· .................... None. 

The water also contains a large quantity of alumina. The presence 
of the sulphuric acid and sulphates is due to the large percentage of 
ferric sulphate contained in the coal-mine effluent. Being an unstable 
compound, it breaks up when acted upon by the oxygen of the air, 
parting with the iron which settles on the rocks in the bed, forming a 
coating of ferric hydroxide which gives to the entire stream a very 
rusty appearance. 

The North Branch, between Westernport, Maryland, and Keyser, 
West Virginia, bas little fall. Near the latter town it passes over an 
old milldam. The fall, though slight, causes a thick froth to form on 
the water, covering the entire river below the dam with a white coat 
of scum several inches deep, a strong evidence of the foulness of the 
water. The town of Keyser, which has an estimated population of 
3,500, although not situated on the banks of the North Branch, adds 
materially to the pollution of the latter. New Creek, a tributary of 
the North Branch, passes through the town and carries off besides 
sewage the effluents from the Keyser Woolen 1\.fills. The waste water 
resulting from the washing of the wool with sal so~a and soap prob
ably constitutes the most obnoxious element in this effluent, contain
ing as it does much animal matter subject to ~ecay. The pollution 
from this source alone is estimated at 1,200 gallons a day. Besides 
this, a variety of chemicals are discharged into the water, together 
with much coloring matter used in dyeing th"e wool. On New Creek 6 
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A, From a point near the confluence of the c1eek with the North Branch of Potomac 
River, looking upstream from the West Virginia Central and Pittsburg Railroad 
bridge; B, Looking upstream from the Washington street bridge. 
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miles above Keyser is situated a tannery owned by the United States 
Leather Company with a capacity of 60 hides a clay. All waste tan 
liquor is discharged into the creek, the waters of which are discolored 
for a distance of 3 miles below the tannery. There are two small saw
mills on this stream, but the sawdust discharged by them is insignifi
cant in amount. The discharge of New Creek was measured near its 
mouth on September 29, and found to be 3.5 second-feet .. 

There are a number of mills and manufactories of various kinds at 
Keyser, all of which were visited, but none were found to contribute 
in any measure to the pollution of the river. At the Baltimore and 
Ohio car shops, at the time of visit, a sewer to drain the sewage 
of the shops into the North Branch was under construction.. The 
number of hands employed aggregates 160. Along the 23 miles· of its 
course from Keyser down to Cumberland, 1\'laryland, the North Branch 
receives no pollution other than that from natural sources. A distil
lery on Cranberry Run and the works of the Cumberland Cement 
Company, both situated near Pinto post-office, were visited, but no 
wastes observed at these points. The river along this section has an 
average fall of 12 feet per mile and riffies are few in number. 

At Cumberland, Maryland, the North Branch assumes a totally dif 
ferent aspect. A tight dam maintained across the river at this point 
by the Chesapeake and Ohio Canal Company for diverting the water 
of the river into the head of the canal, impounds the water over a dis
tance of a mile, causing back water for about 3 miles up the river (see 
Pl. XX). Above this ~am is the mouth of Wills Creek, which flows 
through the city (see Pl. XIX), receiving a large quantity of sewage 
aud refuse from a paper mill, a brewery, a distillery, cement works, a 
tannery, dye works, and a gas plant. The city of Cumberland has a 
population of about 15,000. The· mayor states that about one-half of 
the houses in the city are provided with sewers which drain directly or 
indirectly into the Potomac. .A supply of 2,500,000 gallons of water is 
furnished daily to the people of the city, and the resulting drainage 
must be more than 1,000,000 gallons per day, most of which is dis
charged into Wills Creek. Along this stream are located a number of 
coal mines, the drainage of which also reaches the creek. .A discharge 
measurement made September 28 above the paper mill gave a dis
charge of 12.5 second-feet. As may be expected, the refuse thrown 
into Wills Creek, the polluting substances carried by the waters of the 
North Branch as enumerated above, and the sewage from the city of 
Cumberland accumulate in the pond above the darn as if in a settling 
basin. This is the case especially in sea.sous of low water, when no 
water passes over the crest of the dam. About 400 yards above the 
dam is the intake of the Cumberland waterworks; the water is pumped 
from the river directly into the water mains and is served to the inhab
itants without being purified through filter beds or other artificial 
means. Serious complaints have arisen from year to year during the 
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dry season, when the water, besides being unpala.table, is scarcely clean 
enough for laundering purposes. Of the large percentage of impuri
ties which the water contains at such times, a portion is doubtless made 
up of sewage from the city that bas backed up to the point of intake. 
The city authorities have for several years looked about for a better 
source of supply, but as yet no improvements have been made. 

Between Cumberland and the confluence with the South Branch the 
North Branch receives no a~tificial pollution so far as could be ascer
tained. It receives through this section two tributaries, Evitts Creek, 
entering from the north, and Patter~on Creek, from the south. The 
discharge of the former when measured at its mouth, September 25, 
1897, was 21 second-feet; that of the latter, 12.3 second-feet. There are 
a few small mills along these streams, but no indication of any source 
of contamination. 

A regular gaging station has been maintained for several years on 
the N ortb Branch at Cumberland, at the West Virginia Central and 
Pittsburg Railway bridge. .A description of the station and the loca
tion of the gage rod is contained in Water-Supply and Irrigation 
Paper No. 15, p. 15, together with a table of daily gage heights for 
1897 and a list of the discharge measurements made during the year. 
Observations at this station were discontinued in November, 1897. 

Rating table jo1· North Branch of Potomac River at Cumberland, Maryland. 

[This table is applicable from January 1,1897, to AuguRt 31, 1897.] 

Gage Discharge. height. 
Gafte 

heig t. Discharge. I Gage 
height. Discharge. Ga~e 

height. _:···~···I 
Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

2.5 80 3.4 835 4.3 3,015 5.2 5,535 
2.6 86 3.5 990 4.4 3,295 5.5 6,375 
2.7 110 3.6 1,165 4.5 3,575 6.0 6[,775 
2.8 140 3.7 1,365 4.6 3,855 7.0 10,575 
2.9 180 3.8 1, 615 4.7 4,135 8.0 13,375 
3.0 255 3.9 1,895 4.8 4,415 9.0 16,175 

I 3.1 375 4.0 2,175 4.9 4,695 10.0 18,975 

I 3.2 525 4.1 2,455 5.0 4,975 11.0 21,775 I 
I 

3.3 680 4.2 2, 735 5.1 5, 255 
! I 



U. S. GEOLOGICAL SURVEY NINETEENTH ANNUAL REPORT PART IV PL. XIX 

WILLS CR EEK AT CUMBERLAND, MARYLAND. 



NEWELL.] TRIBUTARIES OF POTOMAC RIVER. 147 

Estimated monthly discharge of North Branch of Potomac River at Cuntberland, Maryland. 

~Month. 
1897. 

January ............ 

February ........... 

March .............. 

April. .............. 

May ................ 

June ............ : . . , 

July ............... 

August ......... ····! 
September (a) ...... 
October (a) ....... ·I 

ec.-ft. s 
1 2,000 

1 1,000 

1 o, 000 

9,000 

8,000 

7,000 

6,000 

5,vuu 

4,vvv 

3,vv 

2 ......... 
I v• 

l,.GG: 

~~A~ F
0
EB I"'.~R'oH 

~ .. 
~ 

. 
I l 

[Drainage area, 891 square miles.] 

Discharge in second-feet. 

Total in 
acre-feet. Maxi- Mini- Mean. mum. mum. 

------

2,175 525 836 51,404 
20,375 835 3,610 200,489 
7,775 1, 165 2,744 168,720 
6,095 180 1,570 93,421 

11,975 180 2,162 132,936 
255 80 165 9,818 
525 85 199 12,236 
990 85 256 15,741 
525 10 70 4,165 
110 20 40 2,460 

a Approximate. 

~~R'o'" ~~A~ JUIII5 J:;l~ .';u~ s~ P~ 

1--

.... a.L j...aJ 

R=·~ 
Second-

Depth in feet per 
inches. square 

mile. 

1.08 0.94 
4.21 4.05 
3.55 3.08 
1. 96 1. 76 
2.79 2.42 
0.21 0.19 
0.25 0.22 
0.33 0.29 
0.09 

~ 0.04 4 

o
0
cf

0 
~ov0 .~(~ 

I() . ~~ 
~ 

..Ji ~ 
FIG. 34.-Discharge of North Branch of Potomac River at Cumberland, Maryland, 1897. 

Town Creek, which rise~ in Bedford County, Pennsylvania, and 
empties into the Potomac a few miles below the ~onfluence of the North 
and South branches, has good and clear water, bearing no evidence 
of pollution. There are two mills on the creek, besides several good 
but small water power~ as yet undeveloped. The discharge September 
25 was 11 second-feet. 
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Pursley Run, which discharges opposite Pawpaw, and Fifteenmile 
Creek, which discharges near Little Orleans, Maryland, are small 
streams with turbid waters. Each bad a discharge September 26 of 
0.5 second-foot. 

Sideling Creek rises in Bedford County and furnishes power to sev
eral gristmills and sawmills. Its waters are clear and are not polluted. 
The discharge September 26 was 1 second-foot. 

Little Tonoloway Creek rises in Fulton County, Pennsylvania, and 
discharges into the Potomac near Hancock, Maryland. Its discharge 
October 11 was 5.4 second-feet. There are two small flour mills on the 
creek, but no sources of pollution. 

Big Tonoloway Creek rises in Fulton County, J>ennsylvania, and 
empties into the Potomac 1 mile below Hancock. The discharge Octo
ber 1 was 5.6 secoud-feet. The power is utilized to drive flour mills. 

Licking Creek rises in Fulton County, rennsylvania, and discharges 
into the Potomac 8 mile~ below Hancock. The discharge October 1 
was. 22 second-feeL 

Big Spring Run is a short stream with a discharge October 7 of about 
4 second-feet. It empties into the Potomac near Clearspring, Mary
land, where a fall of 18 feet is obtained for mill power. 

Little Oonococheague Creek rises in Washington County, 1\'Iaryland, 
and empties into the Potomac 8 miles above Williamsport at John 
Charles's mill, which utilizes its power with a fall of 16 feet. The dis
charge October 7 was estimated to be 2.5 second-feet. 

Conococheague Creek rises in Franklin County, Pennsylvania, and 
empties into the Potomac at Williamsport, Maryland. The discharge 
October 2 was 197 s_econd-feet. A large tannery has been started at 
Williamsport, the refuse of which discharges directly into the river. 
The town bas a population of 1,500, but has i1either a public water sup
ply nor a drainage system. A large sawmill at this point derives water 
power from the Chesapeake and Ohio Canal, and discharges its saw
dust into the river. The Conococbeague is badly polluted by the 
sewage from Chambersburg, Pennsylvania, a city of 10,000 inhabitants~ 
provided with a public water supply derived from reservoirs, the water 
being pumped from the creek. There is no sewerage system, but there 
are many private sewers. Further pollution is caused by a mill of the 
Chambersburg Woolen Company, which derives 50 horsepower with a 
faU of 22 feet from a tributary of the creek, besides several slaughter
houses located on its banks. The power of the creek at this place is 
used by Wolf & Co. in the ma1nufacture of milling machinery, and by 
Sierer & Co., manufacturers of furniture, the aggregate fall utilized 
being 13 feet. 

Antietam Creek bas its source in Franklin County, Pennsylvania, and 
discharges into the Potomac about 8 miles above Harpers Ferry, West 
Virgiuia. The discharge, October 12, as measured near its mouth, when 
the gage at the regular gaging station at Sharpsburg, Maryland, read 



U. S. GEOLOGICAL SURVEY NINETEENTH ANNUAL REPOR T PART IV PL XX 

DAM AT CUMBERLAND, MARYLAND, FOR DIVERTING WAT ER INTO THE CHESAPEAKE AND OHIO CANAL. 



NE.WELL.] T-RIBUTARIES OF p()TOMAC RIVER. i49 

1.7 feet, was 120 second-feet. The power of -the stream is utilized by 
several flour mills, and at one point by the paper mill of Stonebraker & 
Co. The stream drains large areas of highly cultivated lands, bt~t 
the greatest source- of pollution is likely to be Marsh Run, a small 
tributary flowing through and draining Hagerstown, lVlarylaud, which 
has a population of 16,000. The town is supplied with water by a pri
vate corporation which guarantees to furnish 75 gallons per capita a 
day. The water is pumped to a reservoir from a spring about 8 miles 
fi·om town. Hagerstown is not provided with a public sewer system, 
but private cesspools exist and there is a system of public drains, dis
charging into Marsh Run, the effluent of one being of an exceedingly 
offensive character. Marsh Run h~d a discharge, October 9, of 4 
second-feet. 

Following are the results of observations and discharge measure
ments made on Antietam Creek at the regular gaging station estab
lished June 24, 1897, and described in Water-Supply and Irrigation 
Paper No. 15, p. 16: 

Rating table for A ntietarn, Creek at Sltmpsburg, 1lfaryland, .fm· 1897. 

Gage 
lleigl1t. 

Feet. 

I 
Discliarge.lll G.a\~ Discharge. I II lClg . I 
----~---- ___ , 

Gage 
l1eight. 

Feet. 

. I Gage :::::l 
D1scl•arge. 

1 

height. D:~rge.

1
: 

1.2 

1.3 

Second-f~et. I Feet. Seco11cl-jeet.l Second-feet. II Feet. Second-feet.! 

38 'I 1. 7 1 138 ! 2. 2 304 2. 7 470 

45 1. 8 I 171 1: 2.::; 337 2. 8 503 
1. 4 60 1. 9 205 2. 4 371 2. 9 537 

1 :·~·-----8-o--"~--2-.o--~---2-3-8~~---2-._5_·~---4-0-4~~-3-·-o~-- 570 I L,_ 105 2.1 ' 271 I 2.6 437 

E13t'imatecl monthly fl'isc71a1'fJe of Antietam, Creek nt Sha1·psburg, ]farylctnfl. 

[Drainag-e area, 293 square miles.] 

Discharge in secmHl-feet. 

Maxi
n1nm. I

, ::\Tiui-

I-R-nn-~ 
Tota~-~~~-acre· I ~I 

Depth in feet per 
lHnnl. :Mean. inches. sqnare 

mile. 

1--------------::--- ----- ---1-----

1897. 

July.·----·---· .... 
1 

271 92 160 9,838 0.63 0.55 

August.-------·---- 570 60 168 10,329 0.66 0.57 
September.--·- ____ I 205 60 112 6,664 0. 43 0.38 
October . ____ .. ____ ·I 171 60 106 6,518 0.41 0.36 
N ovem her . _ .. _____ . 470 60 147 8,746 0.56 

-~ Decem her . _ .. _____ -\ 404 105 237 14,573 0.93 1 
I 
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FIG. 35.-Discharge of Antietam Creek at Sharpsburg, Maryland, 1897. 
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The principal station for ascertaining the quantity of flow of Shenan
doah River is at Millville, West Virginia, at a point about 4 miles 
above Harpers Ferry. The station is described in Water-Supply and 
Irrigation Paper, No. 15, p.l9. The bulletin referred to also contains 
the daily gage heights for 1897 and the discharge measurements 
made during the year. With the aid of these and measurements from 
previous years a rating curve was constructed and a rating table 
computed. 

Rating table for Shenandoah River at Millville, WeBt Virginia, for 1897. 

Ga~e 
heig t. Dischal'ge. Gafte 

heig t. Discharge. 

Feet. Second-feet. Feet. Second-feet. 

0.3 600 1.6 1,650 
0.4 620 1.8 1, 960 
0.5 650. 2.0 2, 310 
0.6 710 2.2 2,700 
0.7 780 2.4 3, 100 
0.8 850 2.6 3,500 
0.9 920 2.8 3, 930 
1.0 990 3.0 4,370 

L£ 1,160 3.2 4,840 
1,390 3.4 5, 320 4 

I 

Gafhe 
heig t. Discharge. 

Feet. Second-feet. 

3.6 5,800 
3.8 6,280 
4.0 6,800 
4.2 7,320 
4.4 7, 900 
4.6 8,510 
4.8 9,160 
5.0 9,830 
5.2 10,530 
5.4 11,240 

Gage 
height. 

Feet. 

5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 

Di 

-
& cond-jeet. 

11,970 
12,700 
13,430 
14,160 
14,890 
1 5,620 
16,350 
17,080 

_j 
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Estimated nwnthly discharge of Shenandoah River at Millville, West Virginia. 

[Drainage area,2,995 square miles.] 

~Month. Discharge in second-feet. Run-off. 

Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

---
1897 . 

• January ________ _. ___ 1,650 990 1,185 72,863 0.46 0.40 
February __________ 28,310 1, 070 10,107 561,315 3.51 3.37 
March .... ___ .------ 6,040 2,310 4,579 281,552 1. 76 1. 53 
ApriL ____ .......................... 3,100 1, 390 2,374 141,263 0.88 0.79 

MaY---------------- 25,290 1,390 5,579 . 343,040 2.14 1.86 

June--------------. 2,130 920 1, 391" 82,770 0.52 0.46 
July. ____ ---- ...... 3,500 850 1,267 77,905 0.48 0.42 
August .... _________ 1,390 710 886 54,478 0.35 0.30 
September ..... __ .. 1, 215 620 661 39,332 0.24 0.22 

October------------ 920 610 684 42,058 0.26 0. 23' 
November ..... _._ .. 1,270 650 791 47,068 0.29 0.26 

I December·--··----· 3,700 710 i,420 87,312 0.54 

~ ---610j The year·---·_ 28,310 2,577 1,830,956 11.43 0.86 

20, ')!:!: 

18, 000 t-t-+-+-t-ifl-+-t--t-+-11-tt+-t--t-+-11-+-t--t-+-t-t-+-+-+-+-~-t--t--t-t-t-t--t 

16,000~~~4-~-+~4-~~~H-4-~~~4-+-r1-+~4-+-~~~+-~-+4 

14, OOOH--t---t--tt1_,-t--t--t-HHI+1H--t-HH--+-t-+-H-t-t--t-+-H-+--!--+-H-+---i 

12, 000 t--t--+--t-

10, 000 1-+-t--+-

8, 000 .-.+-+--+-

6, 000 .-.+-+--+-

4,000---

2,000t---

o~ 
I 

Ll ' 
FIG. 36.-Diachargeof Shenandoah River at Millville, West Vir~nia, 1897. 
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Catoctin Creek of Maryland has its source in Frederick County, 
and joins the Potomac 3 miles above Point of Rocks. The discharge 
October 14 was 20 ·second-feet. There are t.wo small flour mills on the 
creek. 

Measurements of flow and daily observations on Potomac River 
proper were made at the regular gaging station at Point of Rocks. 
The rating· table for 1897 is the same as that fpr 1896, published in 
the Eighteenth Annual Report, Part IV, p. 31. In Water.Supply and 
Irrigation Paper No. 15, p. 21, where a description of the station is 
given, it is Rtated that the gage wire had stretched, but that the 
height.s had been corrected, those in August and September being 
approximated. It was subsequently found thf..t the correction should 
be applied earlier, beginning April I, 1897, and that the discharges for 
this station, as published in Senate Doc. No. 90, Fifty-fifth Congress, 
second session, are in error. They have been corrected in the fol1owing 
table: 

Estimated monthly discharge of Potomac Ri1'C1" at Point of Rocks, ]11m·yla11(l. 

[Drainage area, 9,6ii4 square miles.] 

i 

Maxi- I Mini-
munl. n1um. 

I 

J',fonth. 
}\{ean. 

' -;,:::;;::-1 
Total in acre- Second-

feet. 

1

! Depth in feet per 
inches. sqnare 

mile. 

,.., ~--.-~-------~--------

189/. I I i 
JanuarY-----···----~~ 8,950 I 3,050 4,885 
Pebrnary . ____ . __ .. 187, 640 7, 150 I 41, 690 

March _. _____ . ____ . i 29, 100 11,650 20,157 

April . _ .. ____ . _. _.. 28,000 7, 150 ; 12, 314 

May _ . ______ .. __ . _ . 99, 280 7, 150 
1 

22, 605 

.June .. ___ . ____ .. _ . . 8, 050 4-, 500 1 6, 320 

July _ ... _. __ . _____ . 9, 850 3, 400 . 5, 424 

800 935 

August _________ . __ . 5, 900 

September _____ . __ ·I 2, 400 
Oetober .. ____ . ____ . 1, 400 ' 

2,400: 3,574 

1, 000 ,. 1, 350 

November ____ ._. __ . i'l, 200 , 1, 400 
1 

2, 720 

December __________ 18,860, 3,400 7,140 
---- --- ------

The year ... _. 187,640 \ 
I 

8oo 10, 76s 1 

306,515 0.60 0.52 

2,315,344 4.50 4.32 

1,239,405 2.41 2.09 

732,734 1. 43 1. 28 

1,389,927 2.70 2.34 

376,066 0.72 0.65 

333,509 ' 0.64 0. 56 

219,757 i 0.43 0.37 

80,330 1 0. 16 0. 14 

57,490 • 0.12 0. 10 

161,851 1 0.31 0. 28 

439, 0·_)'). : 0 8:; 0 7 1 

- ·-~~- ___ · _..,_1 
7, 651, 950 1 H. 87 1.12 

I --------- ----- --
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FIG. 37.-Discharge of :Potomac River at Point of Rocks, Maryland, 1897. 
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South Tuscarora Creek, a small stream with a discharge October 15 
of 3 second-feet, has its source in Frederick County, and joins the 
Potomac 4 miles below Point of Rocks. 

Monocacy River rises in Adams County, Pennsylvania, and bas a 
drainage area of about 1,000 square miles, the greater portion of it 
being a rolling limestone country of highly cultivated farms. Its waters 
consequently carry much muddy matter in suspension and appear turbid. 
The greatest pollution received by it comes from Carroll Creek, which 
in its course through :Frederick, Maryland, a town of10,000 inhabitants, 
receives a large amount of sewage and surface drainage. Frederick is 
supplied with water by direct pumping, the av~rage consumption being 
50 gallons per capita a day. There is no sewer system, but private 
cesspools and public surface draim; abound. Pollution is further 
caused by two tanneries, each with a capacity of 50 hides a week, dye
stuffs and washings from the Union Knitting 1\'lills, and sewage from 
the Frederick County almshouse. Carroll Creek had a discharge Octo
ber 14 of 6 second-feet. A. flour mill located on the creek obtains water 
power with a 14-foot fall. There are few good mill sites on the Monoc
acy, owing largely to its moderate fall; but some o.f its tributaries are 
more favorable in this respect, and furnish power to a number of mills. 
The discharge of the Monocacy October 15, measured at its moutu, 
7 miles below Point of Rocks, was 219 second-feet, when the gage 
at Frederick read 4.4 feet. This station is described in Water-Supply 
and Irrigation Paper No. 15, p. 20. Following are the results of 
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observations and discharge measurements made at the station during. 
the year 1897 : · 

Rating table for Monocacy River at Frederick, Maryland, for 189?'. 

I 
Gage 

height. 

. Feet. 

3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 

L£ 

Discharge. 

Second-feet. 

45 
90 

150 
210 
270 
340 
420 
500 
600 
700 
800 
900 

Gage Discharge. height. 

Feet . Second-feet. 

6.0 1,020 
6.2 1,192 
6.4 1,364 
6.6 1,536 
6.8 1, 708 
7.0 1,880 
7.2 2,052 
7.4 2,224 
7.6 2, 396 
7.8 2,568 
8.0 2,740 
8.2 2,912 

Ga~e Discharge. Ga~ Diecha<go.l heig t. heig t. 

1.-

Feet. Second-feet. Feet. Second-feet. 

8.4 3,084 10.8 5,148 
8.6 '3,256 11.0 5,320 
8.8 3,428 11.5 5, 750 
9.0 3,600 12.0 6,180 
9.2 3,772 12.5 6, 610 
9.4 3,944 13.0 7,040 
9.6 4,116 13.5 7,470 
9.8 4,288 14.0 7,900 

10.0 4,460 14.5 8,330 
10.2 4,632 15.0 8,760 
10.4 4,804 15.5 9,190 
10.6 4,976 16.0 9,620 

Estirnated rnonthly discharge of Monocacy River at Frederick, Maryland. 

[Drainage area 665 square miles.] 

Discharge in second-feet. Run-off. 

Month. Total in acre· Second-feet. Maxi- Mini- Mean. · Depth in feet per 
mum. mum. 'inches. square 

mile. 

I I 

1897. I 

Jan nary .. ___ .. ___ .. 750 150 324 19,922 . 0.561 0.49 
February ------ ____ 8,760 210 I 2, 012 111, 741 3.15 3.03 
March -- .. -- .......... - -- 4,288 600 1, 435 88,235 2.47 2.14 

April ------ ................ 3,858 340 932 55,458 1.56 1.40 

May--------------- 9,276 240 1,598 98,257 2.77 2.40 

June ...... --------- 2,310 210 515 30,645 0.85 0.77 

July-------------·- 4,374 210 734 45,132 1.27 1.10 
August ______ -----·. 9,792 180 939 57,737 1.61 1. 40 

Septenaber --------· 8251 105 193 11,484 0.32 0.29 
October ...... ______ 255 77 134 8,239 0.23 0.20 
November·-·--· ____ 8,631 322 1,007 59,921 1. 70 1. 52 I December .......... 8,717 575 1, 976 121,500 3.43 2.91 

he year .. ___ . _ 9.792 77 983 708,271 19.92 1. 48 

I 
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ll,OC "''')"Ot--1-+-+-H+-1-+-H-++-1-+-HH+-1-+-HH-++-1--f-H-+-t-+-H-t--t 
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FIG. 38.-Discharge of Monocacy River at Frederick, Maryland, 1897. 

Seneca Creek has. its head waters in Montgomery County, Maryland, 
and empties into the Potomac 10 miles above Great Falls. Its dis
charge October 15 was 25 second-feet. It furnishes power to several 
mills, one near its mouth util1zing a fall of 14 feet. No pollution was 
observed. 

Rock Creek has its source in Montgomery County, and discharges 
into the Potomac at Washington, District of Columbia. In its course 
through Georgetown it receives much sewage and refuse. There are 
no mill sites on it of any importance. A regular gaging station is 
maintained at the bridge in the National Zoological Park, a descrip
tion of which, containing also the daily observations and discharge 
measurements made during the year 1897, will be found in Water
Supply and Irrigation Paper No. 15, p. 22. There was not a suffi
cient number of measurements on which to base a rating table. 

Table of indu3tries and sources of pollution along the North Branch of Potomac River. 

~e_a_m_. ____ 
1 

______ L_oc_a_u_tY_·-----I-----I_n_d_u_st-ry_. _____ 
1 

______ P_o_u_u_ti-on_. ____ __ 

~~ranch ... Cedar Cliff, W.Va ...... Cementmill .......... None. 
Do ........... Pinto,Md .................... do................ Do. 
Do ........... Keyser, W.Va ........•. B. and 0. carshops .... Sewage. 

New Creek ............ do .. .. .. . . . .. .. • • • .. Woolen mill . . . . . . .. .. Dyes, wool washings. 
Do ................ do .......................................... Sewage. 
Do........... New Creek, W.Va...... Tannery.............. Tan liquor, limewater. 
Do........... Mineral County • . • • . . . . 2 sawmills............ Sawdust (amount insig-

nificant). 
North Branch ... Piedmont, W.Va ............................... Sewage and garbage. 
Georges Creek ... Westernport, Md....... ...... .................. Do. 
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Table of indust1·ies and sotwces of pollution along the N01·th Branch of Potomac River-
Continued.. · 

~am. l LocaUty. Jndu•tcy. I Pollution~ 
Georges Creek ... Lonaconing,T Md ......... ------ ----~. ---- .. ---.- .

1

J Sewage ~nd garb~~ 
Do........... Between \\ estern port 25 coal mmes . . . . . . . . . Iron oxides aml sui-

and Frostburg, :lld. . phates. 
:Xorth Branch ... Luke, Md .............. _I Pulp mill. ____ ........ \Vaste pulp, sulphites, 

I 
sulphates. 

Savage River.... Frankville, .Md . . . . . . . • . Sawmill . . . . . . . . . . . . . . Sawdust. 

Do ........... NewGerm::my,Md ........... do------··-----·-- Do. 
~orth Branch ... Empire, \\T. Va .......... Coal mine............. Iron oxides and sul-

phates. 

Do ........... Windom, IV. Va ............. do---------------- Do. 
Do........... Linwood, W. Va ...... __ Sawmill ........ __ ..... Sawdust. 

Do ........... Shaw, W.Va ................ do---------------- Do. 
ThreeForksRun. Chaffee,Md .................. do---------------- Do. 
:X orth .Dranch . . . Blaine, Md.... . • . . . . . . . Woolen mill a . . . . . . . . Insigni:ficimt. 

Do ................ do __ .... __ .......... Grist and saw mill a .. , Sawdust. 
Do ........... N'carHarrison, W.Va .. Sawmill ........... _... Do. 

Abram Creek.... Emory, \\T. Va ............... do . .. .. .. .. .. .. . .. Do. 
Do ........... ElkGartlen,W.Va ..... Coalmines ............ Iron oxides and sul-

phates. 

North Brauch ... Maple Run, W.Va ...... Sawmill------------ .. Sawdust. 
Do ........... Schell, Md ................... do---------------- Do. 
Do ........... Bradshaw, Md ............... do---------------- Do. 
Do .. __ .... . .. Gormania, W. Va .. .. . .. Tannery ............ .. \Vasteliquor, limewater, 

and tan bark. 
Sawdust. 

Do. 

a Steam power is made use of by the above industries, with the exception of the mills at Blaine; 
the woolen mill utilizes a fall of 7~ feet and the grist and saw mill one of 9 feet, the powers obtained 
being 8 and 25 horsepower, respectively. 

Table of water powers and sozwces of pollution in the Shenandoah Basin. 

[:'.fills using steam power are 1~arketl with an asterisk (*) in the column headed "Total fall utilized."] 

! Total 

I N'um-
1~~\i1 h~::~-

1 

Pollution. ber of 
I mills. util- P~;[t I 
1 ized. ized. I 

______________ ! _______ ----------

1 I l 

Locality. Imlnstr_r. 

Peet. 
Shenandoah RiYer.; Harpers Ferry,, Pulpmill ....... : Woodand bark 

I \Y. Va. ; ; chips. 
Flowing Run------ Halltown, \\T. Va ... Strawboardfac- I Effinant from 

•

1 I tory. . ' strawwashing. 
Do .................. do ____________ !.Gristmill ....... \ None----------- 14 10 1 

Shenandoah River., Milldlle, W. "'a--: .Flourmill ...... 
1 .~ ... do ----------. 1 15 70 

1 2! 1, 500 

1 I <*> 

I 
~vitt Run ____ ... __ Charlestown, W. ' Pumping plant - . -- .. do ---------- 16 181 

I Va. I ; 

--·~~~ ... _ .. _.do ........... -~-Tanner~~~an l_iq_u_o_r_._-_--_-_-__ .1_· _<_~_> __ -_--_-_·_--___.: 
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. Table of water powm·s and so1wce.s of pollution i1t the Shenandoah. Basin-Continued. 

Num- Total 
Stream. Locality. Industry. Pollution. ber of fa~11 mills. nti. 

Total 
net 

horse
}Jower 
util
ized. 

1---J----1---:---1 ize(l. --
___ , ___ 

:Feet. ! 
Evitt Run ......... Charlestown, W. 

Ya. 
Gasplant ....... Gas water 

(amount in
significant). 

Do ............. Jefferson County. Flourand grist None··----·----

mills. 
BullskinRun ...... Kabletown,\V.Va. Flour aml saw ..... do---------· 

mill. 
Long Marsh Run __ Jeflers on and Flour and grist , _ .... do ____ ..... . 

Clarke counties. mills. 

Crystal Run -.-... . Clarke County.... :Flour, grist, and 

saw mill. 

Sawdust ........ . 
I 

D•'-----········ ..... do ............ ·Flonrand grist None ........... 1 

mill. 
Springonleftbank 8!milesupst.ream ..... do ............... do ......... . 

of Shenandoah. from Cast 1 c. I 
mans Ferry .... . 

Parker Creek ...... Millwood, Va. _ ... Flour and grist i_ .... do ......... . 

mills. 
Stone Bridge Rlin .. Milhlale, Va ........... do ............... do ......... . 

\VappanRun ...... WarrenCounty ........ do .......... : ..... do ........ .. 

Crooked Run ............ do .................. do ............... do ....... .. 
Happy Creek ..... l ..... do ................. do ............... do ......... . 
South Fork........ Riverton, Va...... Flour mill .......... do .... _ ... .. 

Gooneys Creek . . . . Browntown, Va... Tannery........ Tau liquor and 
limewater. 

Do ............. WarrenCouuty ... Flouraml grist None .......... . 

mills. 
Flint Run .............. do ................. do ............... do ........ .. 
South Fork ........ Near Bentonville, Gristmill _ ...... 1 

..... do ........ .. 

Va. 

Overall Run ....... Overall, Va ....... Barrel- stave 

factory. 

Tan liquor 

(amount tri
fling). 

i 

Do ................. :do ............ Sawmill ........ Sawdust ........ ! 

Dry Run .......... ·. Page County .......... do .......... , ..... do ....... _ .. \ 
Jeremiah Run ..... Rileyville, Va ..... Flour and grist None _ ......... . 

mill. 
South Fork ........ Near Rileyville, ..... do ......... .' ..... do---------

Va. 
Hawks bill Creek .. Page County ........... (lo ............... do ......... . 
Pass Run ..... - . _ . . Springfield, Va .. __ .... do ............... do . __ .. _ ... . 

Do ............. PageCounty ...... ' ..... do ............... do ........ .. 

Dry Run ................ do ................. do ............... do ........ .. 

MillCreek .............. do------------' Grist and saw ..... do ....... .. 
mill. 

I 
Near Massanut- Flour and grist ..... do ......... . 

T ten, Va. I mill. , 

N~'::::~. Page !' .... do ......... T .... do ......... . 

South Fork ..... 

L:=.· 

1 l ........ i ........ 
I 
I 

21 
3G 45 

1: 14 8 
I 

21 {?) ( ?) 

1 25 ~5 

1 20 18 

31! 8 

34 45 

2 35 35 

2 37 15 

2 20 18 

48 30 

1 70 

1 (•) 

55 50 

13 10 

10 

(*) 

1 I {?) {1) 

1l 14 10 

13 12 

4 8 

60 68 

15 15 

4 U> (?) 

1 15 12 

16 10 

8 18 

(1) {1) 

I - -
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Table of 1vater powers and sources of pollution in the Shenandoah Basin-Continued. 

Stream. Locality. Industry. Pollution. I
Num· Total 
ber of fa1l 
mills. i~~t 

Total 
net 

horse
power 
utH
ized. 

l----------------l--------------l-------------1-------------l---------------

South Fork........ Grove Hill County Flour and grist None .......... . 
milL 

Naked Creek . . . . . . R o c kin g h a m ..... do ............... do ....... _ .. 
County. 

Elk Run ........... Elkton, Va ........ Tannery .. - ..... Tan liquor and 

limewater. 
South Fork ............. do ......... _ . . Manganese Ore Ore washings .. . 

Co. 
Do ............. Millbank, Va ..... Flour and grist None .......... . 

mill. 
Do ............. Riverbank, Va ......... do ............... do ......... . 
Do............. Yancey, Va ............ do ............... do ......... . 
Do ............. Almond, Va ........... do ............... do ......... . 

CubRun ........... PenLaird, Va .......... do ............... do ......... . 
Do.. . . . . . . . . . . . Keezletown, Va. . . Gristmill ............ do ......... . 
Do ...........•...... do ............ Tannery ........ Insignificant .. . 
Do .................. do ............ Barrel-stave ..... do ......... . 

factory. 
Do .................. do ............ Grist and saw Sawdust ....... . 

mill. 
South Fork ........ Lynwood,Va ..... Flourand grist None .......... . 

mill. 
South River ...... -~ PortRepublic,Va ...... do ............... d~ ..... ~ ... . 

Do .................. do ............ Tannery ....... Tanltquor,hme-

water, and tan 
bark. 

Do. . . . . . . . . . . . . Grottoes, Va. . . . . . Flour and grist None .......... . 

I 
mill. 

Do ............. i Harriston, Va..... Grist and shin- Sawdust ....... _ 
glemill. 

Do ............. , KoinerStore,Va .. Grist and saw ..... do ......... . 

Do ............. ! Crimora Station, 
I Va. 

Do ............. , ..... do ........... . 

Do ....... ·-·---~ Doom Station, Va. 

Do .................. do ........... . 
Do ............. Below Basic City, 

Va. 

mill. 

Flour and grist None .......... . 
mill. 

Gristmill ............ do ......... . 
Grist and saw 

mill. 
Sawdust ....... . 

Flour mill ...... None .......... . 
Gristmill ............ do ......... . 

Do ...... :...... Waynesboro, Va ....... do ............... do ......... . 

Do .................. do ............ H~!~::~~-ram ..... do .......... 
1 

Do ............. 2 miles above Flour and grist ..... do ......... . 
Waynesboro, Va. mill. 

Back Creek........ Augusta County.. Gristmill ............ do ......... . 
South River ....... Lyndhurst, Va .... Flour and grist ..... do ......... . 

mill. 
Mill Creek ......... Goods Mill, Va ........ do ............... do ......... . 

I 

1 

1 

1 

1 

1 

1 

2 

1 

1 

Feet. 

U> 

30 

(") 

(*) 

6 

(1) 

{1) 

26 

(1) 

(*) 

(*) 

27 

• 8 

10! 
(*) 

(1) 

(1) 

7 

7 

8 

7 

7! 

9 

8 

7 

12 

12 

23 

I 

(1) 

35 

70 

40 
15. 

(1) 

25 

(1) 

14 

66 

60 

60 

15 

12 

100 

( 1) 

15 

51 

{1) 

100 

75 

42 

20 

40 

22 
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Table of ·water potverB and BourceB of pollution i1i the Shenandoah RaBin-Continued. 

Locality. Ind.ustry. Pollution. 

MillCreek ............................. Grist and saw Sawdust ....... . 

. . . :"~~ ....... ·I· ... do •••••.••. Middle River...... Mount Meridian, 
Va. 

Do ............. Knightly, Va ..... Flour and saw ..... do ......... . 
mill. 

Do.~ ........... New Hope,Va .... Flour and grist None ......... .. 
mill. 

Long Me ad ow Augusta County.. Grist and saw I Sawdust ....... . 
Creek. mill. 

Christian Creek ........ do • . . . . . . . . . . . Flour and grist None .......... . 
mills. 

Lewis Creek..... .. Staunton, Va . .. .. Bone and plaster ..... do ......... . 
mill. 

Do .................. do ............ Ice factory ........... do ........ .. 
Do .................. do .. . . . . .. . . . . .. ....... -....... ·I Sewage ........ . 

MiddleRiver ...... Verona,Va ....... Flourmill ...... None ......... .. 
Do ............. Longglade, Va .... Flour and grist ..... do ........ .. 

mill. 
Do ............ . .. ... do ............... flo ........ .. 

Jennings :Branch . . Near Churchville, Gristmill ............ do •......... 
Va. 

Do .................. do ............ Flour and grist ..... do ........ .. 
mill. 

Do ............. Churchville, Va ........ do .............. do ........ .. 
Whisky Creek..... Near Churchville, Grist and plan- Sawdust ....... . 

Va. ingmill. 
Do .................. do ............ Gristmill ....... None .......... . 
Do· .................. do ............ Gristandshingle Sawdust ...... .. 

mill. 
Middle River...... South of Church- Flour and grist None •.......... 

ville, V a. mill. 
Do .................. do ............ Barrel-head mill. Sawdust ...... .. 
Do .................. do ............ Carriagefactory. None .......... . 
Do ............. Valley Mills, Va .. Flour and grist ..... do ........ .. 

mill. 
Do ............. NearSwoope,Va ....... do ............... do ......... . 

North River ....... Weyer Cave Sta- Flour mill ........... do ........ .. 
tion, Va. 

Naked Creek ...... Burketown, Va ........ do ............... do ........ .. 
Do............. Stonewall, Va..... Flour and grist ..... do ......... . 

mill. 
North River ....... Mount Crawford ..... do ............... do ........ .. 

Station, Va. 
Cooks Creek . . . . . . . Mount Crawford, Grist and saw Sawdust ....... . 

Va. .mill. 
Do ............. Dayton, Va ....... Flour and grist None ......... .. 

mill. 
Do .................. do ................. do ............•.. do ......... . 

Num· 
berof 
mills. 

1 

Total 
fall 
uti!-
ized. 

---
Feet. 

10 

4! 

11 

8 

( 7) 

22 

12 

29 

(*) 

9 

{1) 

6 

(1) 

12 

12 

12 

12 

14 

16 

18 

(1) 

18 

19 

Total 
net 

horse-
power 
uti!-
ized. 

---

15 

10 

45 

40 

(1) 

45 

14 

46 

88 

(1) 

25 

(1) 

10 

15 

6 

27 

22 

{1) 

42 

(1) 

45 

15 

15 

35 

9! 10 

(7) (7) hJ L-----------~------------~--------------------~--~----
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Table of water powers and sou1·ces of 11ollntion _in the Shenandoah Basin-Continued. 

~ 
j Stream. Locality. Industry. Pollution. 

I I 
Blacks Run........ Harrisonburg, Va. Tannery ........ I Tan liquor, lime-

/ / water, etc. 
North River ....... Mount Crawford, 1 Flour and grist I .None .......... . 

Do .. : .... _____ .
1 

B:~~ewater, Va .. 1 .. -~~~~ ............... do ......... . 
Do ................. do .......... __I \\T oolen milL ... \ Dyes, wool wash-

1' 1 ings, etc. ( 
.... llo ............ Carriageshops .. \ Sawdust,etc .... ' 

Dry River........ X ear Bridge- Flour and grist None .......... . 
water, Va. mill. I 

Do ........ .. 

Do....... :Montezuma, Va... Cider press- ... ·I Apple pomace .. . 

Do .................. do ............ 

1 

G~:1~:l.and saw I Sawduat ........ 

1 Mossy Creek ...... Mossy Creek, Va .. Flour, grist, and I Applepoma~e- .. , 
cidermm. I 

Do ............. Mount Solon, Va --~ Flonr and grist 1 None ...... : .... j 

mill. I 
North Fork........ Riverton, Va...... Grist and saw Sawdust ........ 

mill. 
Passage Creek ..... Near mouth . . . . . . Flour and grist None ... , ...... . 

mill. 
Do.... . .. .. .. .. Buckton, Va .. _... GristmilL .... do .. __ .... .. 
Do .................. do------------ ]'lour and saw Sawdust. ...... . 

mill. 
Do ............. Dilbeck, Va ............ do ............... do ........ .. 

Branch of Passage Fort Crossroads, Grist and saw ..... do ......... . 
Creek. Va. mill. 

Passage Creek ..... Near Fort Cross- Flour and saw ..... do ......... . 
roads, Va. mill. 

Do ............. Edltb,Va ......... Flourand grist None-------·---
mill. 

Do------------ ..... do------······ Grist and saw Sawdust.. ...••.. 

I 
mill. 

Cedar Creek and S h e n an d o a h Flour aml gri8t 
tributaries. County. mills. 

Cedar Creek ...... ·\ Zepp, V a .......... j Tannery ....... . 
Spring .............. Near Strasburg, VI Gristmill ...... . 

Do ............. 

11

1 St<aaburg,Va ..... Tann,y........ ~~:;~nt tri-~ 

Tumbling Run..... Fishers Hill, Va. . . Flour and grist I None .......... . 

. - --. - . - - ~ - - - --- - . 

Tan liquor ...... 
None ........... 
Tan liquor 

I I Total I 
Num- fall horse-

\ 

Total net 
berof . 
mills. ~tt1l- I po'Yer I 

tzed. util- I 
; ized. I 

Feet. 

(*) ····----! 
I 

6 ' 25 

16 120 
10 ' 18 

10 32 

10 18 

(*) 

10 16 

10 44 

i 
15 16 

- I 12 . ! 
ul 10 

i 
13 ! 15 

20 30 

U! 

14 10 

11 8 

18 

101 112 I 130 
I I I 

-----I 1 i (*) 

I 2-! 12 : 
(*) 

I 1 0 26 18 

mill. I 
' TomsBrook ....... l Toms Brook,Va .. Barrel-stavefac- Tauliquor...... (*) 1

1

, ....... . 

tory. 
Do .........••• ·I S h e n a n d o a h Flour and grist 

1 
None . . . . . . . . . . . 4 72 i 36 

1 County. mills. I 
Stony Creek ....... : Eden burg, Va .......... do ............... do .. ----.... 38 ~· 110 ! 

Do ..... _._-_--_-_-____ :_L--an--tz_~ __ i_ll_,_v_a __ ·_·_-~-~~F--lo_u_r_,g_r_i_s_t,_an __ d ___ Sa_w __ d_u_s_t_--_-_-_--_-_· ___________ 13 li ~ 1v8 I _ l saw mill. _L___j 
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Table of water powers and sources ofpolltttion in the Shenandoah Basin-Continued. 

Industry. 
I Total T~~!:l I 

Num. fall horse. 
b~~lofl uti!- power 
mt s. izetl. util-

Locality. Pollution. 

ized. 

------------1--1--1--1-1-;;:;--
Stony Creek ....... Lantz :Mill, Va .... 1 Grist and saw Sawdust........ 1 (?) (?) 

mm . 
"no ............. Columbia Fur- Gristmill ....... None----------- 11! 15 

nace, Va. 
Do ..•...•...... Liberty :Furnace, .••............... .................. 1 (?) 

Va. I North Fork ........ Hawkinstown,Va. Flour,grist,and Sawdust........ 1

2 

sawmill. 
:Mill Creek......... Mount Jackson, Flour and grist None ........•.. 

15 

(?) 

8 ~0 

40 55 

va.. mills. 
Do .................. do ............ Sawmill ........ Sawdust ....... . 12 (?) 

Do .................. do ............ Woolenmill .... None .......... . 12 (?) 

Do ............. Rinkerton,Va .... Flour, grist, and Sawdust ....... . 16 20 

saw mill. 
Flour and grist None .......... . 

mill. 
Do ............. MountClifton,Va 

Linville Creek ..... l Broadway,Va ... .. 
Do ............. i·····do ........... . 

Machine shop ........ do ........ .. 
Grist and ~:~aw Sawdust ....... . 

6 

12 

15 

I mill. 
Do ............. · ..... tlo ............ Flour and grist None ......... .. 16 :;o 

I mill. 

Do ....... ------1 R ~0c0~t~~ g ham ..•.. do ..•••.••....•.. do ...•...•.. 

Smtths Creek ...... , LaceySpr1~gs,Va. ----_-do:--------- ..... do ........ .. 
Do ............. TenthLegwn,Va. Gnstm1U ............ do ........ .. 
Do ............. , .................... Flour and grist ..... do ......... . 

(?) (?) 

14 33 

12 (?) 

(?) (?) 

Holn)ans Creek .••. 
i mills. 

Quicksburg, Va ... Sawmill ........ 

1 

Sawdust ....... . 
North Fork ........ ~ Newmarket, Va ... Flour aml grist None .......... . 

\ mill. 

(?l 

71 
(?) 

33 

16 30 

I 

sp<iug ... ___ .. ____ . N-;:xowm><k•t •..... do -------··r··-•0 ......... . 

I No,:F~~~:::::~. :~::;:;~~::~~:::1 :: .. :: :::::::::·~::::::: :::::::::: "L~ 7 ~0 

1 I (?) .I ( ?) 

NORTH RIVER . 

.A gaging station on North River is located 1 mile above its mouth, 
at Glasgow, Virginia, and is described in Water Supply and Irrigation 
Paper No. 15, p. 23. Th~ 1896 rating table, published in the Eighteenth 
.Annual Report, Part IV, p. 37, was found applicable to the 1897 
measurements. 

19 GEOL, Pl' 4--11 



162 PROGRESS OF STREAM MEASUREMENTS FOR 1897. 

Estintated monthly discharge of North River at Glasgow, Virginia. 

[Drainage area, 831 square miles.] 

~Month 
Discharge in second-feet. Run-off. 

I Total in acre- Second· feet. Maxi- Mini- ~fean. 
Depth in feet per 

mum. mum. inches. square 
mile. 

1897. 
January ..••••...... 720 350 454: 27,915 0.63 0.55 
February ...•.... __ 10,450 475 3,181 176,665 3.99 3.83 
March ...•.•.. _ .. _. 3,650 1, 040 1,672 102,810 2.32 2.01 
ApriL ..... ------ ... 1, 370 507 889 52,900 1.19 1. 07 
May . __ .....•.•••.. 9,450 507 2,035 125, 130 2.83 2.45 
Jnne .............. 630 300 463 27,550 0.62 0.56 
July ............... 1,425 180 362 22,259 0.51 O.M 
August ............. 350 180 222 13,650 0.31 0.27 
September ....... _. 197 150 177 10, 533 0.23 0.21 
October ............ 250 150 197 12,113 o. 2s 1 0.24 
November ...... ---· 442 180 I 245 14,579 0.32 0.29 

I 

December---------· 1, 425 300 521 32,036 0.72 

~ ---
~,---s66, The year ..... 10,450 618, 140 13.95 5 

~~A-~ 

Sec .-ft. 
12, 000 

11, (\{\{\ 

10, l\1\1 

!), 000 

8, 000 

i, 000 

6, 000 

5, 000 

4, 000 

3, 000 

2. 000 

1, 000 

olfl• -
FIG. 39.-Discharge of North River at Glasgow, Virginia, 1897. 

JAMES RIVER. 

~The last river draining into Chesapeake Bay is the James. A gaging 
station is located on this river at Buchanan, Virginia, about 20 miles 
above the mouth of North River, and described in Water-Supply and 
Irrigation Paper No. 15, p. 24. The combined flow at this station and 
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that at Glasgow, Virginia, on North River, is practically the flow of 
James River at Balcony Falls, where it passe:s through the Blue Ridge. 

The State of Virginia built a canal along James River from Rich
mond to Buchanan, with a branch up North River from its mouth, at 
Balcony Falls, to Lexington. The canal proved expensive to maintain, 
owing to the heavy fall iu the river and the resulting large number of 
dams and locks. The State transferred all its rights in the canal to 
the Richmond and Alleghany Railroad Company on condition that the 
company should build a railway from Richmond to Clifton Forge, with 
a branch from Balcony Falls to Lexington. 

The railway wa:s built and was subsequently purchased by the Ches
apeake and Ohio Railway Company, which now owns all rights that 
the old James River and Kanawha Canal Company possessed in the 
dams and water power. In the construction of the canal a large 
number of good dams were built which are now available for water 
power. A small part only of the power thus made readily available 
has been taken up, and the remaining dams, now in a state of more or 
less dilapidation, afford excellent sites for mills and factories. 

There is no place in the State where water power is so readily avail
able and where there are so few complications from backwater flooding 
farming lands and other troubles incident to dam building. The dams 
are leased by the Chesapeake and Ohio Railway to users at a nominal 
sum. 

To collect information in regard to the water resources of James 
River a trip was made in canoes down North R·iver from Lexington to 
the mouth, and then, after taking the canoes to Clifton ],orge by rail
way, down James River to the top of the falls at Richmond. 

The principal results of this examination of the river are shown on 
the accompanying profile and in the following pages, the statements 
being condensed from a report prepared by Prof. D. C. Humphreys, of 
Washington and Lee University, at Lexington, Virginia. 

The party consisted of D. C. Humphreys, F. H. Anschutz, and W. A. 
Shepherd, each paddling his own canoe. The canoes were canvas, 16 
feet long and 32 inches beam, and the average weight was about 80 
pounds. These boats were decked over, and in the center was the 
cockpit, 8 feet long and 22 inches wide; from the top of the cockpit 
to the bottom of the boat was about 14 inches. The hatches which 
covered the cockpit could be easily removed for loading and unload
ing and to make room at night for sleeping. At night each boat was 
lifted out on the bank, the tent erected over the cockpit, the boat wiped 
out with a sponge; the large oiled canvas hag, in which the bed and 
bedding was carried, was spread in the bottom to keep the dampness 
from the bed; the mattress was laid on top of this, thus making a 
comfortable and dry bed. The illustration on Pl. XXII gives a good 
idea of the construction of the boats. First a framework was built and 
then the heaviest duck canvas stretched over it. On the outside strips. 
were placed to protect the canvas from rocks, which proved generally 
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effective. The canvas was very tough and hard to snag, and when a 
hole was made it was an easy matter to patch it with a piece of canvas 
by using melted rosin and lard as a cement. 

vVhen under way on the river, as shown in Pl. XXIII, the hatches 
were kept down and only a small hole left, in which the single oecnpaut 
sat. In running rapids the canoeman pulls the oiled apron up around 
him, and thus prevents the water from the waves that may dash over 
the deck from getting into the boat. While under way a rubber coat, 
the tails of which are spread out on tbe deck, affords complete pro
tection from rain. .At ntght the tent is an ample protection. .All 
belongings were carried in oiled canvas bags, and the large bag which 
held the mattress was folded up"for a seat. 

The instrumental equipment consisted of a large Haskell meter 
attached to a light wooden rod, graduated for tte purpose of making 
8oundings, a light level which could be used ou tbe tripod of the 
camera, together witli a folding level rod and steel tapes . 

.An attempt was made to obtain the level of the low-water surface at 
each dam and at intermediate points not more than 5 miles apart, to 
photograph each structure, and to obtain full information concerning 
the present condition of the dams and their use or the possibility of 
their future employment. Measurements of tbe flow of the main stream 
and of the principal tributaries were also made wherever practicable. 
To facilitate the work a condensed profile of the Chesapeake and Ohio 
Railroad was made: This gave the elevation of the top of the ties and 
furnished a datum for levels run to the low-water surface.· Great pre
cision was not possible under the circumstances, but the results are 
sufficiently accurate for. general discussion and for the completion of 
tbe accompanying profile, Pl. XXI. On this is given the location and 
tbe height of the dams; the dotted lin~s indicate former conditions 
and the full lines the present slope. On the portion relating to James 
River the names of the dams are given, while on North River tbe dams 
are numbered. The following description is ananged in the order in 
which the localities were visited: 

Dam No. 10, on North River, was formerly called Reid's dam, but is now known as 
the Lexington Light and Power Company's clam. The available bead is 11.75 feet. 
The crest is 15 feet below the railway. The darn was built of dry rubble masonry, 
and the upper side and top was sheeted with plank to hold water. It was found nec
essary to replace this sheeting in 1896. At the time of the erection of the electric 
plant, in 1892, the dam was lowered 3 feet nearly all the way across to prevent 
the backing of water into t.he tail race of the mill at Lexington. The power at this 
dnm is full~· utilized and is very satiRfactory. It has been noticed here that tlw 
ri\'er holds its own remarkably well in extremely dry weather. 

Darn No. 9, South J{i Yer dam, is located immediately above the mouth of South 
River; its crest is 9.55 feet belo\\~ the railway and its height is 17.2 feet. This was 
a dry rubblestone dam, sheeted on the upper side and top. About two years ago the 
sheeting rotted and caused the dam to break. The break is in the middle of the dam 
and is as yet not very extensive. It could be easily repaired and the power utilized 
at the old ·mill site, which is on the left bank near the railway. On July 8, 1897, the 
discharge of the rh·er, measured a short distance above this dam, was 160 second-feet, 
and in extreme low water it does not fall below about 90 second-feet. 
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Dam No.8, located 13.7 miles from the mouth of North River, was built of logs 
and is broken all the way across. The fall in the water at the dam is now only 2.4 
feet, and the water below the dam is 18.1 feet lower than the railway. The original 
height of this dam must have been at least 8 feet. 

Dam No. 7, Buena Vista Electric Plant dam (PL XXIV, B), is 13.1 miles above 
the mouth of North River, and the crest of the dam is 11.5 feet below the railway. 
The- available height is 12 feet. This dam is of dry rnbble masonry, sheeted on the 
upper side and on top. It needs resheeting for it leaks badly. This dam is below 
the mouth of South River, and the discharge of the river when measured was about 
216 second-feet. In extreme dry weather the dtscharge is probably slightly more 
than half of this. The photograph of the dam shows the method of passing the 
canoes down over the dam. 1'he available power here in dry weather is fully used. 

Dam No.6, Bnena Vista Paper Mill dam, is 12.2 miles from the mouth of North 
River; the crest is 10.8 feet below the railway and the height is 15 feet. This dam 
is built of dry rubblestone masonry, sheeted on the upper side and on top. It is 
in very good order and the low water power .is fully utilized by _the paper mill, for 
which it only furnishes about half the power needed, the rest being derived from a 
steam eng_ine. 

Dam No.5 is 9.2 miles from the mouth of North River; the crest of the dam is 
about 14 feet below the railway and the height is 6.8 feet. The fall in the water at 
the dam now is 3.5 feet. This dam was built of logs, with stone filling, and is now 
waMhed out all the way across the river. The foundation and head walls are in good 
order. 

Dam No.4 is 7.9 miles from the mouth of North River; the crest·is about 14 feet 
below the railway and the height is 8 feet. The . dam was built of dry rubble 
masonry, sheeted on the upper side and on top. It is in a good state of preservation, 
except that the sheeting has rotted and there is a small break in it. The river has 
cut a channel around the dam, between it and the Chesapeake and Ohio Railway, 
which is narrow and could be filled up without much difficulty. The Norfolk and 
Western Railway runs along the right bank of the river here and at all other dams 
below Buena Vista on North River, thus giving a lllilllocated at any of these places 
the advantage of transportation over two railways. · 

Dam No. 3, Goose Neck dam, is 6.7 miles above the mouth of North River; the 
crest of the dam is 15.8 feet below the Chesapeake and Ohio Railway and the height 
of the dam is 15 feet. It is built of dry rubble masonry, sheeted on the upper 
side and on top; the sheeting, howe\er, is rotten, allowing the entire river, except 
in high water, to rnn through the dam between the cracks in the dry masonry wall. 
It is a question of only a short time when this dam will break like the others. There 
is no place on either James or North rivers where power, now unused, could be so 
cheaply developed. The low water power that could be developed here is about 300 
horsepower. 

Dam No. 2, Devils Steps dam (Pl. XXIV, A), is 5.5 miles from the mouth of 
North River; the crest of the dam is about"lO feet below the Chesapeake and Ohio 
Railway, the height is 11 feet, and the present drop in the water surface is 2.4 feet. 
This was a stone dam, like most of the others on North River, and more than half is 
washed away. The head wall on the left bank is good, and on the right bank there 
is a solid rock ledge, which served as a head wall and which gave the dam its name. 

Dam No. 1, Miller's dam, is 5.2 miles from the mouth of North River; the crest of 
the dam is about 10 feet below the Chesapeake and Ohio Railway and its height is 
10 feet. This dam was built of logs, with stone filling, and is now nearly destroyed, 
except t,he bead walls, which are good. This was the lowest dam on.North River. 
Blue Ridge dam, on James River, just below t.he mouth of North River, ponds the 
water in North R1ver for over a mile. 

In the "Report on the water power of the Middle .Atlantic watershed," Tenth Cen
sus of the United States, Vol. XVI, Part I, pp. 531-551, valuable information is given 
concerning the James River and its tributaries. From that report the following 
table is reprinted : 
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This table shows only the dams below Buchanan, or on the completed portion of 
the canal. It was the intention to extend the canal eventually to the Ohio River, 
and for this purpose surveys were made and two dams located and built above 
Buchanan, which have never been used. Beginning at Clifton Forge and coming 
down Jacksons and James rivers, the dams, taken in order, are described below: 

Old J!'orge dam is 210 miles from Richmond. The crest of the dam is 13.9 feet 
below the Chesapeake and Ohio Railway, and the height, as measured, was 18.6 feet. 
This dam, which was substantially built of stone laid in cement, was probably never 
entirely completed. The head walls, about half the dam, and the foundations, are 
in good order, and it would not be very expensive to restore the dam. The low 
water discharge of the river here is about 350 second-feet. 

Cabell's dam is about 106 miles from Richmond, and was built of wood on a stone 
foundation, 5 feet high. It is almost entirely gone, except the head walls, which 
seemed to be in fairly good order, as they were built of stone. No levels were 
obtained here, connecting the dam with the railway, and there is no drop in the 
water surface at the site of the dam. 

Wasp Rock dam has a crest 19 feet below the railway, its height being 15 feet. It 
is completely washed out except the head walls, which are in good order and well 
built, and the foundation, part of which remains. The river cut a channel around 
the dam on the left bank, next to the Chesapeake and Ohio Railway, which has 
been filled up by the railway company with a strong embankment protected by 
riprap. 

The crest of Indian Rock dam is about 19 feet below the railway, and its height 
was 16 feet. Most of this dam has been washed away. 

Varneys Falls dam has a crest 9.1 feet below the railway, its height being 14 feet, 
while nt present the drop in the water surface at the dam is 4 feet. This dam is 
only partially gone, and there is excellent masonry on the left bank, where the old 
lock still stands. On the right bank, which is occupied by the Norfolk and West
ern Railway, there is a ledge of rock. On the left bank there is an excellent loca
tion_for a mill to use the power. 

At Quarry Falls the crest of the dam is 10 feet below the railway, and the height 
is 13 feet. This dam is mostly standing, the river running through a small break 
near the center. A part of the· timber is rotten and will have to be replaced if the 
dam is repaired for use. There is a good mill site on the left bank at the lock for 
utilizing the power. This dam is about a mile below Natural Bridge station, where 
the Norfolk and Western Railway crosses James River and the Chesapeake and Ohio 
Railway. 

Blue Ridge dam (Pl. XXV, .A), at Balcony Falls station, has a crest about 14 feet 
below the railway; its height, which is 13 feet, may be increased by digging a tail 
race, for there is considerable fall below the dam. This is an admirable location for 
the development of water power. The plan of the dam was made in 1891; since that 
time the old cement mill has been removed and the wooden part of the dam has 
broken near the middle. The site is immediately below the mouth of North River, 
and the low water discharge is about 700 second-feet. On July 8, 1897, it was 1,489 
second-feet. 

Near Rope Ferry is Cushaw dam. The old crest of the dam was 15.75 feet below 
the railway and the height was 10 feet. No part of this dam is standing, and 
nothing but the foundation remains. 

The crest of Big Island dam is 14.3 feet below the railway and the height, as meas
ured, is 11 feet. This dam is intact and the power has been used by a paper mill, 
situated on the right bank beside the railway. The mill has not been operated for 
several years. 

Colemans Palls dam has a crest 14.9 feet below the railway, with a height of 14 
feet. It is in part broken; the stone portion is fairly good, while the wooden portion 
has been mostly washed away. 
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The crest of Pedlar dam is 15.5 feet below the railway and the height is 14 feet 
(see Pl. XXV, B). This dam has b~en restored and the entire power of the river 
utilized within the last year by a very complete plant for the manufacture of cal
cium carbide, erected by the ·wilson Aluminium Company, of Spray, North Carolina.1 

Of Bald Eagle dam there is nothing left standing and no levels were obtained. 
The crest of Judith dam is 14.5 feet below the railway and the height, as measured, 
is 24.3 feet. This dam is the highest on the river and is in excellent condition. A 
part of the power was used at the nail mills at Reusens, which is about half a mile 
below, but these works have not been operated for a number of years. At the time 
of visit no use seemed to be made of this power, but it is reported that an electric 
company in Lynchburg utilizes power from the canal that leads from this dam for 
street railway and other purposes. 

The crest of the _Lynchburg dam is 8.8 feet below the Chesapeake and Ohio Rail
way and the height, as measured, was 16 feet. Since the above table was compiled 
this dam has been improved, the conflicting interests of the city and of the rail way 
have been adjusted, and the full power of the dam is now being utilized. The 
Chesapeake and Ohio Railway Company agrees to maintain the dam perpetually 
ancl to furnish water for a consideration to the pumping plant of the Lynchburg 
water works, and also to the various mills in Lynch burg. 

Of the Joshua Falls dam nothing is standing except a part of the old wall on the 
-.railway side. Tye River dam is at Norwood station. The water below the dam 

was 35.6 feet below the railway at Tye River bridge, the dam was 10 feet high, and 
the drop in_ the water surface now is 1.8 feet. 

The Middleton Mills dam does not seem to have been one of the canal dams. Its 
crest is 10.2 feet below the railway and its height is 3.2 feet. 

At Maidens Adventure dam no abutments are now standing, the dam is broken 
about the middle, and the masonry is very much dilapidated. 

The trip came to an end .inst above Bosher's dam, which stands at the head of the 
falls of the James at Richmond. Here, in a distance of 14 miles, the river has a fall 
of 124 feet, and in the last 3 miles the fall is 84 feet. On September 8, 1897, during 
a very dry season, Mr. Anschutz measured the discharge at Cartersville, 47 miles 
above Richmond, and found it to be 603 second-feet. This seems too small, for the 
combined discharges of James River at Buchanan and of North River at Glasgow 
were at that time about 600 second-feet. Taking the Cartersville measurement as 
the minimum flow, the 124 feet of fall would give about 8,500 gross horsepower. 
Not more than half the total power that coul<l probably be made available has been 
developed. 

'Vhere the streams were sufficiently large the current meter was used in measur
ing the discharge, and when the water was not too deep the method of wading was 
used. A line was stretched across the river, and starting from the bank distances 
were measured with a tape. The rod to ·which the meter was attached was grad
uated and used for making soundings. The wading method gives the observer accu
rate knowledge of the bottom. ·where the stream was too deep to wade, such as the 
James, at Glasgow, a tagged gal vanize<l-wire clothesline was used and the meter was 
let down from one of the canoes, one man in the canoe keeping it in pl'ace by hold
ing the line: This method worked well, but great difficulty was experienced in 
getting the line across and stretched close to the water. The pull on the line was 
so great that it was difficult to fasten the ends securely. The party was not· 
equipped with an instrument for the indirect determination of distances, so that no 
measurements were made of the main river below Balcony Falls where North River 
empties into the James. The impracticability of measuring the main stream easily 
and quickly, when too deep to wade, wa~ a weak point in the equipment. The 

1 See article by Mr. Temple, the engineer in charge of erection, published in Engineering .News, 
Aprill4,1898. 
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measurement at Cartersville was made by letting the meter down from tbe bridge 
in the usual way. Following is a list of stream measurements made during tbe trip• 

Table of str·earn measurements, made in 1897, of Jam.es River and its tributaries. 

Dis-
tance Dis- Bank 
from N arne of stream. charge. (right Date. Remarks. 
Rich- or left). 
mond. 

Miles. Sec.-ft. 1897. 
230.6 Smiths Creek ..•...•.. 12.3 L. July 14 .At Clifton Forge. 
226.5 Cowpasture River .... 140.7 L. Jnly 15 

}Horul of Jnm" River. 226.5 Jacksons River ...•••. 288.7 R. .... do ... 
226.5 James River ....••.••. 438.0 .... do ... 
216.6 :M.ill Creek .........•.. 10.4 L. July 16 .At Gala Water. 
213. 4. Craigs Creek ......... 79.6 R. .... do ... 
208.5 Catawba Creek ....... 81.0 R. July 19 Muddy; somewhat swollen. 
205.4 Saltpeter Creek ....••. 2.5 L. .•.. do ... At Allene Mill. 
199.5 Lipses Run ....•...••. 3. 0 R. July 20 Or Spreading Spring Creek. 
198.6 Davids Run .......... 0. 5 R. .... do ... 
197.3 Back Creek ........... 19.2 R. July 21 Or Looney Creek. 
189.7 Jennings Creek ....•.. 20.1 R. July 22 
188.6 Rocky Run ........... 1.2 L. . ... do ... 
187.0 Sprouts Run ...••.•.•. 2.1 R. ,July 23 
181. 3 Cedar Creek ....•..... 2. 7 L. .... do ... 
179.7 Back Run .....•...... 2. 2 R. .. .. do ... 
178.7 ........................................ 1. 0 L. .... do ... .At Natural Bridge station . 
177.7 .Arnolds Creek ........ 12.3 R. July 24 
176.4 James River .......... 1, 188.0 July 28 .At Glasgow. 
174.7 North River .......... 310.0 L. July 27 .At Glasgow River station. 
170.0 Rocky Row Run .•.... 1.1 L. July 30 
169.1 Snow Creek ........... 0. 6 R. .. .. do ... 
167.5 Peters Creek ........•. 2.3 R. July' 31 
167.3 Otter Creek ........... 2.9 L. .. .. do ... 
167.0 Battery Creek ........ 2. 8 R. .. .. do ... 
165.5 Hunting Creek ....... 5.5 R. .... do ... At Big Island . 
164.4 Reed Creek ........... 13.8 R. . ... do ... 
159.4 Pedlar River .......... 35.8 L. .Aug. 2 
156.0 Salt Creek ............ 0.4 L. .Aug. 3 
153.0 Widemouth Creek .... 0.9 R . .... do ... 
151.0 Judith Creek ......... 5. 3 R. .... do ... 
148. 0 1 Harris Creek ......... 10.4 L. .Aug. 4 

146.0 I I'? ?reek ............ 30.0 R. .... do ... 
144. 5 F1sbmg Creek ........ 2.0 R. .Aug. 5 
143.5 Railings Run .......•. 2.8 L . .... do ... 
141.7 Opo,.um C"ek ..•.•.• l 3.0 R. .... do ... 
140.5 Beaver Creek .....•••. 13.7 R. Aug. 6 
140.0 Archer Creek .......•. 1.4 R. .. .. do ... 
136.0 Joshua Creek ......... 1.0 R. .Aug. 7 
134.9 Stovalls Creek .•...... 11.4 L. .... do ... 
133.3 Porridge Run ......... 4.4 L. .... do ... 
131.5 Stonewall CreelP ...... 3.1 R. .... do ... 
127.4 Bells Creek ........•.. 0.9 L. .Aug. 9 

124. 0 · Wreck Island Creek .. 15.21 R~ 
... do -~ l 120. 3 I Allen Creek .......... 4.1 L . .... do ... 

118. 2 i Bent Creek ........... I 10.2 R. .Aug. 10 
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Table of stream measurements, made in 1897, of James River and its tribzttaries-Cont'd. 

Dis- I tance Dis· Bank 
from Name of stream. charge. (right Date. Remarks. 
Rich- or left). 
mond. 

Miles. Sec.-ft. 1897. 

116.0 David Creek .......... 6.6 R. Aug. 10 

112.0 ........................................ 1.3 R. .... do ... 1 mile below Greenway. 

111.0 Owens Creek ......... 6. 5 L. Aug. 11 
108.7 Tye River ............ 168.1 L. .... do ... Swollen by rains. 

106.5 Nigger Creek ......... 1.7 R. Aug. 12 
106.3 .................................... 0. 9 L. .... do ... 
106.0 Mallorys Creek ....... 0. 9 R. .. .. do ... 
96.0 Miller Run ........... 0.6 R. Aug. 13 Opposite Manteo. 
93.9 ····---················· 0.3 R. .... do ... Opposite Highlands. 
91.3 Rockfish River ....... 36.5 L. .... do ... At Hardware. 
88.5 ............................... 0. 5 L. Aug. 14 
88.5 .................................... 0. 5 n . .... do ... 
86.3 .Ballinger Creek .••••. 1. 9 L. .... do ... 
85.3 Rock Island Run ..... 3.3 R. .... do ... 
81.5 Tooters Creek ........ 0. 7 L. Aug. 16 

76.0 Georgia Creek ....•••. 0. 2 R. .... do ... 
73.4 Hardware River ...... 21.4 L. Aug. 17 

67.6 Slate River ........... 41.5 R. Aug. 18 

65.6 Bear Garden Creek ... 8.6 R. .... do ... 
59.0 ------······-··········· 4.1 L. Aug. 19 

57.2 Rivanna River ........ 48.0 L. Aug. 20 

52.4 Byrd Creek .......... 2.9 L. .... do ... 

48.3 Willis River .......... 29.6 R. Aug. 21 

47.0 James River .......... 603.0 .............. Sept. 8 At Cartersville. 

45.9 Muddy Creek ......... 1.9 R. Au·g. 23 Bed of a large creek. 

44.4 ................................. 1. 2 L. .. .. do ... ?J mile aboYe Stokes. 

40.0 Sally Creek ........... 58.3 R. Ang. 24 Much swollen. 

34.0 Leckinghole Run ..... 20.2 L. Aug. 25 

29.0 Jnle Creek ........... 0.4 R. Aug. 28 Very low. 

26.6 Beaverdam Creek ..... 2. 9 L. Aug. 30 

24.7 Fine Creek ........... 1. 6 R. .... do ... 

22.5 Genito Creek ......... 3. 7 L. .... do ... 

20.5 Dover Creek .......... 3. 0 L. .... do ... 

17.6 Jones Creek .......... 8. 2 R. Aug. 31 

NORTH RIVER AND ITS TRIBUTARIE8. 

17.0 Burdens Run ......•... 1.0 R. July 8 

17.0 North RiYer .......... 159.7 ........... .... do ... Above South River Dam . 

16.3 South River .......... 56.2 L. . ... do ... At month. 

_j 10.0 Mountain Branch .... 1. 2 L. July 9 

5. 5 Buffalo Creek ......... 49.6 R. July 10 Slightly flush. 
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·Rating table for James Rivm· at Buchanan, Virginia, /01·1897. 

Gafte 
heig t. Discharge. Ga!te 

heig t. Discharge. I Ga~e heig t. Discharge. Ga!te 
heig t. Discharge. 

Feet. Second-feet. Feet. Second-feet. ! Feet. Second-feet. Feet. Second-feet. 

1.2 280 3.8 2,170 6.4 5,770 0.0 11,100 
1.4 340 4.0 2,390 6.6 6,130 

I 
9.5 i 12,350 

1.6 440 4.2 2,620 6.8 6:490 10.0 I 13,700 
1.8 540 4.4 2,860 7.0 6,850 ! 10.5 15,075 
2.0 660 4.6 3, 100 7.2 7,210 i 11.0 16,600 
2.2 780 4.8 3,360 7.4 7,600 11.5 18,375 
2.4 910 5.0 3,640 7.6 8,000 12.0 20,250 
2.6 1,050 5.2 3,920 I 7.8 8,400 12.5 22,250 
2.8 1,210 5.4 4,200 8.0 8,800 13.0 24,700 
3.0 1,370 5.6 4,500 8.2 9,230 13.5. 27,200 
3.2 1,550 5.8 4,800 8.4 9,690 14.0 30,000 

~ 
1,740 6.0 5,100 

I 
8.6 10,150 

1,950 i 6.2 5,420 8.8 10,610 6 
I 

Estirnated rnonthly discharge.of Jantes River at Buchanan, Virginia. 

[Drainage area, 2,058 square miles.] 

Run-off. 

Mouth Total in acre· Second-

[ 

Discharge in second-feet. 

. l\Iaxi- Mini· Mean. feet. Depth in feet per 
mum. mum. inche8. square 

. ------1---- --------1-----1--- mile. 

1897. 
January_ .... _...... 1, 290 

February ------ .... 30,000 
March . . . . . . . . . . . .. 8, 600 
April _ . . . . . . . . . . . . . 2, 620 
May ....... ____ .... 14,940 
June .............. . 

July.---- ......... . 

1,460 
1,690 

August------------ 910 
September . .. . . . . . . 600 
October............ 515 

720 
1,130 
1,740 

750 
1,015 

720 
720 
540 
340 
300 

858 
7,414 
3,390 
1,629 
3,312 

948 
969 
630 
4a8 
403 

52,756 
411,750 
208,445 
96,933 

203,645 
56,410 
59,580 
38,737 

0. 48 0. 42 
3. 75 3. 60 
1. 90 1. 65 
0. 88 0. 79 
1. 86 1. 61 
0. 52 0. 46 
0.54 0.47 
0. 36 0. 31 

26,063 0.23 0.21 

24, 779 o. 23
1 

o. 20 I 
November.......... 54.0 300 377 

1 

22,434 0. 20 , 0.18 

I Decem;::;~~::::::,~~~~ 1,::: _1_,_2:_:_:_::_:_~~-1-:~:=::=_· ~ 
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Sec.-ft. I· 
24, ooo t=-t.!-i--+-t--et-H-+-+--++-+--H--+-t--f--f-H--+-+-++-f-H--+-++--f-H-+-+--f 

f 
22, 000 

20, 000 

18, ulJO' 

16, 000 

14, 000 

12, 000 

10, 000 

8, 000 

FIG. 40.-Discbarge of James River at Buchanan, Virginia, 1897. 

MISCELLANEOUS STREAM MEASUREMENTS. 

Miscellaneous stream measurements were made by Prof. D. C. 
Humphreys in 1897 with meter No. 77 (see Bulletin No. 140, United 
States Geological Survey), an English meter, which ha~ the advantage 
of being light, and was carried on a bicycle. Measurements were made 
by wading, the rivers being at oi·dinary low-water stage. In the case 
of North River, measured on September 2, it is probable that the poud
ing of water at a dam 3 miles above made the stage abnormally low. 

List of miscellaneous discharge measurements in Jarnes Ri~er ancl adjacent basins. 

p_t_e·---l-----8-tr_e_am_. ---I-----L_o_c_al-it_y_. ----I Discharge. 

1897. Second-feet. 

August 14 ..... Poague Run._ ......... At mouth .•.••....•.. ----.... 3 
Do . . . . . . . Buffalo Creek .............. do . . . . . . . . . . . . . . . . . . . . . . 38 

August 23 .... Tinker Creek .... ____ .. Vinton, Virginia---···------ 56 
August 25.... Back Creek . . . . . . . . . . . At mouth . . . . . . . . . . . . . . . . . . . 15 

Do ... ---. 
1 
Roanoke River . . . . . . . . Above mouth of Back Creek.. 137 

August 26 .... NorthFork of Roanoke At mouth ......... __ .....•... 25 
River. 

no-·------ SouthForkofRoanoke ----.do-----------·---------· 
River. 

August 27 ---· Little River ............ Graysonville, Virginia ...... . 
August 28 .... BigRedlslandCreek .. At mouth-----------·--····· 

Do-~----. LittleRedlslandCreek ..... do------ ..•...•••••..... 
August 30.~-- Cripple Creek ......... Near mouth ................ . 
August 31.... Reed Creek . . . . . . . . . .. Turnpike crossing ......... .. 
September2 .. South River ........... Nearmouth ---------------·-

Do ....•.. NOl'th River ........... Near mouth of South River .. 

·-------~-----------·------------~ 

62 

159 
235 

8Q 
51 

5~ I 
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SOUTH ATLANTIC WATERSHED. 

ROANOKE RIVER. 

Four gaging stations were maintained: one station at Roanoke, Vir
ginia, on the Roanoke River; two stations at Clarksville, Virginia, one 
on the Dan and the other on the Staunton; and one, Neal station, on 
the main Roanoke River. These are described in Water-Supply and 
Irrigation Paper No. 15, pp. 25-28, inclusive. Roanoke River, in Vir
ginia, is simply the head-water tributary of Staunton River. After 
this latter stream makes a junction with Dan River it is again known 
as Roanoke River through North Carolina. .At the upper station at 
Roanoke a sufficient number of discharge measurements were not made 
in 1897 on which to base a rating curve. Tables of discharge and 
run-off are given, however, for the three remaining stations. 

The following statements regarding the use of the water power are 
from a report prepared by Prof. J. A. Holmes: 

The first power developments met on ascending the Roanoke are 
near Weldon, North Carolina, where the stream crosses the fall line. 
The fall here is about 84 feet in a distance of 9 miles above the town; 
the river within this distance i_s very rocky and rapid, the channel 
very tortuous, and the bed of the -river interspersed with rocks and 
islands, most of which are submerged· at high water. The bed of the 
river is almost solid rock, and' the banks are generally abrupt, especi
ally along the upper part for several miles below the head of the falls, 
where they are from 40 to 50 feet high, of bard granitic rock, often 
extending almost perpendicularly to the water's edge. 

Fifty years ago the Roanoke Navigation Company extended naviga
tion around these falls by constructing a canal on the south side of the 
river between Weldon and Rock Landing, 9 miles above. This canal 
was 30 feet wide at the top and 3 feet deep, dimensions sufficiently 
large for the small boats then in use on the river. As a navigation 
enterprise this was never a great financial success, and with the build
ing of railroads to Petersburg and Norfolk the upper river naviga
tion declined steadily until it finally ceased and the works were allowed 
to fall into disuse. The canal was kept open only sufficiently to furnish 
water nece!ilsary to run one or more small mills. The General Assem
bly of 1874-75 authorized the dissolution of the old Roanoke Naviga
tion Company and ordered the sale of the property. It was purchased 
by the Roanoke Navigation and Water Power Company, which bas 
cleaned out and repaired the canal and has begun its development as 
a source of power. 

The canal originally was substantially built; it crosses several small 
creeks by means of aqueducts, all of which, as well as t~e locks, were 
built of stone and are in good condition, although the gates of the locks 
are gone. Toward the upper end of the canal extensive masonry walls 
in places on the river side, which were rendered necessary by the abrupt-
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ness of the banks, are still in good condition. At the upper end of the 
canal there was a guard lock, and probably a dam, but the gates of the lock 
are gone and the dam now consists only of a few stones pil~d up roughly. 
The bed rock at this place is said to be very favorable for the construction 
of a dam across the river. Nearly 4 miles below the head of the canal 
there was a descent in four eanallocks with a total lift of 36 feet. The 
total fall at these locks now practically available for power is 31 feet. 
The land in the vicinity offers good buildiug sites. 

At the lower end of the canal a fall of 48 feet between.the level of the 
canal and the river was overcome, at the time the canal was used for 
purposes of navigation, by a flight of six locks with 8 feet lift each. 
These locks have since been abandoned and removed. At the lower end 
of the canal the company has erected a corn mill, having a daily capac
ity of 2,000 bushels, with a grain elevator of 50,000 bushels capacity 
attached, and a cotton-seed oil mill with a capacity of 35 tons per 
twenty-four hours. The two mills use about 250 horsepower. The 
total available low-water fall for power at this point is 45 feet. All 
these mills discharge the water directly into the river, and are situ
ated. from 100 to 200 yards above the old locks. They can run full 
capacity all the year, except occasionally at times of high water. There 
is no trouble from ice. 

The recent development which was completed a few years ago con
sists of the enlargement of the prism of the original canal to the follow
ing dimensions: 23 feet at bottom, 35 feet wide at normal surface of 
water, and 4 feet deep; the construction of head gates with the neces
sary masonry, the raising and repairing of waste ways and waste gates, 
the construction of a wasteweir and gates at the foot of the basin at 
Weldon, the raising and repairing of the masonry of the Chockeotte Creek 
aqueduct, and the raising and strengthening of the banks of the canal 
throughout its length. The canal, with the foregoing dimensions, with 
smooth surfaces, and with a bottom grade of 1 foot a mile, has a capac
ity for carrying 259 cubic feet of water per second. It is constructed 
in two reaches or levels, the :first or upper one extending from the head 
of the canal to the combined locks, a distance of about 3<1; miles, secur
ing a fall of 31 feet at said locks. The second level extends a distance 
of about 5-k miles from the locks to the terminus of the canal at Weldon, 
where a fall of 45 feet can be secured when the water in the river is at 
low-water stage. 

The development work of the Roanoke Rapids· Water Power Com
pany also lies on the south side of H.oanoke River bet ween Weldon and 
Gaston, beginning 1~ to 2 miles below the upper end of the Roanoke 
N aviga.tion and Water Power Company's canal, on the same side of the 
river, and terminating nearly 2 miles below in the great bend of the 

· river, where the factories are located. The upper 1 mile of the canal-is 
formed by the right bank and a chain of islands, which are connected 
by dams made of wood and stone. The longer of these connecting dams 
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has a length of 1,465 feet and a height of from 4 to 7 feet, and the dam 
connecting the lower end of the lowest island with the outer end of the 
bulkhead is 685 feet long and about 11 feet high, built of log frame with 
rock filling and planked above (Pl. XXYI, B). Along the top of these 
islands dikes are thrown up to prevent the escape of water into the river. 

The bulkhead (Pl. XXYI, A) is of stone masonry, 150 feet long, 24 feet 
high at its outer or northern end, and 15 feet thick, and is penetrated by 
13 gates for the admission of water into the canal. This canal is three
fourths of a mile long from the bulkhead to its lower end, DO feet wide 
at the top, 60 feet wide at the bottom, and 10 feet deep; and when the 
canal contains its normal supply of water, the cross section below the 
water surface is 750 square feet. The fall at the lower end of the cana,l 
during ordinary stages of the water is said to be 27 feet. In dry sea
sons the fall is 30 feet and the capacity of the canal is stated as 6,100 
horsepower. Only a small part of this power is being used at the 
present time, but two substantial factories have been constructed and 
are now in operation. 

The knitting mill of the United Industrial Company, located imme
diately agaiust the side of the canal at its lower end, contams 2,310 
spindles, 5 sets of cards, 30 knitting machines, and 75 sewing machines. 
Its power is developed by two Leffel 40-inclt turbines on a horizontal 
shaft, supplie<l with water through an iron penstock direct from the 
canal, and, it is claimed, capable of developing 800 horsepower with 
the dry-season head of 30 feet. Of tLis, however, only about 150 
horsepower is now being utilized. 

The cotton mill of the Roanoke Mill Company, located 100 yards east 
of the above, and. at a sligLtly greater distance from tLe canal, has a 
capacity of 18,000 spindles (and 550 looms. It has now in operation 
only 12,096 spindles and 320 looms, and is using about 400 horsepower, 
although its two l\lcCormick 36.inch turbines on a horizontal shaft, with 
a normal head of 28 feet, are said to develop 640 horsepower. The water 
is supplied to these wheels through an irou penstock 9 feet in diameter 
and 480 feet long. A smaller single turbine, said to be capable of 
developing 125 horsepower, supplies power for Qelectric lighting, fire 
pump, etc. As will be seen from the above statement, there is at this 
point ample power for additional manufacturing establishments, and 
until it is fully utilized there need be no fear of scarcity of water during 
dry seasons, and there will be but little trouble with high water except 
during the larger freshets. 

Dan and Staunton rivers are the principal tributaries of the Roanoke, 
draining together an area of 7,344 square miles. 

Dan River at the Riverside Mills, Danville, Virginia, is about 925 
feet wide. There are two dams, the upper one of which is of l;ltone, 
about 14 feet high. From this dam two races, one on each side of the 
river, one about 100 yards and .the other about three-eighths of a mile in 
length, ca.rry the water to the mills. A short distance below this upper 
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dam is a second dam, 12 feet high, running in a triangular form across 
the river. From the pond formed by tbis lower dam a race course 
about 100 ·yards long leads to mill No. 6, and furuislles 700 to ·soo 
horsepower. 

The upper dam and pond furnish about 2,000 horsepower when the 
river is at its normal stage of flow, but considerably less during tbe 
dry season. .. The cotton mills operated by this power are seven in 
number, five on the north side and two on the south side of tbe river, 
and in addition to these there is a flouring mill, box factory, ice fac
tory, gristmill, foundry and machine shop, and the city electric-light 
plant, all operated by water power afforded by the river when at 
normal stage of flow. When the water is low the power is supple
mented by auxiliary steam plants. The several mills contain an 
aggregate of 67,700 spi~dles and. 2, 771 looms. 

On Smiths River, a tributary of the Dan, 1~ miles above its mouth, 
in the town of Spray, the Leaks ville Cotton Mil'l, the Leaks ville Woolen 
Mill, the mill of the Spray Mercantile Company, and the Spray Cotton 
Mill are located. 

The Leaksville Cotton Mill, which contains 400 looms, makes colored 
cloths exclusively, using about 135 horsepower developed by a turbine 
wheel 32~ inches in diameter, working nuder a head of 23 feet and 
capable of developing 180 horsepower. The mill of the Spray Mercan
tile Company is a roller flour-mill of 50 barrels capacity per day, and a 
corn mill of two-run of stone. The power is furnished by a turbine 
wheel25 inches in diameter, working under a bead of 19 feet, and an 
overshot wheel working under a head of 14 feet, together developing 
about 50 horsepower. The Spray Cotton Mill, containing 12,064 spin
dles, is driven by water power alone; it derives about 300 horsepower 
from twin Leffel turbines 36 inches in diameter, on a horizontal shaft, 
working under a head of 30 feet. The Leaksville Woolen Mill is a 
two-set mill using about 50 horsepower obtained from a 25-inch Perfec
tion turbine working under a head of .19 feet. 

These mills all draw their water from the same race, which is 16 feet 
wide at the top, 4~ feet deep, 4,200 feet long, with a bottom grade of 
39 inches in this distance, and estimated to be large enough to carry 
a quantity of water giving 600 horsepower, with a bead of 30 feet. The 
dam is 7 feet high, of triangular wooden frames bolted to the bed of 
the river and planked over. The bulkhead is of solid rubble masonry 
laid in cement, and is 12 feet wide and 13 feet high. This dam, which 
extends across and obliquely up the stream, backR the water about 
one-fourth of a mile to the foot of another shoal owned by the same 
company. Plans are now being developed to build a dam on this 
upper shoal, where it is claimed a fall of 12 feet and 250 horsepower 
can be obtained. This power is to be transmitted electrically to Spray 
to be used to run the Leaksville cotton and woolen mills, and the corn 
and flour mill, w bile the entire power developed by the canal below, 

19 GEOL, PT 4--12 
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with a fall of 30 feet at its lower end, will be used to operate the Spray 
mill. A new mill, containing 400 looms, has recently been built at this 
place. 

On the Mayo River, 1~ miles above its junction with the Dan, are 
the Mayo mills, 2 miles from the town of Madison. The mill contains 
23,000 mule spindles and 51 revolving top cards. It manufactures 
hosiery and underwear yarns, using about 400 horsepower, obtained 
from water alone during the entire year, and there is said to be a large 
amount of surplus water. The power is developed by two McCormick 
turbines of 30 in~hes diameter, on a horizontal shaft, developing' 846 
horsepower under a head of 36 feet. There is also a turbine of 20 
inches diameter, developing 100 horsepower under the same head as 
the main wheels, used for the lighting plant, fire pump, etc. 

The dam, which is some distance below the head of the shoal, is of 
wood, 12 feet high and 400 feet long, and backs the water about 1 mile. 
The bulkhead is of brownstone laid in cement, and is 150 feet long and 
6 feet thick at the gates. The canal is three-fourths of a mile long, and 
gives a fall of 36 feet at the mill. There is never any trouble from 
high water. 

A short distance above this shoal there is another of about the same 
fall, which will soon be developed. The length of the two shoals is 
2! miles, and the total natural fall in this distance is 63.41 feet. 

Rating table jo1· Dan River at ClarkBville, Vi1·ginia, for 1897. 

Ga~e Gage I Gage • I Gage 
I _:•chorgo.l heig t. Discharge. height. Discharge. height. Discharge. ! height. 

Peet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

-1.5 400 0.4 8!:10 3.8 6, 704 7.5 15,066 
-1.4 420 0.6 990 4.0 7,156 8.0 16,196 

-1.3 440 0.8 1,100 4.2 7,608 8.5 17,326 
-1.2 460 1.0 1, 240 4.4 8,060 9.0 18,456 

-1.1 480 1.2 1, 400 4.6 8, 512 9.5 19,586 

-1.0 500 1.4 1, 620 4.8 8,964 10.0 20,716 

-0.9 520 1.6 1,900 5.0 9, 416 10.5 21,846 

-0.8 540 1.8 2,250 5.2 9, 868 11.0 22,976 

-0.7 560 2.0 2,636 5.4 10,320 11.5 24,106 

-0.6 580 2.2 3,088 5.6 10,772 12.0 25,236 

-0.5 600 2.4 3,540 5.8 11,224 12.5 26,366 

-0.4 620 2.6 3,992 6.0 11,676 13.0 27,496 

-0.3 645 2.8 4,444 6.2 12,128 13.5 28,626 

-0.2 670 3.0 4,896 6.4 12,580 14.0 29,756 

-0. 1 700 3.2 5,348 6.6 13,032 

l£ 5 730 3.4 5,800 6.8 13,484 

I 810 3.6 6,252 7.0 13,936 2 
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Estimated monthly d·ischarge of Dan Rive1· at Clarksville, Virginia. 

[Drainage area, 3, 798 square miles.l 

~ Monili 
Discharge in second-feet. Run-g 

I 
I Total in acre-

feet. Second-
Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

---
1897. 

January ........... 7,269 1, 135 2,565 157,715 0.78 0.68 
February .......... 27,044 2,340 9,212 511,610 2.53 2.43 
March ............. 10,998 2, 749 6,030 370,770 1.83 1. 59 
April .............. 7,382 1,820 3,481 207,135 1. 02 0.92 
May ............... 10,094 1,900 5,014 308,298 1.52 1. 32 
June ............... 2,075 1,100 1,326 78,902 0.39 . 0. 35 
July ............... 3, 201 1,045 1,404 86,330 0.43 0.37 
August ·----- ............. 1,320 830 984 60,504 0.30 0.26 
September ......... 890 730 755 44,926 0.22 0.20 
October ............ 4,896 400 1,609 98,933 0.48 0.42 
November .......... 10,320 750 1,703 101,335 0.50 0.45 I Decem beL _______ : _ 7, 382 990 2,231 137,180 

0.68 ~ 
The year ..... 27,044 400 3, 026 2, 163,638 10. 68 I- 0. 80 

Sec.-ft. 
24, 000 1--t-+-+-ll--t-1-f-~-+-+-+-l--l-+-+-l--l--+-+--+--l-+-._~.-+-+-+-l-+-+-l-l-+-+-+--l 

20, 000 t-t-+-+-tt--tt+--:-t-t--t-+-t--t--t-+-t--ir-t-+-t--t--t-+-t-t-t-+-t--t--t-+-1-i-+--t--t--t 

18, 000 t-t-+--t-.--ttrt--'t--1r--i-+-+-+-+-+--f-l-l-+-+-l--+-+-+-t--11-t-t--+--l--f-+-r-t-+-+--4 

16,000 H-+--t+-tllt-HH-4-+-++-+-+-H-+-+-+-+-+-+-HH-+-+-1-+-+-1-4-+-+~ 

14, 000 t-t-+-+ ....... -ttlrt-t--1-t-+-+-+-t-+-+-l-l-+-+--+--+-+-+-t--11-t-+-+--+--f-+-r-t-+-l--4 

FIG. 41.-Discbarge of Dan River at Clarksville, Virginia, 1897. 
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Eating table for Staunton Rivet• at Clarksville, Virginia, for 1897. 

Gage 
height. Discharge. Ga~ 

heig t. Discharge. I Gage 
I height. Discharge. Gage ,_:'"harg~ I height. 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

-0.7 54-0 1.8 3,496 5.0 11,560 8.2 19,624 
-0.6 560 2.0 4,000 5.2 12,064 8.4 20, 128 
-0.5 580 2.2 4,504 5.4 12,568 8.6 20,632 
-0.4 600 2.4 5,008 5.6 13,072 8.8 21,136 
-0.3 625 2.6 5,512 5.8 13,576 9.0 21,640 
-0.2 650 2.8 6,016 6.0 14,080 9.5 22,900 
-0.1 675 3.0 6,520 6.2 14,584 10.0 24,160 

0.0 700 3.2 7,024 6.4 15,088 10.5 25,420 
0; 2. 800 3.4 7, 528 6.6 15,592 11.0 26,680 
0.4 1, 000 3.6 8,032 6.8 16,096 11.5 27, 9!0 
0.6 1,220 3.8 8,536 7.0 16,600 12.0 29,200 
0.8 1,470 4.0 9,040 7.2 17, 104 12.5 30,460 
1.0 1,760 4.2 9, 544 7.4 17,608 

! 
13.0 31,720 

1.2 2,100 4.4 10,048 7.6 18, 112 13.5 32,980 

Lii_ 2,530 4.6 10,552 7.8 18,616 i 14.0 34,240 
2,992 4.8 11,056 8.0 19, 120 14.5 35,500 6 

Estirnated nwnthly discharge of Staztnton River at Clarksville, Virginia. 

[Drainage area, 3,546 square miles.] 

I 
Discharge in second-feet. R""g 

Month. Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. squa1e 

mile. 

---------
1897. 

January ............ 11,686 1,540 5,773 354,970 1. 88 1. 63 
Fe uruary .. __ ...... 29,326 4,504 10,593 588,306 3.11 2.99 
March .. ___ ......... 11,938 3,118 6, 459 397,150 2.10 1.82 
April. .......... ____ 7, 906 1, 685 3, 584 213,265 1.13 1. 01 
May .• __ ....... - ... 10,804 1, 760 5, 367 330,004 1.74 1. 51 
June .•••.• _ . _ ...... a8, 410 a1, 220 a2, 301 136,920 0.72 0.65 
July ........... _ .. ~ 3,118 900 1, S78 84,730 0.45 0.39 
August .......... __ . 1,470 720 9831 60,442 0.32 0.28 
September ....... _. 900 625 705 41,951 0.22 0.20 

October ............ 5,008 550 1,540 94,691 0.49 0.43 

November ......••.. 10,804 600 1, 640 97,587 0.52 0.46 

I ])ece":ber .......... 10,300 950 2,401 147,631 0.78 0.68 
---5501 fhe year. ____ 29,326 3,560 2,547,647 13.46 1. 00 

a Approximate. 
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Sec.-ft. 
~.OOOI-+--t--H~~-+-t-11-+--t--+-+--+-+--+-+-l-+-+--+--t-1:--+~+-t-1-l---+-4-~--t-~ 

22, OOOH-+---HHI-l.J--+-Hf--+-+-+-H-+--+-+-H--++-+-IH-++-Hi-+-+-+-t-+-t-+-1 

20, 000 l-+--t--HI---1'H--+-t-11-+-+--+-+--+-+---+-+-ll-+-1--+-t-1i--+~+-+--l-l--+--4-~--t---l---4 

18, 000 l-+--t--HI-1~-+-t-11-+-+--+-+--+-+--+-+-ll-+-1--+-t-1:--+-+-+-~-l--+--4-l-+--t---l---4 

16, 000 l-+--t--HI---1fl--+-+--ll-+-+--+-+--+-+---+-+-ll-+-1--+-t-1i--+-l-+-+--l-l--+--4-l-+--t---l---4 

FIG. 42.-Discharge of Staunton River at Clarksville, Virginia, 1897. 

Rating table for Roanoke Rivef' at Neal, North Ca1·olina, fm· 1897. 

Gage Discharge. Gage Discharge.\ Gage Discharge. Ga~e Discharge. height. height. 

s-,~d-fu!.l 
height. beig t. 

Feet. Second-feet. Feet. Feet. Second-feet. Feet. Second-feet. 

0.0 2, 000 4.2 3, 300 8.4 6,060 16.5 15,950 
0.2 2,020 4.4 3,400 8.6 6,240 17.0 16,750 

0.4 2,040 4.6 3,500 8.8 6,420 17.5 17,565 

0.6 2,060 4.8 3,600 9.0 6,600 18.0 18,400 

0.8 2,100 5.0 3,700 9.2 6, 780 18.5 19,310 

1.0 2,140 5.2 l 3, 805 9.4 6,960 19.0 20,300 
1.2 2,190 5.4 

I 
3, 915 9.6 7,140 19.5 21,380 

1.4 2, 240 5.6 4,025 9.8 7,320 20.0 22,500 

1.6 2,290 5.8 4,135 10.0 7,500 20.5 23,720 

1.8 2, 340 6.0 4, 245 10.5 8,000 21.0 25,000 

2.0 2,400 6.2 4, 355 11.0 8,500 21.5 26,320 

2.2 2, 475 6.4 4,465 11.5 9, 040 22.0 27,700 

2.4 2,540 6.6 4,585 12.0 9,600 22.5 29, 190 

2.6 2, 610 6.8 4,705 12:5 10,190 23.0 30,800 

2.8 2, 680 7.0 4,850 13.0 10,800 23.5 32,570 

3.0 2,750 7.2 5, 010 13.5 11,460 24.0 34,550 

3.2 2, 830 7.4 5,180 14.0 12, 150 25.0 39,200 

3.4 2, 915 7.6 5,350 14.5 12,860 26.0 44,800 

3.6 3, 005 7.8 5,520 15.0 13,600 27.0 52,500 

~I 
3,100 8.0 I 5. 700 15.5 14,370 28.0 64,300 

3,200 8.2 
I 

5,880 16.0 15, 150 0 



182 PROGRESS OF STREAM MEASUREMENTS FOR 1897. 

Estimated rnonthly discharge of Roanoke River at Neal, North Carolina. 
I 

[Drainage area, 8,717 square miles.] 

~Month. Discharge in second-feet. Rnn·off. ~ 
Total in acre-

feet. Second-
Maxi- Mini- ·Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

--- ---
1897. 

January ............ 12,010 2,790 4,501 276,755 0.60 0.52 
February .......... 64,300 2,915 28,178 1,564,930 3.36 3.23 
March ..... -.............. -.... 37,700 7,320 22,824 1,403,390 R.02 2.62 
ApriL .............. 22,270 4,525 8,440 502,215 1. 08 0.97 
May ............... 21,160 4,410 8, 707 ~35,350 1.15 1. 00 
June ............... 9,040 3,005 4, 252 253,010 0.55 0.49 
July .. __ .... __ ..... 7,410 2, 790 3,956 243,245 0.52 0.45 
August ...... : ...... 3, 650 2,240 2,673 164,360 0.36 0.31 
September ...... ___ 3,150 2,000 2,217 131,920 0.28 0.25 
October ............ 4,465 2,010 2,561 157,470 0.33 0.29 

November .... ----~- 8, 710 2,340 3,095 184,165 0.40 0. 36. 
December ........... 10,190 3,250 5,520 339,410 0.72 0.63 

------
5, 756,220 1 The year ..... 64,300 2,000 8,077 12.37 0.93 

35,000~-+-+~~~~-+~4-+-r4~~4-~-+-+~4-+-r1-+-r4-~~-r;-~ 

30,000~-+-+~~~~-+~4-+-r4~~4-~-+-+-r4-+-r1-+-r4-+-~-r;-~ 

FIG. 43.-Discharge of Roanoke River at Neal, North Carolina, 1897. 
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TAR RIVER. 

The only important power developed on this river is a.t the fall line 
and at the town of Rocky Mount, North Carolina. The dam extends 
entirely across the stream in a. slightly broken line, with an excellent 
rock foundation. It is built of granite, 600 feet long, and averages 11 
feet high. The bed of the river is of solid rock and the banks moder
ately high, affording a safe development. The race is 191 feet long, 
and the head on the wheels is 24 feet. The mills are three in number, 
contain 25,000 spindles, and use, it is said, about 1,000 horsepower, 
developed during nine months of the year by water alone, while during 
the dry season, not exceeding three months; a deficiency in water is sup
plied by the auxiliary steam plant. It is said that this power is capable 
of still further development by raising the dam and deepening the 
tail-race. There is very little trouble with fresh.ets and none at all 
with ice. 

Measurements were made in 1897 on Tar River at the gaging station 
located at Tarboro, North Carolina, described in Water-Supply and 
Irrigation Paper No. 15, p. 29. 

Rating table for Tar River at Tarboro, North Carolina, for 1897. 

Gaue 
height .. Discharge. Gage 

height. 

Feet. Second-feet. Feet. 

-1.0 170 0.8 
-0.9 177 1.0 
-0.8 185 1.5 
-0.7 192 2.0 
-0.6 200 2.5 
-0.5 210 3.0 
-0.4 220 3.5 
-0.3 230 4.0 
-0.2 240 4,5 
-0.1 255 5.0 

0.0 270 5.5 
0.2 310 6.0 

~ 
360 7.0 

6 410 8.0 

Discharge. 

Second.jeet. 

470 
540 
730 
950 

1,180 
1,430 
1, 680. 

1, 935 
2,197 
2,460 
2,735 
3,015 
3, 600 

4,250 

Gage 
height. 

Feet. 

9.0 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 

Di 

Se condjeet. 

4,950 
5,650 
6,370 
7,180 
8,050 
8,950 
9,900 

10,900 
11,900 
12,900 
13,900 
14,900 

_j 
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Estimated monthly discha1·ge of 1'm• River at Tm·bo1·o, North Carolina. 

[Drainage area, 2,290 square miles.] 

IM.~th Discharge in second-feet. Run-off. 

Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

------

1897. 
January ................ 4,460 1,155 1,814 111,539 0.91 0.79 
February .......... 8,725 1,480 4,888 271,466 2.22 2.13 
March ....... ___ ... 14,600 2, 197 6, 789 417,440 3.41 2.96 
April _ ...... __ . _ ... 9,800 1,280 3,6~6 216,357 1. 77 1. 59 

May------------··· 3,915 690 1, 580 97,150 0.79 0.69 
J nne ............... 1,280 360 689 40,999 0.33 0.30 
July ............. __ 3,723 310 1, 198 73,665 0.60 0.52 
August ............. 860 247 399 24,533 0.20 0.17 

September ......... 2,460 196 490 29, 155 0.23 0.21 
October ...•........ 770 170 295 18,139 0. 15 0.13 
November ........ _ . 2,250 347 674 40,105 0.32 0.29 

I December. _________ 

1 

3,072 ~ 1,430 87,928 0.71 0.62 
-

The year..... 14, 600 170 1, 990 1,428,476 11.64 0.87 

8,000~-+-+-r~r;~-r,.+-~-+-+-r~~-+~+-+-~-+~+-~-+~4-~~ 

7, ooo:-t--+-+-t-t-a-

2, 

1, 

FIG. 44.-Discharge of Tar River at Tarboro, North Carolina 1897. 
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NEUSE RIVER. 

The first power site of importance on this river, only partially 
developed, is at Mil burnie or Neuse mills, about 25 miles above Smith
field and 6 or 7 miles northeast from Raleigh. There is an open frame 
dam acro~s the river, 8 feet high and 250 feet long, developing about 
300 horsepower at mean low water. The bed here is of solid rock, 
very favorable for a dam, and the race had to be blasted out. The 
banks are abrupt on the right but are more sloping on the left; the loca
tion is said to be safe, and it is expected that this site will be utilized 
in a short time. The next power development on the river is the paper 
mill of the Raleigh Paper Company. This mill islocated3 miles above 
the crossing of the Seaboard Air Line, 13 miles 11orth of Raleigh. The 
open frame dam, which extends entirely across the river, is of wood, 
410 feet long and 6 feet high, backing the water about 10 miles, the 
depth averaging perhaps 8 feet. A race about 1,000 feet long leads to 
the mill, where the fall is 18 feet. The power used is said to be 300 
horsepower, but it is evident that this power can only be obtained 
during' eight or nine months of the year. 

Measurements were made on the Neuse in 1897. A gaging station 
is located un this river at Sel.ma, North Carolina, described in Water
Supply and Irrigation Paper No. 15, p. 30. 

Gage 
height. 

Feet. 

-0.5 
-0.4 
-0.3 
-0.2 
-0.1 

0.0 
0.1 
0.2 
0. 4~ 

0.6 
0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 

Rating table for Neuse Rivet· at Selma, North Carolina, for 1897. 

Discharge. Gage 
height. Discharge. 

Second-feet. Feet. Second-feet. 

70 2.2 698 
75 2.4 754 
92 2.6 810 

110 2.8 866 
127 3.0 922 
145 3.2 980 
165 3.4 1,040 
185 3.6 1,100 
230 3.8 1,160 
275 4.0 1,220 
325 4.2 1,280 
375 4.4 1,340 
425 4.6 1,400 
475 4.8 1, 460 
530 5.0 1, 520 
586 5.2 1,580 
G42 5.4 1,640 

Ga~e 
heig t. Di~charge. 

Feet. Second-feet. 

5.6 1, 700 
5.8 1, 760 
6.0 1,830 
6.2 1, 900 
6.4 1,970 
6.6 2,040 
6.8 2,110 
7.0 2,190 
7.2 2,270 
7.4 2,350 
7.6 2,430 
7.8 2,510 
8.0 2,590 
8.5 2,825 
9.0 3,075 
9.5 3,355 

10.0 3,650 

Gage 
height. 

Feet. 

10.5 
11.0 
11.5 
12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 

Di 

-

Se cond-feet. 

3, 950 
4,260 
4,570 
4,880 
5,190 
5,500 
5, 810 
6,120 
6,430 
6,740 
7,050 
7,360 
7,670 
7, 980 

_j 
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Estimated rnonthly discharge of 1:-leuse Ri1Jer at Selrna, Nm·th Carolina. 

[Drainage area, 1,175 square miles.] 

Discharge in second-feet. Rung 
Month. Total in acre· Second-feet. Maxi- Mini- Mean: Depth in feet per 

mum. mum. inches. square 
mile. 

---

1897. 

January -----· ..... 3,243 400 846 52,020 0.83 0.72 
.}.,ebruary ·----- ____ 5,624 558 2,302 127,846 2;04 1. 96 

March -----·. ·----· 7,856 810 2,903 178,500 2.85 2.47 

April ...... -------- 6,430 586 811 48,258 0.77 0.69 

May·----·----·---· 3,414 475 920 56,570 0.90 0.78 

June------.-------- 1,830 252 570 33,920 0.54 0.48 
July __ . _ ....... __ .. 1,700 230 658 40,460 0.64 0.56 

August ....... -----· 586 165 232 14,265 0.23 0.20 
September ..... ____ 185 92 145 8, 627 0.13 0.12 
October .. ___ . _____ 230 75 126 7,747 0.13 0. 11 
November ----- . -- .. 726 145 265 15,768 0.26 0.23 

I Decew ber ...... ---. 1,830 375 795 48,882 0.78 

'3 ------
The year . ____ 7,8.-16 75 881 632,863 10.10 0.75, 

Sec.-ft. 
12, v•v 

11,nUI'nJ'Ur-r;--r,_~~-+-+-r;-;-+-r-~~-r+-+-+-~-4-+~~+-+-~~~~~ 

90 vv 

8, nnn 

7, •nn 

6, OOOH-+-+-1--1--1-

5, nnn. 

4,~ 

. 

!.a 

FIG. 45.-Discbarge of Neuse River at Selma, North Carolina, 1897. 
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CAPE FEAR RIVER. 

At what may be designated as the fall line of Ca.pe Fear River, 30.5 
miles above Fayetteville, there is a fall of 27 feet in a distance of 3.5 
miles, known as Smileys Falls. Tbe bed is rock, and the facilities for 
dams and races, as well as for building, are said to be good. Stone
filled wooden dams were built here many years ago to make th~ ri-ver 
navigable, and the falls are now being surveyed with a view of devel
oping the water power, which is claimed to be one of the finest in this 
section of the State. The site offers many advantages for manufactur
ing enterprises. Fuel in the shape of timber and coal is abundant in 
the immediate neighborhood, and there is also fine wood and stone for 
building materials. 

About 11 miles above Smileys Falls are the Buckhorn Falls, the 
next in importance on the river. At the head of the falls are the rem
nants of a wooden dam, about 1,000 feet long and 3 to 4 feet high. It 
is V-shaped with the apex upstream, one .arm being nearly at right 
angles to the banks, terminating on the east side at an island, behind 
which it turns a portion of the water as into a' natural race, extend
ing for a distance of a mile or so between the bank and a succes
sion of islands connected by a series of slough dams. At the end· of 
the last island a slough dam connected it with the bank, and naviga
tion was at one time continued by means of a canal about half a mile 
long, 40 feet wide at the surface, and 6 feet deep, provided with three 
locks, giving a total lift of 22 feet. 

These falls constitute an excellent power, with location perfectly 
safe and easily available. The exi~ting canal constitutes a race ready 
for use, and by utilizing the lift of the guard lock and discharging the 
water directly into the river at the works a fall of about 20 feet may 
be rendered continuously available except during severe freshets. The 
canal is in fair condition and might be made perfect at small cost. If 
necessary, it could easily be widened so as to increase its capacity. 

Rockfish Creek, one of the small tributaries of the Cape Pear, 1 which joins it on the 
south side some 10 miles below Fayetteville, is one of the sand-hill streams, so 'called 
from the belt of sandy bills in this part of the country which they traverse. The 
drainage basin of Rockfish Creek lies below the fall line. There are no falls, but a 
gradual declivity. Of the available power on this stream but a small proportion is 
being utilized. Formerly there were one or two sawmills located on it below the 
mouth of Little Rockfish Creek, but these have all disappeared. Above this point 
there is one cotton mill, Hope Cotton Mill No.2, a few small saw and grist mills, and 
several promising but undeveloped powers. The cotton mill contains 210 looms and 
10,000 spindles, operated entirely by water power, about 200 horsepower being 
required. The supply of ~ater is ample even during the driest years. Besides this 
mill, there are on the tributarit•s of this creek three other mills operating a total of 
341looms and 12,900 spindles. 

Haw River, the largest tributary of the Cape Fear, has ha(l many water-power 

1 Data compiled from a report prepared by Prof. J . .A. Holmes, State geologist of North Carolina. 
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developments along its course, of which the following are the most important, com
mencing at the mouth of the river: 

The first power is situated just below the mouth of New Hope River and is known 
as the Bland Mill site. The fall here is about 7 feet. The wooden dam built to 
develop power for a large gristmill has been nearly destroyed. About 2 miles 
farther upstream is a power known as Hartsaws site, where the available fall is 
said to be 6 feet. Three miles above Hartsaws is Moore's mill. There is no dam 
here, bnt a race some 200 yards long leads to the mill, where a fall of some 10 feet is 
obtained. The shoal is about 1mile long and the total fall is said to be about 22 feet. 

One and one-half miles above Moore's mill is ·williams's mill, where there is a fall 
of 7 feet, but the dam could easily be raised and 3 to 4 feet additional fall obtained. 

The site is not a good one for a mill of any si7.e1 as the 'river is very wide and is 
here divided by an island half a mile or more long. The pond is ~1bont 450 yards 
long, and starting from its head there it:~ ?' fall of 12 to 14 feet in the next three
fourths of a mile. Two miles above this is the power known as the Seven Island 
Shoal, where the fall is said to be 7 feet. The next site is at Henley's mill, 12 or 13 
miles from the mouth of the river. The fall here is about 8 feet at the mill, and the 
total fall in the shoal is estimated at 16 feet. 

The most important power on this part of the river is that at Bynums, 4 miles 
above Henley's mill nnd 17 miles above the mouth of the river. Here are located 
the cotton mill of the Odell Manufacturing Company, containing 4,500 spindles, a 
cotton gin, corn mill, and roller flour mill, all operated by water from the same 
race. The dam is 3t feet b'igh and 500 feet long, ponding the water over 10 or 12 
acres. A race 600 feet long leads to the mill, where the fall is 16 feet and the power 
developed is about 125 horsepower, notwithstanding more or less waste of water. 

A short distance above Bynums is Pace's mill. The darn here is 8 feet high and 
100 feet long, and from it a race 450 feet long leads to the mill, where a fall of 14 feet 
is used. Upon this property there are said to be two other sites not used, one below 
the mill with 10 feet fall, and one above with 13 feet fall, which can be rendered 
available by a darn 4 feet high and 600 feet long and a race 600 feet long. Within the 
next 3 miles there are several sites not used At Loves is a mill utilizing a fall of 
11 feet, and at Saxapahaw is located the Saxapahaw Cotton Mill containing 4, 704: 
spindles and 100 looms. There is a clam extending across the river about 375 feet 
long and 3 feet high. The fall at the mill is said to be 19 feet, and the power devel
oped is about 160 horsepower. Three miles above Saxapahaw and 4:1 miles above 
the mouth of the river is Newlin's gristmill. The darn is of wood and stone, 900 
feet long and 5 feet high, and from it leads :L race 400 yards long and 10 feet wide, 
carrying the water to the mill, where the fall is said to be 9 feet. 

The next power is an undeveloped one owned by the Virginia Cotton Mills Com
pany, of Swepsonville, Alamance County. The available fall here is some 6 or 7 
feet and it is proposed to develop this shoal and transmit the power electrically to 
the cotton mill:tbove. One mile above thit! site and 45 miles above the mouth of the 
river is the cotton mill of the Virginia Cotton Mill Company, which contains 200 
looms and 4,160 spindles. The dam is of wood, 550 feet long, 7 feet high, and from it 
a race 4:50 yards long leads to the mill, where the fall is 13 feet and the power used 
about 160 horsepower developed by two 61-inch turbine wheels. Full capacity can 
be obtained all the time except in the very driest seasons. 

Fifty miles above the mouth of the river are the Granite Cotton Mills, owned 
by the Thomas l\1. Holt Manufacturing Company, of Haw River, located just above 
the crossing of the North Carolina Railroad. These mills contain 8,500 spindles and 
436 looms, all operated by water power. The darn is of wood and stone, 6-10 feet 
long and 12 feet high, and backs the water about 1! miles. There is no race, the mill 
being located directly at the dam. The head is 12 feet and the power developed is 
450 horsepower, furnished by two 60-inch turbines. These mills are frequently 
troubled with laek of water during dry seasons for two or three months each year 
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and llave an auxiliar~T steam phmt. At the heatl of tlle pond of the Granite mill is 
Seller's mill site, not now used, ·where the fall is said to be 12 feet. 

Fifty-five miles above the mouth of the river are the Juanita. Cotton Mills, con
taining 6,300 spindles. The fall here is 14 feet, 7 being given by the dam, which is 
of wood, 467 feet long, backing the water for three-fourths of a mile. The race .is 
200 feet long and the power developed is 140 horsepower, given by two 58-inch tur
bines. One mile above, and 56 miles above the mouth of the river, is the Carolina 
Cotton Mill, which operates 58 looms and 3,070 spindles. The dam is 200 feet long 
and 6 feet high, giving a fall of 15 feet at the mill through a race three-fourths of a 
mile long. One hundred and :fifty horsepower is nsed. 

One mile above the latter are the Glencoe Cotton Mills, containing 186 looms and 
3,500 spindles. The dam is 320 feet long and 9 feet high, giving a fall of 15 feet 
through a race 400 yards long. It is claimed that 160 horsepower can ue secured 
for ·u,t least 90 per cent of the time. 

The highest power ou the river is the site of the Altamaha Mills, located about 5 
miles from Gibsonville. station, on the North Carolina Railroad. This mill contains 
394 looms and 6,500 spindles. The dam is 350 yards above the mill and is 300 feet 
long and 15 feet high and backs the water 3 miles. The fall at the mill is 20 feet 
and 300 horsepower if'! used, 50 of which is furnished by an engine in use all the time. 

Among the triuutaries of Haw River are a few small streams that deserve men
tion on account of the power developments on them. The first considerable trilm
tary met with in ascending the river is New Hope River, which enters from the 
west, after flowing through Orange and Chatham counties, draining an area of 317 
square miles. On it have been developed only small grist and saw mill sites. Cane 
Creek is the next important tributary. There was formerly located on this stream 
one factory, the Clover Orchard Cotton Factory, which utilized about 50 horse
power from a fall of 23 feet. A mile or more above this old site is the Snow Camp 
·woolen Mill, containing lllooms and 400 spindles. A dam 12 feet high and 70 feet 
long gives a fall of 16 feet and develops, it is claimed, 40 horsepower during the 
greater part of the year. 

The next important tributary is Alamance Creek. There are only two consider
able powers on the strea,m utilized by the Alamance and·the Bellemont cotton mills. 
The Alamance mill contains 94 looms and 960 spindles, using about 50 horsepower. 
The dam is of stone, 10 fee.t high and 125 feet long, with a race 250 ya1·ds long, 
and gives a fall of 12t feet at the mill. The Bellemont mill is located about 5 miles 
from Burlington. It contains 126looms and 2,592 spindles, and uses alJout 150horse
power, developed during nine months of the year by water alone; for the rest of the 
year it is necessary to supplement the water power with steam. The darn is 11 feet 
high and 100 feet long, built of wood, and has no race. 

The Reedy Fork of Haw River and the other triuutaries and forks in the upper 
part of the drainage basin offer powers utilized to some extent by saw and grist 
mills, and one cotton mill (th1_3 Ossipee). The country is :flat in the upper part of 
the uasin, and no falls occur in the streams. 

The Ossipee mill is located on the ~onth side of Reedy Fork, about 1t miles auove 
the junction of this stream with Haw River. It contains 300 looms and 3,600 spin
dles. The dam is 10. feet high and 150 feet long, giving a fall of 11 feet at the mill 
and developing 160 horsepower for nine months in the year. This is supplemented 
by steam during the dry season. 

Deep River, the second tributary of the Cape Fear in size, like Haw River, has 
along its course a number of water-power developmentd. The first power met with 
on ascending the river is at Lockville, about 2 miles from the mouth. The falls, 
known as Pullins Falls, were overcom"e by the navigation company and navigation 
established around them by means of two dams, and a canal leading down the river 
from the lower one, with an outlet lock into the river at the lower end of tl1e town, 
the lift ueing 24 feet. The lower dam is 600 to 700 feet long, 11 feet high, uuilt of 
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cribwork filled with stone, V-shaped with apex upstream, and backs the waterwith 
an average width of 700 .feet about half a mile to tbe upper Lockville dam. The 
foundation is of rock and the dam is not liable to much injury by freshets. This 
power is now used only by one small mill-a roller flour mill of about 40 barrels 
capacity per day. The second Lockville dam is located abon.t half a mile above the 
first, is similar in construction, and extends straigh-t across the river; its height is 
I6 feet, its length 700 feet, and its pond 2 miles in length, reaching up to the Gorgas 
Canal, with an average width of 600 feet. The lock at the north end is 115 feet long 
and I8 feet w~de, and the lift is 16 feet. Two and one-half miles above the second 
Lockville dam, just below the mouth of Rocky Hiver, is located the Gorgas dam, 
which extends straight across the river, is about 600 feet long and 7 feet high, built 
of cribs :filleu with stone, vertical on both sides, and backs the water up to the 
Endor dam, a distance of about 7 miles, with an average width of about 500 feet. 
At the Endor dam there is a fall of about 4 feet. 

Ten miles above this place is the Gulf dam, about 400 feet long and IO feet high, 
which backs the w:tter up to the Carbonton dam, 7 miles above. This power is used 
only by a gristmill, utilizing about 40 horsepower and a fall of IO feet. It is said 
that by a little cleaning out of the ri>er this fall could be increased to I2 feet. At 
the Carbonton dam there is a fall of 9 or 10 feet, and the dam was about 400 feet 
long, ponding the water for a distance of 6 miles. The Glendon Flouring Mills are 
about 6 miles above Carbon ton. There is here a 16-foot wooden dam, 300 feet long. 
There is no natural fall in the river. 

At Glenn's Mill, 12 miles above Carbonton, there is reported to be a dam 400 
yards long and I7 feet high, built of wood, which gives a fall of I9 feet at the 
wheels. The dam is V-shaped, apex upstream, and there is a gristmill at one end 
and a grist and saw mill and cotton gin at the other. 

Carbon ton is the head of navigation. The foundation of a lock was put in there, 
but the lock was never completed, :.tnd the boats never ascended into the Carbonton 
pool. A fall of 10 feet can easily be developed there for water power. 

At Prosperity, Moore County, () miles above Glenn's grist and saw mill, and 47 
miles above the mouth of the river, is W. K. Jackson's gristmill. The dam is 350 
feet long, 8 feet high, of wood and stone, giving a fall at the mill of 8 feet. 

At Big Falls, about It miles above Prosperity, there is a shoal about three-eighths 
of a mile long, with a dam at its head 350 feet long and 4 feet high. The fall at the 
mill is 15 feet, it is stated, although a 20-foot fall is said to be available. The 
stream is about 350 feet wide, with banks and bed of rock. This power is appar
ently well suited for the operation of some larger manufacturing establishment. 

Ritters Falls, 3 miles above, is an unimproved site, where the available fall is said 
to be 10 feet. One and one-half miles above Ritters Falls and 12 miles below the 
Enterpri8e mill is the gristmill of Howard & MofJ'att. The head here is 8t feet, 
derived from a 7-foot stone-and-wood dam, through a race I50 yards long. The dam 
is about 300 feet long. Gardners Shoal is the :firsli one above Howard & Moffatt's 
mill worthy of mention. There is here an available fall of about IO feet in half a 
mile. The bed and the banks of the river are of rock. 

Moons Shoal, I! miles farther upstream, was the site of an old gun shop. The 
fall here is 6 feet in about 300 yards, over rock bottom. One and one-half miles 
above Moons and three-fourths of a mile below the Enterprise mill is an unim
proved shoal-Silers Shoal-where the available fal1, over a good rock bottom, is said 
to be about 20 feet in one-fourth of a mile. Three-fourths of a mile above Silers Shoal, 
and 63 miles above the mouth of the river, are located the Enterprise Cotton Mills, 
containing 4,0()0 spindles and using about 1150 horsepower. The dam is of cemented 
masonry, 3;\- feet high and 360 feet long, and backs the water three-fourths of a 
mile. The race is 250 yards long and gives a head of 20 feet on the wheel. There 
is also a small flour mill operated by water from the same race. The supply of 
water is ample for all purposes throughout the entire year. One and one-half miles 
above Enterprise there is a shoal having a fall of about 8 feet in 300 yards, and It 
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miles above this place there is a similar shoal, with a fall of 7 feet in the same dis
tance; both are entirely undeveloped. Two miles above the last mentioned and 1 
mile below Ramseur is the Allen shoal. The fall here is 14 feet in half a mile over 
good rock bed, and with banks suitable for building. 

Sixty-nine miles above the mouth of the river is the town of Ramseur, where is 
located the mill of the Columbia Manufacturing Company, which contains 9,916 
spindles and 325 looms. The dam is of stone, 12 feet high and 425 feet long, back
ing the water up 1o the mill of the Randolph Manufacturing Company. The race 
is 300 yards long, the· working head is 15 feet, and 180 horsepower is developed. At 
Franklinville, between 2! and 3 miles above Ramseur, is the mill of the Randolph 
Manufacturing Company, which contains 3,500 spindles and 112 sheeting looms, and 
requires 125 horsepower. The dam is of stone, 8 feet high and about 400 feet long. 
The race is 100 yards long and carries the water to two turbines, which are said to 
develop 143 horsepower under a head of 12 feet. Half a mile farther upstream 
is the cotton mill of the Franklinville Manufacturing Company, which contains 
2,500 spin_dles and 40 bag looms and uses about 90 horsepower. The dam is of stone, 
5 feet high and 400 feet long. The race is between 450 and 500 yards long and the 
heafl on t.he wheel is 18t feet. There are also a gristmill and cotton gin, using about 
30 horsepower and drawing water from the same race. 

At Cedar Falls, 2 miles above the mill last mentioned and 73t miles above the 
mouth of the river, is the cotton mill of the Cedar Falls Manufacturing Company, 
which contains 3,936 spindles and is operated entirely by water power. The head is 
25 feet and the race is about one-half mile long. The dams are, three in number, 
built between islands, one 10 feet high and 150 feet long, and two each 7 feet high 
and 280 feet long. About 1 mile above this there is an undeveloped shoal, where 
the fall is said to be from 12 to 15 feet. Two miles above the last-mentioned site is 
the Central Falls Mill of the ·worth Manufacturing Company. The dam here is of 
wood, 9 feet high and 325 feet long, and backs the water up to the dam of the upper 
mill, a distance of 3 miles. Three miles above Central Falls is the site of the 
upper mill of the same company. The dam here is of stone, 17 feet high and 250 feet 
long. There is no race, and the dam backs the water for 1t miles. The two mills 
at 'Vorthville and Central Falls contain together 10,000 spindles and 328 looms. 
Four miles farther upstream and 84 miles from the mouth is the mill of the Naomi 
Falls Manufacturing Company of Randleman, North Carolina. These mills contain 
5,000 spindles and 298 looms for the manufacture of cotton cloth and cotton bags. 
'fhe dam is of wqod and stone, 13 feet high and 300 feet long, and backs the water 
abou\ one-half mile. There is no race, the water going directly to the wheels, 
which are capable of developing about 130 horsepower. This is supplemented at all 
times by at least 50 horsepower from the steam-power plant. 

One mile above Naomi Falls, in the town of Randleman, are located the two mills 
of the Randleman Manufacturing Company, which contain 5,000 spindles and 270 
looms, both mills being operated by water from the same race. The dam here is of 
stone, 12 feet high and 275 feet long, and backs the water 2t miles without throw
ing the river out of its banks. The race is about 500 feet long and the working head 
is 12 feet, developing ·175 horsepower by means of 4 turbine wheels. For about six 
months in the year there is enough water to run the mills to their full capacity by 
the use of water power alone. There is said ~o be a shoal, called the Island Ford 
Shoal, about 2 miles above Randleman, having a fall of 10 or 12 fee_t. Four miles 
above Randleman is ·walker's gristmill, which has an 8-foot stone dam 300 feet 
long, which furnishes a 10-foot working head through a race 110 yards long. 
Coltrane's gristmill, 3 miles above Walker's, has an 8-foot masonry dam 100 yards 
long, and a working head of 10 feet. The race is about 100 yards long. 

Freemon's gristmill is 5 miles above the last-named site. Itwas·built for a woolen 
mill and was run as such for some time. The dam is of stone laid in cement, 12 feet 
high and 130 feet long. There is no race. Five miles above Freemon's mill, 102 
miles above the mouth of the river and 1 mile below Jamestown station, on the 



·192 PROGRESS OF STREAM. MEASUREMENTS FOR 1897. 

Southern Railway, is the cotton mill of the Oakdale Mannfa.cturing Company, which 
contains 3,320 spindles. The fall here is 25 feet, obtained by a wooden dam 20 feet 
high ancl 260 feet long, and a race 250 feet long. The dam backs the water 1 mile 
with an average width of ponu of 100 feet. The powers above this point are 
inconsiderable. 

Rating table fm· Cape Fear Rit·er at Fayetteville, North Ca1·olina, j01· 1897. 

I 

Gage Discharge. Gage Discharge. . Ga!te 
height. height. heig t. Discharge. Ga~e Discharge. heig 1t. 

I 

Feet. Second-feet. Feet. Second-feet. Feet. 

0.0 300 5.8 2, 400 11.8 
0.1 320 6.0 2,500 12.0 

Second-feet. Feet. Second-feet. 

5,780 21.0 13,400 
5,900 22.0 14_, 500 

0.2 340 6.2 2,600 12.2 6,020 23.0 15,650 
O.J 380 6.4 2,700 12.4 6,140 24.0 16,940 
0.6 430 6.6 2,800 12.6 6,260 25.0 18,300 
0.8 480 6.8 2,900 12.8 6,380 26.0 19,660 
1.0 530 7.0 3,000 13.0 6,500 27.0 21,020 
1.2 580 7.2 3, 100 13.2 6,640 28.0 22,380 
1.4 630 7.4 3,200 13.4 6,780 29.0 23,740 
1.6 690 7.6 3, 300 13.6 6, 920 30.0 25, 100 
1.8 750 7.8 3,400 13.8 7,060 31.0 26,460 
2.0 810 8.0 3,500 14.0 7,200 32.0 27,820 
2.2 875 8.2 3, 620 14.2 7,340 33.0 29,180 
2.4 945 8.4 3,740 14.4 7,480 34.0 30,540 
2.6 1,020 8.6 3,860 14.6 7,620 35.0 31,900 
2.8 1,100 8.8 3,980 14.8 7,760 36.0 33,260 
3.0 1,180 9.0 4,100 15.0 7,900 37.0 34,620 
3.2 1,260 9.2 4,220 

I 
15.2 

3.4 1, 340 9.4 4,340 15.4 
8,04.0 38.0 35,980 
8,180 39.0 37,240 

3.6 1,420 9.6 4,460 15.6 8,320 40.0 38,600 
3.8 1,500 9.8 4,580 15.8 8,460 41.0 39,960 
4.0 1, 580 10.0 4,700 1G.O 8,600 42.0 41,320 
4.2 1,670 10.2 4,820 I 16.5 
4.4 1,760 

I 
10.4 4,940 17.0 

4.6 1,850 10.6 5,060 17.5 

9,000 43.0 42,680 
9,400 I 44.0 44,040 
9,850 r: 45.0 45,400 

4.8 1,940 : 10.8 5,180 18.0 
I 

10,300 1: 46.0 46,760 
5.0 2,030 11.0 5,300 18.5 10,800 47.0 48,120 
5.2 2,120 11.2 5,420 19.0 11,300 48.0 49,480 
5.4 2,210 11.4 5,540 19.5 
5.6 2, 300 11. 6 I 5,660 20.0 

11,800 49.0 50,840 
12,300 50.0 52,300 

I I : i 
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Estimated monthly discharge of Cape Fear Rit-er at Fayetteville, North Carolina. 

[Drainage area, 4,493 square miles.] 

I 
Discharge in second-feet. Run~ 

Month. 
I Total in acre-

feet. Second-

: 
Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

I mile. 

---

1897. 
January _ .......... 17,688 1,580 3,694 227,140 0.94 0.82 
February .......... 33,668 2,255 12,802 710,986 2.97 2.85 
March ............. 35,708 3,100 12,233 752,280 3.14 2.72 
April .............. 22,788 1,760 6,871 408,850 1.71 1.53 

May--······------- 9,760 1,580 3,191 196,210 0.82 0.71 
June ............... 3,860 750 1,833 109,070 0.46 0.41 
July ............... 18,708 780 3,180 195,530 0.82 0.71 I 

August . --- ......... - ..... 2,900 875 1, 570 96,535 0.40 0.35 
September ......... 1,850 360 664 39,510 0.17 0.15 
October ............ 875 340 517 31,790 0.·14 0.12 
November ..••...... 4,520 630 1,281 76,230 0.32 0.29 

I Decem beL ........ _ ~· 700 1, 180 2, 165 , 133,120 0.55 0.48 

I The year. ... ·l3o, 708 340 4, 167 I 2,977,251 12.44 0.93 

FIG. 46.-Discbarge of Cape Fear River at Fayetteville, North Carolina, 1897. 

19 GEOL, PT 4--13 
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Y AD KIN RIVER. 

Yadkin River, called the Great Pedee below its junction with U wharie 
River, takes its rise on the eastern slope of the Blue Ridge, in Caldwell 
and Watauga counties of North Oarolina. It flows first slightly-north 
of east for some distance, then bending abruptly to the right it flows 
a little east of south, passing into South Carolina, and continuing this 
same general course empties into Wiuyah Bay at Georgetown. Follow
ing the general course of the stream the distance from its source to its 
mouth is between 275 and 300 miles, but following all its windings it is 
much greater, exceeding 400 miles, as nearly as can be estimated by 
measurement on the· map. 

As described by Prof. J. A. Holmes in his report, there are no towns 
of importance on that part of the river where there are facilities for 
water power. In North Carolina there are no towns on the river with 
more than a few hundred inhabitants, the principal ones being Elkin, 
in the southwest corner of Surrey County, and Wilkesboro, the county 
seat of Wilkes County. The Great Pedee crosses the fall line a little 
above Chera;w. The fall is not so pronounced as in the case of the Tar 
and the Roanoke, but consists of a series of r-apids extending over a 
number of miles, with no very great fall in any place or within any short 
distance. Between the Carolina Central Railroad crossing and the 
mouth of U wharie River there are four prominent shoals that may be 
considered available for water power, and between these there are a 
number of smaller shoals not worth mentioning in this connection. The 
total distance is about 47 miles, and the total fall in the river between 
the two points is about 158 feet. Bluetts Falls, the first of these shoals, 
is about 18 miles above the State line. It is about 1,000 feet long and 
has an estimated fall of 8 or 9 feet in this distance. Grassy Island Shoal, 
about 19 miles above the State line, has an estimated fall of 35 or 36 
feet in a distance of 4.5 miles. The river at this place is at least half 
a mile wide, with an average depth of about 8 inches. Swift Island 
Shoal, about 56 miles above the State line, has an estimated fall of about 
18 feet in a distance of 2.5 miles. There is here a rock dam 4 to 5 feet 
high, extending across the river in the form of a V, with the apex 
upstream, from which a race one-half mile long leads to an abandoned 
cotton factory on the east side of the river. Mills are said to have been 
in operation at this point for three-quarters of a century. The site is 
about 8 miles east of the Southern Railway station at .Albemarle, the 
county seat of Stanly County. Gunsmith s~oals, about 61 or 62 miles 
above the State line, is just below the mouth of Uwharie River, and 
bas a fall of 9.5 feet in a little less than half a mile. 

About 64 or 65 miles above the State line are the Narrows of the 
Yadkin, the most famous water power in North Carolina. For 4 or 5 
miles above the mouth of the U wharie the country is entirely different 
in character from that both below and above this region. Over the 
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shuals just described and those described further on, which occur higher 
up the stream, the bed of the river spreads out to a width of from 
1,000 to 1,500 feet, and at Grassy Islands it is not less than half a mile 
wide. Before entering the Narrows the river is nearly 1,000 feet wide, 
from which it suddenly contracts, entering a narrow ravine with 1·ocky 
and almost perpendicular banks that rise to a height of from 150 to 
300 feet. Between these it pours with great violence, preserving for a 
distance of about a quarter of a mile an average width not exceeding 
150 feet, while in some places the width is only 60 feet. Below the 
Narrows proper the stream expands to a width of from 150 to 300· feet, 
and flows with a rapid current for the succeeding 2~ or 3 miles through 
a narrow gorge, the banks on each side being very steep and rocky, 
except in one or two places where a small lateral valley approaches, 
affording room for a mill site. About 2 miles below t.he Narrows 
proper, but still within the gorge, are the rapids known as Little Falls, 
and half a mile below are those known as Big Falls. Just below the 
latter comes a long and narrow stretch called" the Lake," where the 
river is still confined between rocky and very steep banks, but the fall 
is very small, the width of the stream only from 100 to 200 feet, and 
the depth very great. At the lower end of the Lake, which is be~tween 
a quarter and a half mile long, the river widens out, and from that 
point down to the mouth of the Uwharie,.about 1mile, the river is inter
spersed with rocks and islands, with banks 10 to 20 feet high on each 
side, and behind them flat lands for several hundred yardR. The total 
fall in the river from the falls at the head of the Narrows to the mouth 
of Uwharie River is 91 feet, and of this 37 feet are concentrated in 
the Narrows proper, a distance of about 1 mile. 

Above the ~arrows and between this place an'd the Southern Rail
way crossing near Salisbury there are six important shoals and anum
ber of smaller ones. The general width of the river in this portion of 
its course is from 600 to 1,000 feet. The banks have an average height 
of about 10 feet above average winter water. Bull Island Shoal, the 
first above the Narrows, has a total fall estimated at 37 feet in a length 
of nearly 2 miles, beginning about one-half mile below Pennington's 
ferry, and ending from 1 to 2 miles above the Narrows and from 66 to 
67 miles above the State line. The second important shoal above the 
Narrows lies between Pennington's ferry and Milledgeville. It has a 
total fall of 7 4 feet in a distance of 4~ miles. The Mi1ledgeville Shoal, 
the third of importance above the Narrows, ha::; a fall of 14 feet in a 
distance of seven-tenths mile; one plunge of about 6 feet occurs near 
the bottom of the shoal. It is situated apout 6~ miles above theNar~ 
rows, 70 or 71 miles above the State line, and a short distance below 
Stokes ferry. This shoal is utilized to some extent. The Yadkin Falls 
Manufacturing Company has a cotton factory and gristmill on the 
east side of the river, using in all 125 horsepower. The wing dam 
on this side of the river is of stone, about 600 feet long, and gives a 
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10-foot fall at the factory, which contains 36 cards and 3,160 spindles. 
On the opposite or west side of the river at this point are located a 
sawmill, a gristmill, a cotton gin, and a wool-carding mill, using in all 
about 40 horsepower, supplied with water from a small wing dam 
extending from the bank across a portion of the river to an island. 
The fall secured is 8 feet. Motts Falls, the fourth important shoal, 
about 73 miles above the mouth of the l'iver, has a fall of 13~ feet in 
about eight-tenths of a mile. Bald Mountain Shoal, 2 miles farther up 
the river and about 75 miles from the State line, has a fall of about 8~ 
feet in half a mile. Flat Swamp Mountain Shoal, about 79~ miles 
above the State line and less than 1 mile below the mouth of Abbott 
Creek, has a natural fall of 10.2 feet in half a mile. Between the 
mouth of Abbott Creek and the Southern Railway crossing, a distance 
of some 10 miles, there are no shoals of importance, and the total fall 
in this distance amounts to 28.3 feet. Between the railroad crossing 
and the old Douthit's mill site there are several small falls, some of 
them occupied by small saw and grist mills. About 135 miles from the 
State line and 291.5 miles front the mouth of the river is the old 
Douthit's mill site, just at the crossing of the Winston and Mocks-

. ville Raill_'oad; this site is now used by the Fries Manufacturing and 
Power Company, of Winston-Salem. The dam here is of stone, 10 
feet high, extending obliquely across the river. The west abutment of 
the dam is the pier of the railroad bridge, and at the east end is the 
power house, which contains 8 turbine water wheels on vertical shafts, 
developing, it is claimed, 1,000 horsepower under a bead of 10 feet. 
These wheels are geared directly to the main shaft, which carries the 
generator, a Stanley 3-phase alternator of 750 kilowatts capacity, 
generating the current at a potential of 11,000 volts. This is trans
mitted a distance of 13~ miles to Winston-Salem to the transformer 
station, where, by means of step-down transformers, the current is 
reduced to a potential of 1,250 volts, and from there distributed to the 
mills in the vicinity. Two of the mills, distant about 22- and 0 miles 
from the transformer station, which have their own transformers, 
receive the current direct at the potential of 11,000 volts. All the 
motors are of the Stanley synchronous alternating type. Power from 
the plant of the Fries Manufacturing and Power Company is supplied 
to the Arista Mills, the Southside Cotton Mills, the Wachovia Grain 
Mills, the F. & R. Fries Woolen Mill, the Winston-Salem Electric 
Company, the wood working establishment of Fogle Bros., the Vance 
Iron Works, and the Salem Water Supply Company; and the company 
has also contracts on hand for several hundred additional horsepower. 
The plans anticipate the enlargement of the plant to double its present 
size. 

Between this point and the bead of Bean Shoal, a distance of about 
33 miles, there are four shoals with falls varying from 4.5 to 8 feet. 
The principal shoal on this part of the riYer is Bean Shoal, situated 
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about 824.7 mi1es above the mouth of the river and about 168 miles 
above the State line, the fall in 4 miles being over 39 feet. In the lower 
part of the shoal there is a fall of about 10 feet in 2 miles. The only 
part of the shoal now being utilized is near the middle, where l\fartin's 
gristmill is situated on the south side of the river. Between 1820 and 
1835 the Yadkin Navigation Company did considerable work at these 
shoals with a view of renrlering the river navig~ble. .A dam was built 
at the head of the shoals and a canal was commenced along the north
ern side of the river. The only trace of a dam now to be seen is an 
abutment at the entrance of the canal. The canal was completed for a 
little more than a mile from the head of the shoal and was from 15 to 
45 feet wide at the bottom. .At 2,000 feet from the head of the canal 
are the ruins of a guard lock 12 feet wide. The canal has silted up by 
the floorls and, where it passes through the woods, bas been overgrown 
by trees and bushes. Lime Rock Shoal is about 7:} miles farther up the 
river and has a fall of 10.62 feet in 2.59 miles. Twelve miles higher up 
the river and about 35 miles from Wilkesboro is the Devils Staircase 
and Long Shoal, where in 1.61 miles the fall is 11.18 feet over a rock 
bottom. The other shoals on the river call for no special remark. 
Besides those mentioned there are many smaller ones which might 
equally well be used for power . 

.Above Wilkesboro the fall of the river continually increases and there 
are some sites for power. The only considerable power used is that at 
Patterson, Caldwell County, where Messrs. Gwyn, Harper & Co. have 
a cotton mill, woolen mill, sawmill, and gristmill. The cotton mill con
tains 56 looms and 2,288 spindles and is run by water power, supple
mented by steam in dry seasons. The dam is of wood and stone, 15 
feet high and 300 feet long. The race is of wood, 200 yards l<?ng, giving 
a fall at the factory of 25 feet, which it is claimed develops 80 horse
power by means of a turbine wheel during eleven months in the year, 
the mill running twelve hours a day. The woolen mill contains 4 sets 
of cards, 20 looms, and 480 spindles, which are operated by the same 
water power, supplemented by steam in dry seasons. 

A number of the tributaries to the Cape Fear and Yadkin rivers are sand-hill 
streams, as they are called. 1 

The sand-hill belt consists of broad, fiattish swells, well wooded, as a rule, with 
long-leaf pine, and generally with an undergrowth. The surface deposit of saud 
varies from 1 or 2 feet to 5 or 6 feet in depth, and is in places 10, 20, or even 100 
feet thick. It is underlain by less pervious strata of sand grit and clay of the Ter
tiary and Cretaceous formations, which is in places very thick, having been bored 
into for a depth of 175 feet in one place. The smaller streams of the sand hills have 
not cnt out their beds through the sand, and are often Mlnggish, stagnant, and 
marshy; but the larger creeks and the rivers have cut away the sand entirely and 
worn out their beds to the less pervious strata beneath, which shed into the water 
courses all the water received by percolation. 

The rapidity with which the sand hills absorb the rain w~ich falls upon them, 

I The data contained in the following pages are compiled from a report prepared by Prof. J. A. 
Holmes, State geologist of North Carolina. 
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and thus remove it from the direct action of the sun, has the effect 9r"diminishing 
evaporation, while their thickness in places enables them to absorb considerable 
water, and give it out gradually as it reaches along the impervious strata beneath, 
and thus act as storage reservoirs. Hence the depth of the sand hills acts very 
beneficially; the streams of the class referred to not only discharge a large propor
tion of the rainfall on their drainage basins, but discharge it very uniformly, and 
their flow is remarkably constant. The value of the streams is also increased by 
the fact that the topography of the region is such that large ponds may be easily 
obtained, and storage room sufficient not only to regulate the flow to some extent 
during the year, but also to permit the concentration of the entire flow during 
working hours, and thus render it possible to double the power due to the natural 
flow of the stream when the mills are run only twelve hours. 

Gum Swamp Creek will serve as an illustration of the character of these small 
streams. It rises among the sand hills of Richmond County, about 8 or 10 miles 
above the Carolina Central Railroad at Laurel Hill, and within a about 12 miles of 
its source it furnishes the power to operate three small cotton mills-the Richmond, 
the Ida, and the Springfield. 

The Richmond Cotton Mill, located on this stream 2 miles north of the railroad 
and about the same distance from Laurel Hill, contains 2,556 spindles and is 
operated by about 90 horsepower all the year except that the water gets some
what low in very long dry seasons. The dam is 12 feet high, 600 feet long; the 
pond is 1~ miles long and one-third of a mile wide, and the head of the water on 
the wheel is 10 feet. The mill is run only during the day, and in dry seasons when 
the water in the pond is lowered during the day it fills up again during th€> night. 
The Ida yarn mill, 2k miles south of the Richmond mill and one-eighth of a mile below 
the railroad, contains 3:024 spindles, operated by about 110 horsepower throughout 
the year. The dam is 10 feet high and 900 feet long, producing a pond about 1 
mile long and 300 to 400 yards wide. The race is 300 yards long and the working 
head at the mill is 8 feet. The Springfield Cotton Mill, 1! miles below the Ida yarn 
mill, contains 2,304 spindles and uses about 85 horsepower. The fall of water at the 
wheel is 7t feet. The dam is 10 feet high and 525 feet long, causing a pond three
fourths of a mile long and 200 to 300 yards wide. The race is 200 yards long. 

The next tributary worth mentioning in North Carolina is Hitchcocks Creek, 
although there are several streams below it which are favorable for power. This 
creek flows entirely in Richmond County and has a length in a straight line of only 
about 16 or 20 miles, draining an area of some 102 square miles. It furnishes, how
ever, the power for five large cotton mills. Steele's cotton mill, containing 10,304: 
spindles and 300 looms, is the first important power on this creek, 2t miles above its 
mouth. The dam is of granite laid in cement, 16 feet high and 69 feet long, devel
oping, it is claimed, without a. race, 350 horsepower. The .Midway Cotton Mill, about 
4 miles above the mouth of the creek, contains 16 canis and 6,200 spindles. The 
dam is of wood, 13 feet high and 150 feet long. The present wheels d.eYelop, it is 
claimed, about 200 horsepower throughout the year. 

The Pedee Manufacturing Company's mill is located 2 miles above the Midway 
mill and contains 23 cards, 300 looms, and 6,112 spindles. The dam is of stone and 
dirt, 22 feet high and 107 feet long, giving 22 feet fall, which, it is claimed, furnishes 
300 horser10wer all the year round except during short and unusually dry seasons. 
The pond extends over 2 miles upstream. 

The Roberdel Cotton Mills (see Pl. XXVII, A), 2t miles above the Pedee mills and 
3 miles northeast of Rockingham, contains 24 cards, 300 looms, and 6,000 spindles, 
all operated by water power. The dam is of stone, 24 feet high and 170 feet long, 
giving a fall ot 22-?r feet at the factory, which is said to generate 300 horsepower 
throughout the year. 

The Ledbetter Manufacturing Company's cotton mill is located 2 miles above the 
Roberdel mill and operates 2,080 spindles and 2 sets of cards by water from this 
creek. The dam is of brick, 13 feet high and 140 feet long, giving a fall at the mill 
of 10 feet. The pond covers about 150 acres. About 100 horsepower is reported to 
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'be developed, of which 75 horsepower is used all the year round except for a few 
days, when high water interferes. · At t_he opposite end of the dam the company has 
a corn and flour mill. . 

On Falling.Creek, near its junction with Hitcbcocks Creek, is located the cotton 
mill of the Great Falls Manufacturing Company, three-fourths of a mile above the 
Midway mill. The factory contains 130 looms and 4,512 spindles, all operated by 
water power. This water power is one of considerable interest on account of the 
comparatively large amount of power continuously developed by the small sand-hill 
stream, with a drainage area of not more than 12 square miles. ·where the dam is 
now located there was originally a natural fall of 25 feet over the bed rock which 
here underlies the sand-bill formation, and on this rock bas been built a dam 18 feet 
high and 95 feet long, which gives a fall of 43 feet. The pond has an area of 10 to 
15 acres, and from this the water is carried to the wheels through an iron flume 75 
feet long. The power generated in ordinary years is 150 horsepower throughout the 
year, the mill running only during the day, so that even in the driest seasons the 
pond fills up at night and supplies a full head in the morning. In exceptionally dry 
years there are a few weeks during which the mill can not run on full time with all 
the machinery. The storage of water has been carried to a greater degree of effi
ciency on this stream than on any other sand-hill stream in the State. Above the 
pond at the mill three earth dams have been built across the stream and its tribu
tary branch, thus producing three reservoirs, one of 10 to 15 acres and two of 20 to 
30 acres each, all three from 5 to 6 feet deep. These store away a quantity of water, 
which is turned out from time to time when needed at the factory in dry seasons. 

The next most important tributary for power purposes is the South Yadkin. The 
first mill on the stream is 4 miles from its mouth, at South River (Foard & Lind
say's), and bas a fall of 6 feet, with a dam of the same height about 200 feet long. 
About 30 borse.power is used, but the available power is much greater. The dam 
backs the water 3 miles, nearly to the foot of the next shoal above-Hairstons Shoal. 

Hairstons Shoal is the most important one on the river, and is some 12 miles from 
Sali~:~bury and above the mouth of Third Creek. The river has, with a dam 3t feet 
high, a fall of about 15 to 16 feet in one-fourth of a mile, but the greatest fall, amount
ing to 13 or 14 feet in 200 yards, is at the upper end. 

Of the upper tributaries the :first and probably the largest is Ararat River, rising 
among the spurs of the Blue Ridge Mountains in Patrick County, Virginia, and 
draining an area of 315 square miles. There are a number of good powers along 
its course. The Hamburg Cotton Mill, operating 1,600 spindles, a grist and flour 
mill, and machine shops, are located on the Ararat River about 25 miles above its 
mouth and one-half mile east of Mount Airy. The wooden dam is 10 feet high and 
150 feet long and ponds the water for half a mile up the river. The fall at the milJ 
is 14 feet, and the entire plant uses about 40 horsepower all the year, although the 
stream develops a larger amount. At Buck Shoals, 2 miles below Mount Airy 
and 23 miles above the mouth of the river, is a saw and grist mill, with a dam about 
6 feet high and 200 feet long and a fall of 15 feet, only a small part of the power of 
which is utilized. Two miles below, at Tumbling Rock, there is said to be a nat
ural fall of10 feet. At Flat Shoals (Forge Mills), 3 miles farther down and about 
18 miles from· the mouth of the river, was a dam about 350 feet long and 8 feet 
high, which gave a fall of 24 feet, affording what was said to be an excellent power. 
On Stewarts Creek, a tributary of the Ararat, 4 miles above where it joins the latter 
stream, is located th.eLaurel Bluff Cotton Mill-a small factory with2,500spindles and 
a gristmill attached. There is adam 11 feet high and 125feet long, giving a fall at the 
mill of 16 feet, which it is claimed furnishes 100 horsepower nearly all the time. On 
Lovells Creek, another tributary of the Ararat, about 3 miles from Mount Airy, are 
located the Alpine Woolen Mills, which operate 20 looms and 432 spindles. Ther6 
is a dam 150 feetlongand5 feet high, giving a fallof8 feet. Fishers River and Mitch
ells River are the other tributaries of the Yadkin in Surry County, and on both 
there are a number of small water powers available, but none of special value have 
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been reported. Both rivers rise on the slopes of the Blue Ridge and flow through 
a region that is largely forest-clad and the supply of water is but little affected by 
the dry seasons. 

Elkin Creek, which flows for the greater pa.Pt of its course in Wilkes County, 
furnishes power at Elkin for a cotton factory, that of the Elkin Manufacturing 
Company, which contains 2,000 spindles and 3 sets of cards. From a fall of 22 feet 
and a dam about 100 feet long and 7 feet high, about 70 horsepower is realized for 
nine months in the year and about 50 during the remaining time, when the water 
power is supplemented by steam power. About one-half mile above the Elkin Man
ufacturing Company's mill is the Elkin Valley mill, which conststs of a grist and 
flour mill, a shoe factory, and a tannery, using in all about 65 horsepower during 
the greater part of the year. Water is ponded by means of a wood dam 13 feet high 
and 126 feet long, which gives a fall of 18 feet at the wheels. This site was until 
1894 occupied by the woolen mill of the Chatham Manufacturing Company. About 
3miles above the Elkin Valley mills is a site known as Carters Falls, which is an 
excellent small water power with an exceptionally large fall in a short distance. 

In 'Vilkes County t.he more important tributaries of the Yadkin-Roaring ~iver, 
Rock Creek, Mulberry River, Reddies River, Lewis Fork, Stony Fork, and Elk 
Creek-all rise on the slopes of the Blue Ridge Mountains and flow as raptd mo~ntain 
streams through forest-covered areas. They all afford numerous small powers, large 
enough and constant enough to run small factories, sawmills, gristmills, and flouring 
mills. In the case of the majority of these streams it is proba.ble that near their 
junction with the Yadkin they afford from 2 to 3 horsepower per foot of fall in dry 
seasons, and sites can be found that may be developed so as to have falls of 20 to 
30 feet. 

Rating tablejm· Yadkin River at Salisbury, Nm·th Carolina, for 1897. 

I 
Ga~ Ga~e Disch"'ge·l Ga~ 

I 
Gage ID~ heig t. Discharge. heig t. heig t. Discharge. I height. 

Feet. Second-feet. Feet •. Second-feet.\ Feet. s .. , .. ,,.,.j Feet. Second-feet. 

1.0 560 3.2 7,116 
I 

5.4 14,860 7.6 22,604 

1.2 900 3.4 7,820 I 5.6 15,564 7.8 23,308 

1.4 1,310 3.6 8,524 5.8 16,268 8.0 24,012 

1.6 1, 760 3.8 9,228 6.0 16,972 8.5 25,772 

1.8 2,300 4.0 9, 932 6.2 17,676 9.0 27,532 

2.0 2,920 4.2 10,636 6.4 18,380 9.5 29,292 

2.2 3,596 4.4 11,340 6.6 19,084 10.0 31,052 

2.4 4,300 4.6 12,044 6.8 19,788 

I 

10.5 32,812 

2.6 5,004 4.8 12, 748" 7.0 20,492 11.0 34,572 
!, 

36,332 2.8 5,708 5.0 13,452 I! 7.2 21,196 I 11.5 
I I 

3.0 6,412 5.2 14,156 :I 7.4 
I 

21,900 
\ 

I ! oi 
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Estimated 'monthly discharge of Yadkin River at Sali3bury, North Carolina. 

[Drainage area, 3,3911 square miles.) 

I 
Discharge in second-feet. 

Month. 
Maxi· Mini-
mum. mum. 

~-----
1897. 

January ........... 12,044 2,600· 
February .......... 34-,924 4,652 
March ............. 25,068 4,652 
April. .............. 31,756 3,948 
May ............... 14,156 3,250 
June .............. 19,788 2,300 
July .............. 11,692 2,600 
August ............ 5,708 1,760 
September ......... 3,250 900 
October .......... · .. 25,772 900 
November ........... 7,116 900 

cber .......... - 5, 708 2, 300 
The year.... . 34-, 924 900 

I 

10, UUU.t-+-tf-ttli-H ...... 

8, VVVt-f--!11--

4, 

2, 

Mean. 

---

4,039 
11,597 
10,522 
7,761 
5,776 
5,652 
4,821 
2,943 
1,785 
3,557 
2,708 
3,086 

5,354 

Total in acre-
feet. 

----

248,350 
644,065 
646,970 
461,810 
355,150 
336,320 
296,430 
180,960 
106,215 
218,600 
161,140 
189,750 

3,845,760 

Run-off. 

Second-
Depth in feet per 
inches. square 

mile. 

1.37 1.19 
3.45 3.4-1 
3.58 3.10 I 

2.54 2.28 
1.96 1. 70 
1.85 1. 66 
1.64 1.42 
1.00 0.87 
0.59 0.53 
1.21 1. 05 
0.89 0.80 

1.05 ~ ----
21.13 1. 58 

FIG. 47.-Discharge of Yadkin River at Salisbury, North Carolina, 1897. 

The following table gives the list .of discharge measurements made 
on Y ad kin River at Norwood, North Carolina. The principal facts are 
also shown in the accompanying figure (fig. 48), in which vertical dis
tances represent the height of water on the gage and horizontal distances 
the quantity of discharge. The plotted points obtained by measure
ment are shown by the small circles, which are numbered to correspond 
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with the .figures in the left-hand column of the table. Near, or through 
these, is drawn a smooth curve, from which the values for the rating 
table have been obtained. 

List of discharge measurements made on Yadkin River at Norwood, North Carolina. 

I No. Date. Hydrographer. Meter Ga~e Area of I Mean 
llisoh"'g<>·l number. heig t. section. ! velocity. 

J 
------

I 

1896. 
Square Feet per 

Feet. feet. second. Second-feet. 
1 Sept.1 .. E. W.Myers ••. 2154 1.00 1,859 0.82 1,537 
2 Sept. 15. ..... do ..••••.. 2154 1.34 2,211 0.92 2,036 

1897. 
3 Feb.10 .. ..... do •...•..• 2154 3.32 3,779 2.54 9,607 
4 Ma.r.21.T .... do ........ 2154 3.80 4,517 2.59 11,710 
5 Aug.4 ... , ..... do ........ 2154 1.65 2,544 1.33 3,392 
6 Oct. 6 .. _I_ ...• do .....••• 2154 1. 00 1,821 0.82 1,508 
7 Oct. 25 .. A. P. Davis .... 94 1.48 2,152 1.26 2,715 

I 1898. 
a8 Jan.16 .. . ~· .:':ioM_~~~~: :: I 2154 1. 63 2,474 1.22 3,041 

9 Mar.3L. 2154 5.75 6,465 3.84 24,825 

a Not plotted. 

3 

~ k-
t ~ 

-----
~ 
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/ 
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v~ 
// 
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r 

() 
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FIG. 48.-Rating curve for Norwood station, on Yadkin River, North Carolina. 
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Rating table for Yadkin Rive1· at Norwood, Nm·th Carolina, for 1897. 

Gaft.e Discharge. i Ga!he Di•cha<ge.l Gage Discharge. Gage 13 heig t. · heig t. hP.ight. height. 
I 

Feet. Second-feet. 1 Feet. Second-feet. I Feet. Second-feet. Feet. Second-feet. 

0.7 1, 250 2.6 6, 960 4.8 18,000 7.0 34;060 
0.8 1,310 2.8 7,720 5.0 19,460 7.2 35,520 
0.9 1,380 3.0 8,480 5.2 20,920 7.4 36,980 
1.0 1, 480 3.2 9,240 5.4 22,380 7.6 38,440 
1.2 1, 820 3.4 10,000 5.6 23,840 7.8 39,900 
1.4 2,400 3.6 10,860 5.8 25,300 8.0 41,360 
1.6 3,160. 3.8 11,800 6.0 26,760 8.2 42,820 
1.8 3, 920 4.0 12,800 6.2 28,220 8.4 44,280 
2.0 4,680 4.2 13,800 6.4 29,680 8.6 45,740 

l£ 5,440 4.4 15,100 6.6 31, 140 8.8 47,200 
6,200 4.6 16,040 6.8 32,600 9.0 48,660 4 

Estimated monthly dischm·ge of Yadkin River at Nm·wood, North Carolina. 

[Drainage area, 4,614 square miles.) 

I 
Discharge in second.feet. Run-off. 

Month. Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mnm. mum. Mean. inches. square 

mile. 

---
1897. . 

Jan nary ....•.. · .... 15,810 2,780 4,880 300,060 1. 22 1. 06 
February .......... 50,120 4,300 13,760 764, 190 3.10 2.98 
March ............. 33,330 5,440 13,017 800,385 3.25 2.82 
April ...•.......... 45,010 5,060 9,755 580,465 2.35 2.11 
May ............... 14,400 4,300 6, 388 392,785 1. 59 1. 38 
June ............... 14,400 3, 160 5,397 321, 145 1. 31 1.17 
July ...•••.. ~ ...... 15,810 2,400 5,495 337,875 1.37 1.19 
August •.•......... 6, 580 2, 400 3,712 228,240 0.93 0.81 
September ......... 2, 780 1, 310 1,774 105,560 0.43 0.38 
October ............ 11,800 1,480 2,999 184,400 0.75 0.65 
November: ..•...... 8,480 1, 820 2,973 176,910 0.71 0.64 

I 
December .......... 7,340 2,080 4,171 256,465 1.04 

3 ------
4,448,480 1 18.05 The year ..... 50,120 1, 310 6,193 1. 34 
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FIG. 49.-~ischarge of Y adkin River at Norwood, North Carolina, 1897. 

SANTEE RIVER. 

Santee Hiver is formed by the junction of Wateree and Congaree 
rivers in South Carolina. The former stream is known by the name of 
Catawba River through North Carolina, while the latter is formed at 
Columbia by the confluence of the Broad and Saluda rivers. The 
head waters are in the Blue Ridge in the western part of the State, 
adjoining the tributaries of the Yadkin on the northeast and of the 
Tennessee on the west. In the following pages are described the prin
cipal water powers along these streams and their tributaries. 

Gaging stations are being maintained on the Catawba at Catawba, 
North Oarolina, and at Rock Hill, South Carolina; on the Broad at 
Alston, South Carolina and at Gaffney, South Carolina; on the Saluda 
at Waterloo, South Carolina. They are described in Water-Supply 
and Irrigation PaperNo. 15, pp. 34-38. In the following pages appear 
rating tables and estimated monthly discharges for 1897 for these 
stations, with the exception of Alston and Waterloo, where there were 
not sufficient discharge measurements on which to base rating tables. 

CATAWBA RIVER. 

Catawba River, or Wateree, as it is known in its lower reaches, rises 
on the eastern slope of the Blue Ridge Mountains, in l\icDowell County, 
North Carolina, and joins with the Congaree a short distance below 
Columbia, at the most southerly point of Richland County, South Caro
lina. The stream is navigable for shallow boats as high as Camden. 
A short distance above this point begin a series of rapids and shoals 
which are found at intervals and characterize ·~be upper portion of the 
river. 
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The fall line on the river occurs about 5 miles above Camden, where 
there is a shoal which has an aggregate fall of 52 feet in a distance of 
a little less than 5 miles. At about the end of the first quarter of the 
present century the river at this point was made navigable by the 
State, the fall being overcome by a canal 5 miles in length with a 
series of locks. In the Tenth Census report on the water powers of 
the southern Atlantic watershed, Professor Swain describes this devel
opment as follows: 1 

The canal is on the west side of th~ river, which it leaves just below a rocky bluff, 
from which a dam extends out into the river. This old dam is entirely gone, and I 
could not ascertain what its height had been; but the fall for the next mile above 
is probably 10 or 12 feet, according to the pocket level, although the stream is not 
rocky except for a few hundred feet. The canal had a guard lock about a quarter 
of a mile from its head, and below that it passes through nearly level or gently 
rolling bottom lands, and is now entirely overgrown with underbrush and filled up 
with deposits of all kinds, so that in places the stream is scarcely discernible. It 
retreats some distance from the river, the bottom between them being on the average 
several hundred yards wide, and parts of it are subject to overflow in times of high 
water. Near the foot of the canal is a flight of three locks, and a little farther 
down the canal passes out into Sawneys Creek by an outlet lock. I was unable to 
find the sixth lock mentioned by Mills. The principal part of the fall in the river 
occurs near the lower end, or about two-thirds of the distance from the head, and 
is utilized for a small gristmill, with two pairs of stones, by means of a rough wing 
dam and a race a quarter of a mile long, affording a fall of 6 or 7 feet and a fall to 
the tailrace sufficient to avoid the trouble occasioned by ordinary rises of the water. 
In a distance of rather over a mile, from a little above the head of the race leading 
to the gristmill, the fall, as ascertained by the pocket level, is in the neighborhood 
of 20 feet. Above this the bottom bordering the river is subject to overflow to a. 
considerable extent, while below it is only occasionally flooded. Below the mill, 
too, the bottom becomes nanower, and is more undulating thau above. As regards 
the most advantageous method of utilizing the power my examination was too 
superficial to permit of any definite conclusion being reached. To clear the old 
canal out would require considerable work, although of an easy kind. The capacity 
of the canal, too, could be easily enlarged if it were considered desirable to utilize 
the entire power, which might be done by locating the mill at the lower flight of 
locks, where, if we accept Mills's statement, a fall of some 50 feet could be obtained; 
and the location here is probably as safe and as favora,ble as anywhere along the 
canal. 

The Great Falls of the Catawba, about 30 miles above the Wateree 
Canal, represent the most important water power on the river. There 
is here a fall of 173 feet in a distance of 8 miles, which would yield a 
total horsepower, according to Swain,2 of from 5,000 to 10,000 horse
power in low-water seasons. The State of South Carolina endeavored 
to render this part of the river navigable by the construction of canals 
and locks early in the present century. These development works are 
described by Swain as follows: 3 

The navigation works planned were very extensive. In ascending the river the 
course of the canal is as follows: Leaving the river about opposite Rocky Mount, on 

I Report on the water power of the Sonthern Atlantic watershed: Tenth Census, Vol. XVI, Part I, 
p. 751. 

2lb1d., p. 756. 3Ibid., p. 752. 
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the west side, it rises to the level of the bottom (which borders the river at this 
place) by a flight of two locks, aggregating about 18 feet lift, crosses the bottom, 
and after passing around a steep and rocky bluff, at which place it was necessary to 
build the outer wall of the canal of solid masonry for a distance of half a mile or 
thereabout, within which distance occurs one intermediate lock, with a lift of about 
9 feet, it debouches into Rocky Creek, a small stream which flows into the Catawba 
at a point in the neighborhood of a half or a quarter of a mile above its mouth, 
opening into it by a guard lock, with a lift of about 8 feet, situated at one end of a 
wooden dam, which extended across the creek, backing up the water, with a navi
gable depth, to a distance of about a mile. The first canal is about a mile in length, 
and has a total rise, according to what has been said, of about 35 feet from low 
'Yater in the Catawba at the outlet lock to the crest of the dam across Rocky Creek. 
Between the canal and the river is a bottom, in which the lower part of the canal 
itself lies, and which is subject to overfiowin times of freshet. It was probably on 
this account that the canal was carried so closely around the bluff. In fact, this 
part of the river, just below the principal fall, is subject to large rises, much larger 
than within the next few miles above, where the declivity is great, and down which 
the water rushes so rapidly that the smaller declivity below is insufficient to carry it 
off without aconsiderablerise. This part of the canal, as well as that above, is so over
grown with brush and by trees of half a century's growth that its original dimen
sions can not be accurately determined. The lock chambers are about 70 feet by 10 
feet, and the canal was perhaps 20 or 25 feet wide at the top and 3 or 4 feet deep. 
The dam across Rocky Creek was probably about 12 or 13 feet high, and its pool, as 
before mentioned, was navigable for about a mile, at which point the second portion 
of the canal commenced, leaving the river by a flight of four locks, with together 32 
feet lift, by which it rises to the level of a narrow valley running about parallel 
with the Catawba, but separated from it by a ridge. Along the side of this valley, 
out of sight of the Catawba, although the 1atter is only a quarter of a mile distant, 
and with a ridge nearly a hundred feet high between them, passes the canal for a 
distance of a.bout 2 miles, at the end of which the valley that it has been following 
opens out into the river, but at an elevation above it of 20 or 30 feet, having gradu
ally become narrower as the river was approached, and at its upper end being very 
little more than wide enough to carry the canal without cutting into the hillsides. 
·within this 2 miles, from the point where it leaves Rocky Creek till it again reaches 
the river, the canal has, in addition to the four locks already mentioned, two flights 
of locks, one with four locks, aggregating 36 feet lift, and another with three locks, 
and in all 27 feet lift, as far as could be ascertained. Both of these flights of locks 
are situated in the lower part of the valley followed by the canal, and at points 
where it is several hundred yards wide. 

The ridge between the river and the canal is interrupted at a point about a quar
ter of a mile below where the canal again comes in sight of the river by a narrow 
ravine, which retreats down to the river, and is not over 100 feet wide. From the 
point where the canal reaches the bank of the river it proceeds about a mile farther, 
first skirting the face of a steep and rocky bluff, and then across a bottom, and after 
rising about 9 feet, by a lock situated in the latter, it opens into the river by a 
guard lock and a dam, which seems to have extended across to an island, backing up 
the water between it and the right bank of the river, as well as some distance up 
Fishing Creek, which enters a short distance above, and enabling boats to pass out 
into the river, up between the island and the shore, and up Fishing Creek, just as 
they did below up Rocky Creek. The third portion of the canal, which I did not 
have an opportunity to examine, leaves }'ishing Creek at a point a mile or so from 
its mouth (according to the map), and after a length of a mile or a mile and a half, 
in which distance, according to l\lil1s, the fall is 56 feet, opens into the river again, 
which is navigable from this point to Landsford, a distance of 12 miles or thereabout. 
As regards the river itself, its fall in a distance of a mile and a half or thereabout, 
down to the point where the second portion of the canal passes in behind the ridge, 
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as ascertained by the pocket level, is about 35 or 40 feet. At this point there was 
formerly a small mill. Below this the river is narrower, and the water rushes with 
great velocity between steep, rocky, and almost vertical banks, falling about 25 feet 
in less than a quarter of a mile, down to the mouth of the ravine already referred to 
as running up to the canal, making a total fall to this place from a point not far from 
the head of the second portion of the canal of, say, 60 feet in a distance of about 
one and a half miles. Just below the ravine was located a cotton factory, using a 
fall of some 5 to 7 feet, with a wing dam, and built almost over the water. The 
banks in this portion of the river are so steep .and rocky as to preclude the construc
tion of a canal or of extensive buildings, at least on the west side of the river. The 
cotton factory was a small building, not more than 50 by 25 feet. From the mouth 
of the ravine the river falls about 30 feet in the next quarter of a mile, making nearly 
100 feet in about 2 miles. These are the Great Falls of the Catawba. The total fall is 
stated to be 173 feet in 8 miles.• The largest fall in a short distance occurs between 
the old mill site and the ravine, the river at this point being not over 150 feet wide, 
while its average width for half a mile is not over 200 feet, perha,ps, and at the nar
rowest part it rushes with tremendous force over its rocky bed-a sheet of foam, 
falling some 10 or 15 feet in 150 or 200 feet. 

The enormous power at this place is entirely unutilized at present, but a consider
able portion of it could be rendered available without much difficulty, I think, in 
various ways. I have already mentioned the fact that except for small falls and 
small buildings there is no opportunity for the utilization of power along that part 
of the river opposite the second portion of the canal. A building might be erected 
on the site of the old factory and a fall of 10 feet obtained with ease, but [there is] 
only room for a small builoing. It may be mentioned that the dwellings of the fac
tory operatives were on the top of the ridge between the river and the canal. But 
any scheme for the extensive utilization of the power must., I think, include the use 
of the old canal, and in this respect various methods may be employed, as follows: 

1st. By rebuilding the dam at the head of the second portion of the canal, raising 
that portion of the canal below the first lock and locating the mills in or near the 
ravine already described, discharging the water through the same into the river, a 
fall of at least 50 feet could be obtained, necessitating, however, considerable work 
in cutting out the ravine for a tailrace, and with poor building facilities. The 
quantity of water will vary, of course, according to the dimensions gi ''en to the 
canal. If the canal is not raised to the level of the former dam, or nearly so, but 
is left at the ravine, as it was originally, the fall available will be at least 30 or 35 
feet. 

2d. At any or all of the three flights of locks mentioned above Rocky Creek the 
facilities for utilizing a large power are very good, there being ample building room, 
and the water being discharged into Rocky Creek. This is, in my opinion, the best 
way of utilizing the power. The available fall of all three flights is 95 feet, and the 
fall of Rocky Creek would doubtless prevent any danger whatever from freshets or 
any trouble from backwater; of course there would be lio trouble with ice. If the 
level of the canal were raised, so that it ran (nearly) level from its head to these 
flights of locks, the available fall would be increased to about 110 feet. 

3d. As regards the power on the first (lowest) portion of the canal, below Rocky 
Creek, the total amount of water brought through the second portion, together with 
the entire flow of Rocky Creek, could be turned into the canal, provided it were of 
sufficient capacity and utilized lower on the strea,m. By raising that portion of the 
canal below the first lock, an available fall of about 30 or 35 feet could be secured at 
the lower end; hut as this whole bottom, through which the canal passes, is subject 
to overflow, the facilities for building are not so good as in the last case. Still, there 
is no reason why this fall could not be utilized, if desired~ This site would suffer 
also more trouble with backwater than the last one described, which would be, in 

I Mills's Statistics of South Carolina. 
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fact, almost absolutely free from it. Summing up the lifts of all the locks in the 
first and second :portions of the canal, we see that the total fall is 130 feet and over, 
as follows: 

Feet. 
One guard lock at upper end of second portion, lift, say ...•••................ 
One lock half a mile below, lift, say ..... __ ........................... _ . . . . . . 9 
Flight of 3 locks, 9 feet each, behind ridge, lift, say ..... _ . ____ .. __ . __ ..... _.. 27 
},light of 4 locks, 9 feet each, behind ridge, lift, say .. __ .. __ .. ___ .. ____ ... _. _. 36 
Flight of 4 locks, 8 feet each, behind ridge, lift, say_ .... _ •... _ ..... ___ ... __ .. 32 
Guard lock at head of first portion (lowest), lift, say ...... _. __ . _ ... _ ... _. _ .. 
Lock, half a mile below, close to bluff, lift, say .... ___ ..... _ .... _ .. ___ .. __ ... 9 
Two locks, outlet to river, 9 feet each, lift, say...... . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Total ............................................ _ .................... 131+ 

The following facts are from a report prepared by Prof. J. A. Holmes: 
Landford Shoal, 12 or 15 miles above Great Falls, is the next unutil

ized power of importance. There is said to be here a fall of 40 feet in 
a distance of 2 miles. At this point there was built by the State of 
South Carolina a canal nearly 2 miles long, with one guard lock and 
four lift locks with a total lift of about 35 feet. With a good dam at 
the head of the canal it is estimated that a fall of 40 feet could be 
obtained. Between Landford and theN orth Carolina line, a distance of 
from 25 to 30 miles, there are no shoals or developments of importance. 

Near the State line there are several shoals with falls of from 3 to 5 
feet, some of which have been used to a limited extent, but there is so 
often trouble from high water that these sites are unsuitable for fac
tories. At Ross Falls, located a short distance above the State line, 
there is said to be a fall of 8.1 feet in a distance of 0.9 mile. At Rock 
Island Shoal is now located, on the Mecklenburg side of the river, a 
grist and saw mill. There is a wing dam about 350 feet long and 5 feet 
high, which gives a fall at the mill of about 9 feet, and the power used 
is about 60 horsepower. The Rock Island Woolen l\Hll was formerly 
located here. 

The Tuckaseegee Shoal, about 9 miles above the State line and 1 mile 
below the Carolina Central Railroad crossing, is a water power of con
siderable importance, which has been more largely developed than the 
powers below. The natural fall here is said to be 11.22 feet in a dis
tance of 1.02 miles. The Tuckaseegee Manufacturing Company's cot
ton mill, located on the Gaston or west side of tLe shoal, contains 55 
cards and G,OOO spindles, and used water power aggregating 150 horse
power. There is a wooden wing dam about 200 feet long, giving a fall 
of 11 feet at the ·mill. There is never any trouble from lack of water, 
but high water interferes with the running of the mill on an average 
of six days in the year. 

The fourth large power on the Catawba is at :\Iountain Island Shoal, 
about 3 miles above the railroad and above the mouth of Dutchmans 
Creek. The fall in the river between a point 1 mile above the factory, 
or a little above the head of the shoal, and the railroad bridge below 
is 38 feet, but of this fall nearly 30 feet oecurs in the course of 1 mile 
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near· the factory. The bed of the river is rock, the banks on the east 
side are very steep, while those ou the west are shelving and very 
favorable for building, as they are free from danger at high water. 
The power is utilized to a small extent by the cotton factory of the 
Catawba Electric Power Company, which contains 6,300 spindles, 100 
lomlls, and 48 cards. .At the head of the shoal there are three small 
islands near the right bank, with a distance of only a few feet between 
them and the shore, forming a natural canal. The water of the canal· 
is all that is used by the factory, as there is no milldam at the head of 
the islands except a wing dam of wood, 300 feet tong and 4 feet high, 
which turns the water into this "race." There are also three slough 
dams, connecting the islands with each other and the lowest with the 
shore, the first two of which are of rough stone and the t.hird of crib 
work~ about 40 feet long and 8 feet high: From the foot of the lowest 
island an artificial race leads to the factory. This race is 600 feet long, 
and the fall of water at the factory is 22 feet, from which about 190 
horsepower is obtained. In addition to the above there is a sawmill, 
a gristmill, and a cotton gin, using together some 50 or 60 horsepower 
with a fall of 15 to 16 feet. The total distance between the factory and 
the head of the small islands referred to is about three-fourths of a 
mile, and the fall down to the factory is. in the neighborhood of 26 feet. 
The whole of this pqwer is easily available on the west bank, with 
good facilities for buildings and canals. 

Of the shoals above. Mountain Island but few have been utilized, and 
these to a smaJl extent. 

The first important shoal above Mountain Island is the Cowan :Ford 
Shoal, where the fall is 27.25 feet in a distance of 4.17 miles. This 
place is 24 miles above the State line. 

Beatties Ford Shoal is about 6 miles farther up the river and about 
34 miles above the State line. The power is reported to be a good one. 
It has a fall of 13 feet in 2.38 miles, and 8 feet of this fall is said to 
occur in 1,000 feet, where the stream has a width of about 100 yards 
and a rock bottom suitable for the foundation of a dam. 

Fifty miles above the State line, 2 miles above Sherrills Ford, and 2 
miles below the Buffalo Shoal is the first of the shoals above M:ountain 
Island which is now utilized to any extent. The cotton mill of the 
Monbo :Manufacturing Company, which operates 7 cards, 43looms, and 
1,600 spindles, is located on the west bank of the river, which is at 
th.is point about one-fourth of a mile wide and divided by islands. From 
the Monbo mill a dam 225 feet long and 4 feet high extends across a 
division of the river to Goat Island, and thence a wing dam 2 feet high 
extends up the river 800 feet to the lower end of Long Island. This 
wing dam and island divide the river into two parts; the western por
tion furnishes power for the Monbo mill, the eastern remains as yet 
undeveloped. .At the Monbo mill there is 6 feet of fall, affordi~g about 
60 horsepower; only a small part of the power available is now used. 

19 GEOL, PT 4--14 . 
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The Long Island Cotton Mill is located about 1 mile above the Monbo 
mill, on the west bank of the river. It derives its power from a shoal 
in that part of the river between Long Island and the west bank. The 
mill contains 10 sets of cards and 3,000 spindles, using about 60 horse
power, a small part of the power available. The dam is about 300 feet 
long, extending from the west bank to Long Island, and is from 3 to 6 
feet high, giving a fall of water at the mill of 6.5 feet. Buffalo Shoal, 
about 2 miles above the Long Island Shoal and about 53 miles above 
the State line, has a fall of about 11.4 feet in a little more than half a 
mile. About 7 miles above Buffalo Shoal and a less distance above 
the railroad there is a shoal with a fall of 9.7 feet in a distance of 2.18 
miles, and 2 miles higher up the river is another shoal with a fall of 
8.5 feet in a distance of 1.32 miles. 

Sixty-five miles above the State line is Lookout Shoal, which has the 
largest fall of all the shoals on the river in North Carolina, the fall being 
54.25 feet in a distance of 3.2 miles. About 30 feet of this fall is said to 
occur in three-fourths of a mile, at a place where the river has a width of 
about 900 feet. The bed is of rock, and it is said that an abundance of 
stone for building, and good factory sites, are to be found on both sides 
of the river. This power is only 6 miles from the Western North Car
olina Railroad at Catawba station .. About _1! miles above the head of 
Lookout Shoal, and 65 miles above the State line, between the upper 
end of Druin Island and the lower end of Three Cornered Island, is a 
shoal with a fall of 9.7 feet in a distance of 1.16 miles. Between the 
upper end of this shoal and the mouth of Lower Little River are small 
shoals having a fall of 3.36 feet in a distance of nearly 1 mile. Canoe 
Landing Shoal, about 2 miles above the mouth of Lower Little River 
and 73 miles above the State line, has a fall of 8.94 feet in a distance 
of l.H7 miles. Great Falls Shoal, immediately above the Canoe Land
ing Shoal and 75 miles above the State line, possesses a fall of 14.83 feet 
in a distance of 1.02 miles. These two shoals have a total fall of 23.76 
feet in a distance of 2.89 miles. It may be possible to develop the two 
together into one fine power, but the cost and practicability of this can 
only be determined by careful survey. 

Horse Ford Shoal, 10 miles above Great Falls, 3 miles north of Hick
ory, and 85 miles above the State line, has a fall of 31.4 feet in a dis
tance of 2.9 miles. The power is being utilized to a limited extent only. 
On the upper part of the shoal a fall of 6 feet is being used to rnn the 
Catawba Lumber Mills; and on the mid1lle portion of the shoal are 
located the Horse Ford sawmill and gristmill, the latter with three run 
of stones, using from 25 to 30 horsepower. This is undoubtedly one of 
the larg·est and most accessible water powers of the upper Catawba 
river. Devils Shoal, the lower end of which is 6 miles above the 
Horse Ford Shoal and 9Lmiles above the State line, bas a fall of 13.78 
feet in a distance of 1.01 miles, and is said to be a fine location. Rocky 
Ford Shoal at ::\Iorganton, about 20 mi1es above De·dls Shoal anrl 102 
miles above the State line., has a natural fall of 9.5 feet in a distance of 
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1,500 feet. This power was formerly used by a gristmill, and there was 
a dam 2 feet high and 400 feet long, giving a fall of 11.5 feet at t.he 
mill. The wheel gave some 60 to 70 horsepower with water wasting all 
the time. The mill is not now in use. 

The first of the tributaries of thi~ river 1 that has much developed power is the 
South Fork, which joins the main river just at the State line. Stowesville Cotton 
Mill, 3 miles from Belmont station on tl1e Southern Railway, is utilizing the first 
important shoal on the river. The mill contains 24 looms, 2,250 spindles, and 16 
cards, operated by water power alone. The dam is 5 feet high and 200 feet long, 
ln1ilt of woocl and stone, giving with a race of from 500 to 600 feet lo,ng a head of 16 
feet on the wheel, furnishing perhaps some 50 horsepower. Spring Shoal, the next 
power on the river, is the site of the McAden Mills, located 6 miles above the Stowes
ville Mill, and just beyond the mouth of Dnharts Creek, and 1t mi1es from Lowell 
station on the Southern Railway. The mill contains 320 looms and 15,000 spindles. 
The clam is 5 feet high and 500 feet long and the fall at the mill is 23t feet, where it 
is claiwed 700 horsepower can be developed. The fall of the shoal is 24 feet, and it is 
said that in half a mile a fall of 30 feet can be secured over a bed of solid rock. 

The name of Massey Shoal has been applied primarily to the lowest of three shoals so 
close together that they can be developed as one power. The upper shoal was formerly 
occupied by the mill of the ·woodlawn Manufacturing Company and the middle 
shoal by t.he mill of the Lawrence Manufacturing Company. The three shoals have 
a combined fall of 25.9 feet in a distance of about 1 mile. Spencer Mountain Mill, 3 
miles above the Massey Shoal and 12 or 13 miles above the mouth of the river, con
tains 6,000 spindles and 30 cards, and uses about 100 horsepower. The wooden frame 
dam, 600 feet long and from 2 to 7 feet high, gives a fall of 13 feet at the wheel, 
through a race 190 feet long. The fall here might be increased, as the available fall, 
it is stated, is about 18 feet. 

The Friday Shoal is a rock shoal said to have about 10 feet fall and to be a good 
·power. This is the site of the cotton mill of the Harden Manufacturing Company, 
which contains 2 .• 080 spindles. The dam is 6 feet high and 200 feet long, giving a 
fall at the mill of 16 feet, where it is said that from 80 to 85 horsepower is available 
at all times. 

High Shoal, the next power, is one of the best on the stream. It is situated 
between the mouths of Kettle Shoal Creek and Hynes Creek, 7 miles from Lincolnton 
and 1 mile from the Carolina and Northwestern Railroad, which crosses the river ju~t 
below the shoal~ The stream flows over a ledge of solid gneiss rock, the fall being 
about 22 feet in 300, but the fall continues below for some distance, amounting to 
27 feet in 600 and probably 35 feet in one~fourth of a mile or more. The banks a1·e 
abrupt on both sides, but there is still an abundance of room for buildings, while 
the best location is on the left bank. The whole flow of the stream can easily be 
controlled, as the facilities in all respects are excellent. The width of the stream 
is 300 feet above the fall and .probably more below, as the channel is cut up by 
rocks and islands. This power was used twenty~five or thirty years ago to drive a. 
rolling mill, a nail factory, and other iron wo1·ks, together with a grist and saw 
mill, situated on the left bank and using about 180 horsepower. 

The Long Shoals Cotton Mill is situated on a shoal of the same name, just below 
the month of Indian Creek and 4 miles below Lincolnton. The mill contains 5,200 
spindles, and is run by water power alone. The dam is of wood and stone, 13 feet 
high and 300 feAt long. The race is 300 feet long and the fall of the water at the 
mill is 13 feet. It is expected to develop 300 horsepower here during ordinary 
seasons. 

The Lincoln Cotto:1 Mill is located 2 miles above the Long Shoals mill, on the site 
of the old paper mill formerly owned by ,V, & R. Tiddy, of Charlotte. The clam is 
of wood, giving a fall o~ 13 feet at the wheel. The mill contains 5,000 spindles. 

1 Data compiled from a report prepared by Prof . .r. A. Holmes, State geologist of North Carolina. 
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The Laboratory Cotton Mill is located on the river one-half mile above the paper 
mill, above the mouth of Indian Creek and below that of Sand Branch. The mill 
contains 6,500 spindles. The dam is of logs, 6 feet high and 500 feet long, giving a 
fall of 9 feet at the mill and developing, it is claimed, about 250 horsepower. 

Rating table for Catawba River at Catawba, North Caroli: x, for 1897. 

Gage I Discharge. j Gage Discharge. 
1 

Gago In· I Ga•o I =l height. 

I S.oond-j"t.l 

height. , height. Iscbarge.

1 

height. Discharge. 

--- ~---

/ Second-feet. Feet. Feet. Second:feet. I Feet. Second :feet.! Feet. 
I 

I 
1.5 750 • 3.8 4,535 I 6.6 12,795 10.0 22,825 
1.6 850 I 4.0 5,125 6.8 13,385 I 

10.5 24,300 
I 1.7 950 4.2 5,715 7."0 13,975 11.0 25,775 

1.8 I 1,050 4.4 6,305 7.2 14,565 11.5 27,250 
1.9 1,160 4.6 6,895 

I 
7.4 15, 155 12.0 28,725 

2.0 1,270 4.8 7,485 7.6 15,745 12.5 i 30,200 I 

2.2 1,490 5.0 8,075. I 7.8 16,335 13.0 I 31,675 
2.4 1,730 5.2 8,665 I 8.0 16,925 13.5 I 33,150 
2.6 1,9SO 5.4 9,255 8.~ 17,515 14.0 ! 34,625 

I 

2.8 2,250 5.6 9,845 8.4 18,105 14.5 36,100 
3.0 

I 
2,560 5.8 10,435 8.6 18,695 15.0 I 37,575 

i 
I 
I 

3.2 2,980 6.0 11,025 8.8 19,285 15.5 I 39,050 I 

~ 
3,450 6.2 11,615 9.0 19,875 16.0 

I 
40,525 

3,960 6.4. 12,205 9.5 21,350 6 
I 

Estimated monthly discharge of Catawba Ricer at Catawba, Nm·th Ca1·olina. 

[Drainage area, 1,535 square miles.] 

Discharge in second-feet. 
----, 

Run-off. ~-.Month. --,.---1 
I Total in acre· Second· [ 

Maxi· Mini. I feet. Depth, in feet per 
1nnm. -mum. Mean. '-----I inches. square 

,- mile. 

----1 II I ------

1897 . 
.January .... __ ..... 6, 452 1, 050 \ 1, 647 I 

1 February ..... ___ .. 40,230 1, 550 ( 7, 006 I 
March ....... ------ 17,663 1,550 \ 5,637\ 
April ...... ______ ~. 40, 525 2, 180 ' 5, 0141 
)fay ___ .. ____ ... _.. 11, 025 1, 435 2, 600 

.June .. -------------~ 3,450 I 1,270 1,8331' 

.TulY-·-------------, 3,210: 1,270 1,77± 

.August ... __ .... _ _ __ 2, 560 950 i 1, 321 I 
September .. __ .. _ _ _ 1, 380 900 1, 017 

1 

October ... ___ .. ____ 16, 925 850 ; 1, 787 ! 

November ...... __ ._ 2, 560 950 I 1, 233 
December . _ .. _ .. __ . 1, 850 j 1, 105 f 1, 328 : 

The yeat· .. _ .. -40, 525 ---s50j--;,6s3. 

101.270 I 
389,095 
346,605 
298,355 
159,870 
109,070 
109,080 
81,225 
60,515 

109,880 
73, 3i0 
81, 6;)6 i 

1,919,991 

1.23 1. 07 
4.79 4.60 
4.24 3.67 
3.64 3.26 
1.95 1. 69 
1.33 1.19 
1.34 1.16 

0. 99 I 0.86 
0. 73 I 0.66 
1.35 1. 17 
0.89 0.80 
0.99 0.86 

---------
23.±7 1. 75 
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FIG. 50.-Discharge of Catawba River at Catawba, North Carolina, 1897. 

Rating table jo1' Catawba River at Rockhill, So nth Carolintt, jo1· 1897. 

~ I n;,cba,gc. ! 

Gage height. 
I D"cha,gc ~ 

Gage height. I [ 

. ?au.l to Feb. 6.
1 

Feb. 7 to Dec. 31. 
1 

IJan.l to Feb. 6.1Feb. 7 to Dec. 31. 

Feet. Second-feet. Second-feet. Feet. I Second-feet. I Second-feet. 

1.0 1, 600 i 5.0 ~ - ... - - - - -- ..... 

·I 
. ----. ----- ·r 9,800 

1.2 ........... -.......... - .... 1,700 5.5 ............. ------ 11,300 
I 

13,000 1.4 1, 250 1, 900 6.0 . ---------· 
1.6 1,450 2,200 6.5 ....... -.......... -..... 14, 750 
1.8 1, 700 2,500 7.0 .............................. 16,550 
2.0 2,000 2,800 7.5 ...... -....... -.. - ... - 18,500 
2.2 2,350 3,100 8.0 ......... -··-- ---- 20,500 
2.4 2,700 3,450 9.0 ..... -.. -......... -.... 25,500 
2.6 3, 100 3,800 10.0 ..... -- ....... -- ... - 31,000 
2.8 3,500 4,200 11.0 . -- ................ -- .. 38,000 
3.0 3,900 4,600 12.0 -... -- ...... - ... -... - 45,300 
3.5 5,050 5,750 13.0 ....... - .. - .. --- ..... 52,700 
4.0 6,400 7,000 14.0 -----· ------ 60, 100 
4.5 8,050 8,375 15.0 ..... --- ...... -- ..... 67,500 
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EBtimated nwnthly disclla1·ge of Catawba River at Rockhill, South Carolina. 

[Drainage area, 2,987 square miles.] 

:M:onth. 

Discharge in secoD(l-feet. RUD·Og. 
I -------

I
I Total in acre- Second 

feet. 

1---------1 :-~~:: I !~~,~- 1-M-e-an_._l------1 ~~~~~~in ~!~~:,' 
1897. I I 

January ____________ i 5, 550 1, 575 2, 097 128,940 
:February _________ . 65, 650 1, 775 9, 277 
March _ _ _ _ _ _ _ _ _ _ _ _ _ 19, 300 3, 275 7, 537 
April _ _ _ _ _ _ _ _ _ _ _ _ _ _ 54, 920 3, 100 7, 055 

May ----···---- ........... 

June .. ___ . - ... __ .-. 

July ..... ·-···---·· 
August .. _. ___ ...... 

Septem l>er . --- -·--
October··---··--·-· 
November_ .... ____ . 

I December ______ - ___ 

The year_-·--

Sec.-ft. 

8,100 
7,825 

10,550 

8, 9251 
2,200 

I 
9, 200! 
4,ooo I 
3,100 
---
65,650 

2, 650 
2, 200 
2,050 
1, 975 
1, 700 
1, 700 
1, 900 
2,125 

---
1, 575 

3,571 
3,128 
2,900 
2,587 
1, 817 
2, 311 
2,186 
2,523 

3,916 

515,220 
463,430 
419,800 
219,575 
186,130 
178,315 
159,070 
108,120 
142, 100 
130,075 
155,135 

2, 806,120 

0.81 0.70 
3.24 3.11 
2.91 2.52 
2.63 2.36 
1. 38 1. 20 
1.17 1. 05 
1.12 0.97 
1. 00 0.87 
0.68 0.61 
0.89 0.77 
0.81 0.73 
0.97 

17.61 ~ 1-

1 

24, 000 1-t-+-ii''lt--t-t-l-+-t-~'+--l-I----+-+-++--.J--f-+-+-+-+---+-l--f-t--+-+---f--l-+-f--t-+--f 

20, 000 1-t-+-+--t+-+-l----+-+-+l+-+--+-!l--+-+-+-+--~-+-+--+--+-+-!-+-+-+-+-t--!--+-+-+--+-4 

18, 000 t-t-+-+ti--t+t-t-l-+-t--tt-+--t-t-t-t-t--t-t-t-+-+--t-+--t-1-t-t--+--t--f--li-t-+-t-+-f 

16, 000 t-t-+-+ti--t+t-t-l~-+fi--t--l-+-1--+-++--.J--f-+-+-+-+--+-l--f--+-+-+--+-!-+-+-+-~ 

14. 000 1-t-+--+.-+--++~rt+-+ti--t-+-+-+--+-++--.J--f-+-+-+-+---+-l--f--+-+-+--t-1-+-++-~ 

12, 000 1-t-+--+.-+--++t-lll:l+-t-.r-+--+--+-+--+-++--.J--f-+-+-+-+---+-l--f--+-+-+--t-1-+-+-+-~ 

10, 0001-f-+-+ ..... -H+-

FIG. 51.-Discharge of Catawba River at Rockhill, South Carolina, 1897, 
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BROAD RIVER. 

This stream takes its rise on the eastern slope of the Blue Ridge 
:Q.ear Hickorynut Gap, and, flowing in a general southeasterly direc
tion, unites with Saluda River just above Columbia to form the Conga
ree. The length from source to mouth, measured in a straight line, is 
about 128 miles, but following the course of the stream it is much 
greater. The drainage area comprises about 4,950 square miles, of 
which 3,500 are in South Uarolina and 1,400 in North Carolina, its gen
eral character resembling that of the Catawba. Broad River receives 
a number of important tributaries, but there are no towns of impor
tance along it. 

The following statements are from a report by Prof. J. ~I\. Holmes: 
At Columbia is a shoal3 miles long, extending 2 miles above Colum

bia and 1mile below, with a fall of 41 feet where the river crosses the 
fall line. The Columbia Canal as it was first constructed was 5 miles 
in length, 16 feet in width at bottom and 28 feet at surface of water, and 
3 feet in depth. The present canal has for its minimum dimensions for a 
distance.of 3~ miles from the bulkhead (see Pl. XXIX, B), 110 feet wide 
at the bottom, 150 feet at the normal surface of the water, and 10 feet 
deep, giving a waterway of 1,300 square feet; thence in about one-fo_urth 
of a mile these dimensi9ns are reduced to 80 feet wide at the bottom and 
120 feet at top, and 10 feet deep. The bottom grade is 1 foot per mile, 
which gives a flow of about 4,830 cubic feet per second, when the water 
surface in the canal is parallel to the bottom. The capacity of the canal, 
if used under an average head and fall of 31 feet, is 12,590 horsepower, 
assuming that wheels are used developing 74 per cent of the theoretical 
power, which is estimated at 16,988 horsepower. The total cost of the 
canal has been $912,000. 

The dam (see Pl. XXVIII) is 1,000 feet long on the crest and crosses 
the river in a broken line, slightly V-shaped, apex upstream, built of 
crib work filled with hand-placed stone. The abutment on the west 
side of the river is formed by a ledge of granite in place; that on the 
east side of granite masonry laid in hydraulic-cement mortar. The 
bulkhead, through which water is admitted into the race, is composed 
of abutmen~s, piers, arches, and parapet wall of granite masonry laid in 
hydraulic-cement mortar. The gates are 24 in number, and the clear 
opening in the bulkhead is 1,344 square fe.et, which, wtth the area of 
the lock opening that may be used for passing water into the race, 
gives an aggregate area of 1,406 square feet. The power generated is 
developed in four power houses: The pumping station of the city water
works, which develops 500 horsepower; the Columbia Electric Street 
Railway, Light, and Power Company, which develops 500 horsepower; 
the Columbia Mills Company, which develops 3,000 horsepower, trans
mitted electrically to their mill, containing 30,000 spindles, located 
across the canal and about 800 feet distant. from the power house; the 
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Columbia Water Power Company, which has recently completed the · 
installation of a plant of 3,000 horsepower capacity, which may be 
increa·sed to 10,000 horsepower. The plant consists of three turbines 
of 1,250 horsepower each, three 750 K. W. generators-3-phase alter
nators of 3,450 volts each-with their exciters, water governors, 
switch boards, etc. The Granby mills, located 1~ miles distant, con
taining 30,000 spindles, 1,400 looms, and using 1,500 horsepower, is the 
largest customer. The remainder of the power is either used by other 
establishments or is for sale. • 

The power plant of the Columbia Mills Company consists of two 
turbines directly connected to two 500 K. W. 3-phase generators, two 
10-borsepower direct-current generators to excite the fields of the 
large generators, an electric water governor, and a switch board. The 
current is carried to the mills through cables placed underground and 
is distributed there to the motors, which are of 45 horsepower each, mak
ing 540 revolutions per minute, starting at full load, and not stopping 
if they are overloaded up to 125 horsepower. In the accompanying 
view (Pl. XXIX, A), the power house of the Columbia Mills Company is 
seen on the left, the cotton mill being in the background. The power 
house of the Columbia Water Power Company is seen on the right. 

Ninety-nine Island Shoal is 11.5 miles above Columbia, its fall being 
17.26 feet in a distance of 2.75 miles. The banks are favorable for 
building, and the power is no doubt easily availahle. The river is very 
wide; in some places over half a mile. Boney Shoal, 17.75 miles above 
Columbia, is 1 mile long and has a fall of 6 feet. Summers Shoal, 
beginning 26.25 miles above Columbia and extending 1 mile, bas a fall 
of 11.61 feet. This is said to be a fine site for power. It is 13 miles 
below the mouth of the Enoree River. Lyles Shoal, 41 miles above 
Columbia, has a fall of 11.36 feet in 3,930 feet. It is situated 3 miles 
below the mouth of the Tiger Uiver and 1 mile above the mouth of the 
Euoree. Neals Shoal, 58.5 miles above Columbia, bas a fall of9.75 feet 
in 3,300, and the river here is from 250 to 350 yards in width. The next 
shoal, the first of great importance as a water power, an~ perhaps the 
best site on the river, is Lockharts Shoal, situated less than 2 miles 
above the mouth of Turkey Creek. This shoal is preceded by a short 
shoal called Gravel Shoal, which has a fall of 6.11 feet in 2,673. 
Just above this is Lockharts Shoal proper. The lower shoal is 2,955 
feet long and has a fall of 15.80 feet, and the upper shoal is 3,000 feet 
long and has a fall of 31.86 feet, so that the total length of the shoal is 
1.41 miles and the total fall 47.66 feet. The width of the stream above 
the shoal is 200 yards and the depth of the water is from 25 to 30 feet. 

Above this shoal there is no power of importance for nearly 25 miles, 
the next being a long shoal (6.25 miles), generally subdivided into two, 
the Ninety-nine Island Shoal, 3.2 miles long with a fall of 50.63 feet, 
and Cherokee Shoal, 2 miles long with a fall of 50.95 feet. The bead of 
the latter is about 3 miles below the crossing of the Southern Railway. 
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This is the site of the Cherokee Mills, which contain 6,556 spindles and 
392looms, operated by water power alone. 

Surratts Shoal, 108 miles above Columbia, is the first shoal above the 
Southern Railway. It is 1.75 miles long, consists of a continuous series 
of ledges, and the fall has been stated to be not less than 20 feet to 
the mile. Gastons Shoal is 2.'25 miles above, and is 1 mile long, with 
a fall of about 10 feet. The Hopper and Blanton shoals are the first 
shoals in North Carolina. They are located about one-fourth of a mile 
above the mouth of First Broad River. At this place is the beginning 
of a horseshoe bend, convex eastward, about 2 miles round, while the 
distance across the neck is only about 200 yards. This neck is low, 
rising only about 50 feet above the river at the highest J?Oint, and the 
fall has been roughly measured across it by means of a pocket level and 
found to be between 25 and 30 feet. On the lower side of this neck 
there is a short shoal in the river known as the Hopper Shoal; on its 
upper side there is a similar one known as the Blanton Shoal. 

Palmers Shoal, 116.5 miles above Columbia, 1 mile above the mouth 
of First Broad River and about 7 miles below the mouth of the Second 
Broad, is said to be the best site above Cherokee Shoal, its entire fall, 
18 feet in 0.5 mile, being available for power. Durham Shoal is located 
1 mile above Palmers Shoal and 6 miles below the mouth of the Second 
Broad. The shoal is formed by a ledge of granite extending directly 
across the river, about 100 yards wide, affording an excellent founda
tion for a dam. The natural fall hero is 7 feet. Above this point there 
are no shoals of any considerable importance till the mountains are 
reached; tl?e fall of the river is gradual, though considerable. 

The first important tributary of Broa.cl River! is th6 Enoree. Little River, below 
it, has no powers worthy of special mention. The Enoree rises in Greenville County, 
flows southeast for about 70 miles, and drains an area of about 730 square miles. The 
average fall of the river is about 70 feet to the mile. The shoals on the lower part 
of the river are rapidly filling up. For the first 25 miles there are only two small 
mills. 

The power formerly known as Yarbrough's gristmill is the first power of impor
tance on the river. The fall here is about 16 feet. The next shoal is Mountain Shoal, 
the most important one on the Enoree. It is situated about 12 miles from Laurens. 
The stream pours over~ ledge of gneiss rock, falling nearly 70 feet in a quarter of a 
mile, :mel is divided into two shoals. At the head of the upper shoal a natural clam 
extends nearly across the stream, which is some 200 feet wide, ancl a fall 16.5 feet in 
500 feet results. After flowing 200 yards with a fall of only 2 feet, the stream falls 
52 feet in 250 yards. At the head of this fall the stream is 300 feet wide. The banks 
on the left are steep and rocky, but those on the right are lower, and at the foot of 
the shoal there is a bottom which is sometimes overflowed to a depth of 5 or 6 feet. 
The channel of the river is interspersed with islands. This is the site of the 
Enoree mills, which contain 30,725 spindles and 820 looms. Above this place there 
are several small shoals with falls of 6 to 12 feet each. 

Van Pattens Shoal; about 15 miles above Mountain Shoal and over 20 miles from 
Laurens, is the next important power. The river here falls over a ledge of gneiss 
rock, as at Mountain Shoal, 55 feet in 900 feet. 

I Data compiled from a report prepared by Prof. J. A. Holmes, State geologist of North Carolina. 



218 PROGRESS OF STL{EAM MEASUREMENTS FOR Hm7. 

The next shoal above is at the site of the mill of the Pelham Manufacturing Com~ 
pany, which contains 10,000 spindles driven entirely by water power from this 
stream. The dam is of stone, 550 feet long, and the flume which carries the water 
to the wheels is 65 feet long and 8 feet in diameter. The fall of water at the wheels is 
32 feet. The wheels are two in number, one 35-inch vertical and one 25-inch hori~ 
zontal turbine. It is claimed that the horsepower developed during dry seasons is 
about 325, and at ordinary seasons about 425 horsepower is developed . 

.After inquiry no other shoals of importance were discovered on the river. It 
will be seen that the Enoree River has a succession of shoals, affording considerable 
power. Crossing the ledges of rock at larger angles than does the Broad River, the 
falls of all these tributaries are more abrupt. 
Th~ next important tributary of the Broad is Tiger River, which enters only 4t 

miles above the mouth of the Enoree, and from the same side. The length of Tiger 
River from the junction of the forks to its mouth is about 36miles in a straight line, 
and its (lrainage area is 720 square miles, almost exactly the same as that of the 
Enoree, to which this stream is similar in all respects. 

On account of the silting up of the stream there are no shoals of importance for 
30 to 40 miles from the mouth. The first worth mentioning is the site of Hill's fac
tory. .At this place the fall continues for about three-fourths of a mile, but may lJe 
divided into three parts-the lowest with a fall of about 12 feet, the middle with a 
fall of about 15 to 16 feet, and the highest with a fall of 12 to 15 feet. 

Four miles above is a grist and saw mill, with a fall of about 9 feet. There are 
some powers above, one of which is said to have a fall of 15 feet. The North Tiger 
has one power below its junction with the Middle Tiger where a fall occurs of about 
36 feftt in 300 yards. The Middle Tiger is also a small stream, with a drainage area at 
its mouth of 55 square miles. It has a number of shoals where the stream pours over 
ledges of solid rock, falling from 10 to 20 feet in a short distance, and there are sev
eral gristmills and a cotton factory on the river. The Tuca.pau :Mills Company has 
a cotton mill about 2 miles from Wellford station, on the Southern Railway, which 
contains 16,000 spindles and 470 looms, operated by combined steam and water 
power. 

The South Tiger is the largest of the three forks and, like the others, has anum~ 
ber of fine shoals, some of which have been improved. 

The next tributary of the Broad which is worthy of special mention is Pacolet 
River, which drains an area of about 475 square miles. The stream is a succession 
of shoals and affords considerable water power. The first shoal met in ascending the 
river is Skull Shoal, 4 miles from the mouth, but the fall is only 3 feet. Griudall 
Shoal, about 14 miles from the mout.h, has a fall of about 6 feet. 

The first important shoal is Trough Shoal, the most notable power on the river, 23 
miles from its mouth, 12rniles from Sparta~ burg, an<12 miles from Pacolet Station, on 
the Southern Railway. The total length of the shoal is nearly three-fourths of a 
mile, and the 'total fall in that distance is in the neighborhood of 60 feet, as ascer
tained by a pocket level. At the upper end the stream is contracted, for a distance 
of 100 feet or more, between two vertical walls of rock, to a width of from 10 to 15 
feet, the depth being 16 feet at ordinary stages of the water. The bed of the stream 
cousists of solid rock or bowlders for the entire length of the shoal and the fall is 
distributed as follows: 

:For about 500 feet the bed is rough and about 200 feet wide, the fall in this dis
tance being 22 feet; in the next 750 feet the fall is only 5.5 feet, while in the following 
350 feet an equal fall occurs between banks which are rocky and very steep. The 
banks retain the same character for the next 500 feet, with a fall of 11 feet; thence 
the river has falls of 5.5 feet in three successive distances of 250, 750, and 300 feet, 
respectively. The fall of the entire shoal amounts to 60 feet. The power is one of 
the best in this vicinity antl is utilized in part by the Pacolet mills, which contain 
56,328 SJ)indles and 2,160 lool1ls. 



NEWELL.) BROAD RIVER. 219 

One mile above Pacolet is Brown's mill, where there is said to be a fall of 14 feet, 
and 2t miles beyond is another site where the fall is 8 or 10 feet. Thirty miles 
above the mouth of the river is the shoal known as Hurricane Shoal, formerly occu
pied by iron works, but now the site of the Clifton cotton factories. These three mills 
are within a short distance of each other on the river and contain an aggregate of 
85,848 spindles and 2,698looms, operated by water and steam power combined. 

Lawsons Fork, which enters the Pacolet several miles below Clifton, has a drainage 
area of 82 square miles. It contains several falls; the first, of about 15 feet, occurs 
just below Glendale, and tho second at Glendale, 6 miles from Spartanburg. The 
latter is used by the cotton factory of D. E. Converse & Co., which contains 17,280 
spindles and 518 looms, operated by steam and water p,ower combined. 

On Buffalo Creek, near the crossing of the Seaboard Air Line, there is a small cot
ton mill containing 3,000 spindles, operated by the Buffalo Manufacturing Company. 
The dam is 90 feet long and 25 feet high, giving a ·fall of 30 feet at the wheel. 

On First Broad River the Lauraglen Cotton Mill is situated, 3 miles southwest of 
Shelby. This factory contains 3,500 spindles and is operated entirely by water 
power. The dam is 14 feet high and 200 feet long, and the bead on the wheel is 15 
feet. · 

Double Shoals, the next important power on the river, is the site of the cotton 
factory known as the Double Shoals mill, which contains 2,000 spindles, situated 
about 8 miles north of Shelby and 4 miles east of the Cleveland mills. The dam is 
9 feet high and the water falls 15 feet at the mill. Cleveland Cotton Mill No.2 is also 
located on this stream, 10 miles north of Shelby and 3 miles north of the Double 
Shoals mill. The mill contains 4,224 spindles. The dam is 12 feet high and 270 feet 
long, and the fall of 'water at the factory is 13 feet. 

O.n Knob Creek, a small tributary which joins the Second Broad at Gardners Ford, 
is situated the Cleveland Cotton Mill No.1, about 12 miles north of Shelby. The mill 
contains 884 spindles. The dam is 15 feet high and 90 feet long, giving a bead of 15 
feet at the mill. 

Second Broad River, the next tributary worth mentioning, rises in McDowell 
County and flovrs through Rutherford County, draining an area of 193 square miles. 
It is a small stream, only 30 feet wide at its mouth, but contains several good powers. 
Tumbling Shoal, 3 miles from ~he mouth of the river, has a fall of 11 feet in a dis
tance of 200 yards, and a good building site may also be obtained .. The river would. 
probably give from 4t to 5 horsepower per foot of fall in the low season of dry years. 

High Shoals, on which is located Henrietta Cotton Mill No.1, is 4 miles above the 
mouth of the river. The original shoal bad a fall of 23.4 feet in a distance of about 
800 feet. The dam is of stone, 200 feet long, 17.8 feet high, 18 feet base, and 5 feet 
coping, curving slightly upstream. The race is 300 feet long, 35 feet wide, and 10 
feet deep, giving a fall at the wheel of 32 feet. The mill contains 25,000 spindles 
and 1,000 looms. 

The Henrietta Mill No. 2 occupies the next two shoals, about 2 miles above High 
Shoals. The two shoals have a total natural fall of 18 feet. The dam is placed on 
the lower shoal and backs water over the upper, glving a fall of 29 feet at the wheel. 
This mill contains 35,000 spindles an~ 1,000 looms. 
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Rating table fo1' B1·oad Rirer nt Gaffne.y, South Cal'olina, jo1· 1897. 

Di"h~ge. •I h';;~'i,~ I m,ch~ge. i 
I : 

\ Gage Ga,ge Discharge. i Gage !Di height. height. hoight. 

I 
Feet. S."ndf"'·l Fut. S.oondf"'·, 
0.7 780 2. 4 3, 028 1 

0.8 790 2. 6 3, 504 
0.9 810 2.8 3,980 
1.0 845 3.0 4,456 
1.2 940 

i 
3.2 4,932 

1.4 1,070 I 3.4 5,408 
1.6 1,250 I 3.6 5,884: 
1.8 1,600 i 3.8 6, 360 
2.0 2,076 : 4.0 6,836 
2.2 2,552 I 4.2 7, 312 

I. 

Feet. Second-feet. 1 

4.4 7,788 
4.6 8,264 
4.8 8,740 
5.0 9,216 
5.2 9,692 
5.4 10,168 
5.6 10,644 
5.8 11,120 
6.0 11,596 

I 
I 

---
Feet. 

6.2 
6.4 
6.6 
6.8 
7.0 
7.5 
8.0 
8.5 
9.0 

1 
Se cond-feet. 

12,072 
12,548 
1.:5,U:U 

13,500 
13,976 
1~,166 

16,356 
17,546 

I 

! 

I 

18,736 I 

Estimated monthly discharge of B1·oad Rivm· at Gaffney, South Carolina. 

[Drainage area, 1,435 ~quare miles.] 

~~Month'. Discharge in second-feet. 

Maxi
mum. 

Mini
mum. Mean. 

I 
Run-off. 

Total. iu acre- ~-- --~ -~c~~d--
feet. Depth in · feet per 

inches. I square 
mile. 

1--------- -------- ----J------J----1----1 

1897. 
I 

January ........... i 2, 790 800 1,026 63,090 0.82 0.71 
February .......... 

1 
18, 022 970 4,111 228,315 2.99 2.87 

l\Iarch . .. . . . . . . . . . . 11, 596 1,719 4, 556 1 280,140 3.67 3.18 
April .............. i 18,736 1,957 4,198 I 249,800 3.26 2.93 
l\fay ............... 7,550 4,694 5, 402 : 332,155 4.3-l. 2.76 
June ............... 10,287 3, 6231 5,126 I 305,020 3. 981 3.57 
July ............... 7,074 2,076 4.,310 265,010 3. 46 : 3.00 
August .............. 3,861 1, 070 I 1,951 119,9GO 1. 57 i 1. 36 

I 790 ! 55,280 
I 

September ......... 1:600 929 0. 72 I 0.65 
October ............ 

! 7,312 790 11 244 I 76,490 I 0.87 1. 00 ; 
I 

75,215 I 
I 

Xovember .......... I 3, 266 845 1,264 0.98 I 0.88 
I 3, 266 I 940 1,521 93,520 I 

1.22 =§j December .......... 
1 I ---------

The year ..... · 18, 736 : 790 2,970 2,143,995 28.01 ' 1. 99 
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Sec.-ft. 
12, 000 t-+-t-...W:~-+-+-+-+tf+---il-+-t--+-Jf-+-+-t-+--t--t-t-+-f--t-t-+-+--t--1-+--+-t-+-t-t 

11, 000 I-+-+--+I-I-+-J.-t+---I---H~~-+-~I-+--I-f-+-+-+-t-+-+-+-l-+-t--1-1-+-+-t-+-t-t 

10, 000 t-+-+--H-f-+-HH--HI+-11-+-+-+-1H+-+-+-+-+-+-t-+-++-l-+-t--l-l-+-+-t-+-t-t 

9, 000 I-+-+-+J.I-+-J.-t+---I---H~~-+-+-1H!-+-f-+-+-+-t-+-+-+-l-+-t--l-l-+-+-t-+-t-t 

8, 01)0 t-+-t-~f-+-H-IH-HI+-11-+-+-+-1H+-+-+-+-+-+-t-+-+-+-l-+-+--l-l-+-+-r-t--t-t 

7, 000 l-+-+--ai--+-H~-HI+-1~H-+-1H+-+-~r+-+-t-+-+-+-l-+-tt-t-f-t--+-t-+--+--t 

FIG. 52.-Discharge of Broad River at Gaffney, South Carolina, 1897. 

SALUDA RIVER. 

The Saluda is formed on the boundary between Pickens and Green
ville counties, South Carolina, by the union of its North, South, and 
Middle forks, and flowing southeast unites with the Broad to form the 
Congaree. The length of the stream in a straight line is about 110 
miles and its drainage area is about 2,350 square miles. The general 
character of the Saluda, which contains numerous shoals and falls, is 
similar to that of the Enoree and the other tributaries of the Broad. 
At Beards Falls, 2 miles above Columbia, is the factory of the Saluda 
Manufacturing Company~ The dam is of stone, 900 feet long and 9 feet 
high, with a race 200 feet long. The fall at the factory is from 14 to 
16 feet. 

Saluda River was made navigable many years ago by the State, and 
three canals were constructed, the lowest one being around Beards 
Falls. The canal was 2~ miles long and had five locks with a total lift 
of 34 feet, covering the fall of the river between its mouth (where there 
was a dam across the Broad, in the pool of which boats were floated 
over to the Columbia Canal) and the head of Loricks Falls, 1~ miles 
above the Saluda factory. At these falls there is a natural fall in the 
river of about 6 feet, and their bead is 27 feet above the mouth of the 
river. The available power at the mouth of the Saluda may therefore 
be considered due to a fall of from 30 to 34 feet, and it is said that 
the old canal could be put in order without much difficulty. 

The next site above Loricks Falls is beyond the mouth of Twelve
mile Creek, at Drehers Canal, the second State canal, which was 1 mile 
long and had four locks, with a total lift of 21 feet. The mot5t impor
tant power on this part of the river is at Great Falls, or Wares mill, 
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above t):te mouth of Reedy River. The shoal is in all about 1 mile long 
and the fall is 45 feet. At the head was a wing dam on the left bank, 
and a race one-half mile long gave a fall of 21 feet at a sawmill. About 
300 yards below the tailrace was a second wing dam on the right bank, 
and a race 300 yards long gave a fal1 of 20 feet at a saw and grist mill. 

The next site on the river is a power owned and used by the Pelzer l\ian
ufacturing Company (see Pl. XXVII, B). The dam here is 700 feet long 
and gives a fall of 39 feet at the wheels. Five wheel pits, each contain
ing one pair of 39-inch horizontal wheels, develop 1,_050 horsepower per 
pair. Only three pairs of wheels and three generators are at work. The 
horsepower developed is 3,150 and is carried a distance of 2ft miles. 
The power station is equipped witb. three 1,009-horsepower, 3-phase, 
3,300-volt generators, exciters, and the necessary station apparatus. 
The installation at mill No. 4 consists of 21 induction motors and 1,200 
lights. Mill No.3 bas one 400-horsepower motor and ten5-borsepower 
motors. The four mills at Pelzer contain 111,000 spindles and 3,000 
looms; of these 75,000 spindles are operated by power electrically trans
mitted. At Pelzer are located all the mills owned by this company, and 
here is the second de"~elopment. The dam is of granite in cement, 250 
feet long and 15 feet high, with a race of 200 feet and a fall used at the 
factory of 21 feet. Six miles above is the factory of the Piedmont Man
ufacturing Company, but between this and the Pelzer mill is the AJlen 
Shoal, with a natural fall of 14 feet in 250 yards, capable of being 
increased to 18 feet without interfering with the Piedmont fact~ry, 
about 2 miles above. The dam at the Allen Shoal is of stone, 217 feet 
long, 23 feet high, and gives a fall of 28 feet at the milL The wheels 
are six in number, three 48-inch vertical and three 54-inch horizontal 
turbines, developing between 900 aud 1,000 horsepower. The mill con
tains 59,326 spindles and 1,838 looms. Aqove this point there are 
several shoals on the river, but none of importance. 

Reedy River is the principal tributary of the Saluda below the forks. 
The length of the stream measured in a straight line is about 50 miles, 
and its drainage area is 386 square miles. Tumbling Shoal, about 16 
miles from the mouth of th(> river, is the most important on the stream. 
The shoal is short, and the fall amounts to 10 feet in 75. The next 
shoal is Cedar Falls, where the fall is stated to be about 20 feet. One 
mile above is Fork Shoal, at the mouth of Reedy Fork Creek, about 16 
miles from Greenville. It is stated that a fall of 20 feet can be obtained 
here. At Greenville there is a fall of 64 feet in 500 yards. 

The Courtenay l\ianufacturing Company bas developed a power 
located on Little River, about 4 miles from Seneca, on the Southern 
Railway. The dam is built in a curvecl line, with a radius of 114 feet, 
and is 1.13 feet long, giving 22 feet head through a race 175 feet long, 
30 feet wide, and 10 feet deep. There are two 48-inch horizontal tur
bines, with one small 21-inch turbine for driving fire pump, etc. The 
total horsepower developed is 750 during low seasons; it is used to 
drive 400 looms and 17,000 spindles. 
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SENECA RIVER. 

During the latter part of 1895 the Anderson Water, Light, and Power 
Company, of Anderson, South Oarolina, began the transmission of 
electricity, generated by water power on Seneca River, 6 miles distant. 
This was the first long-distance transmission plant in the South, and 
the 200-horse~ower Stanley generator, 5,500 volts, was the largest 
machine in the country of so h"igh a voltage. The current is used for 
arc lamps, incandescent lamps, and motors. During the last year the 
Anderson Company has greatly enlarged their transmission plant by 
installing two 600 K. W., 3-phase, 10,000-volt generators,"the distance 
of transmission being 10 mi~es. 

The current is supplied to three 300-horsepower synchronous motors 
in the cotton mi1ls at 600 volts, 70 arc lights and 1,500 incandescents, 
and several small motors in the town. The total horsepower delivered 
is 1 ,425. 

SAVANNAH RIVER. 

Savannah River is formed by the junction of Keowee and Tugaloo 
rivers about 100 miles above Augusta, Georgia. The head-water tribu
taries have their source in the Blue Ridge in North and South Carolina. 
The gaging station on the main river is located at Calhoun Falls at the 
bridge crossing of the Seaboard Air Line, and is described in Water
Supply and Irrigation Paper No. 15, p. 39. A large number of fine 
water powers occur on the tributaries and along the main river, the 
most noted being Tallulah Falls, 335 feet in height, on Tallulah I~iver. 

Rating table for Sat•annah River near Calhoun Falls, So nth Carolina, for 1897. 

I 
Gage 

height. 

Feet. 

1.7 

1.8 

1.9 

2.0 
2.1 
2.2 
2.3 
2.4 
2.5 

I 

Discharge. 

Second-feet. 

1, 450 
1, 580 
1, 720 
1,875 
2, 045 
2, 235 
2,445 
2,680 
2, 940 

Gage I D' h If 
height. r ISC arge. 'I 

Feet. Seconcl-jeet.[ 

2.6 3, 240 I 
I 

2.7 3,590 
I 2.8 4-,000 I 

2.9 4,500 
3.0 5, 000 
3.1 5,500 
3.2 6, 000 
3.3 6,500 
3.4 7,000 

Gage In· I height. : ISC targE>. 
I 

Feet. ( Second-feet. 

3.5 7,500 
3.6 8,000 
3.7 8, 500 
3.8 9,COO 
3.9 9, 500 
4.0 10,000 
4.1 I 10,500 
4.2· ~ 11,000 
4.3 ll,GOO 

Gage 
height. 

:Feet. 

4.4 
4-.G 
4.6 
4-.7 
4.8 
4.9 
5.0 

Di 

1-

Se concl-jeet. 

12,000 
12,500 
13,000 
13,500 
14, oco 
H,500 
15,000 

_j 
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Estimated monthly discharge of Savannah Rit•e1· at Calhoun Falls, South Ca1'olina. 

Month. 

[Drainage area, 2,712 square miles.] 

\ · Dischar·ge in second-feet. 

'Maxi
Jnum. 

Run-oft'. 

I 

I 
feet. Second-I Total in acre- I 

Depth in feet per 
I inches. square 
! mile. 

---------1------------
I 

1896. 
2, 1261.----- -.. - .. -.-- ---- ' .... - ----! August .. _ ........ ~- 5,500 1, 525 

9,250 1,460 
' I , 

September ......... 2, 360 : . - - - -. . . . . . . . ........ --. - . --- . 

October ............ 2,870 1,460 
I ! , 

1, 821 ·----- ...... '·--- .... ----. ···-
November .......... 26,000 1,950 5, 644! ·- ---· ______ 1 

___ • ____ ' ____ • ----

December------ .... 18,000 2,560 I i 6, 468 . - - - -.. - - - .. ' . . . . . . . . . .... -- . -
1897. 

January .. --- .... -.- 17,000 2,235 4,456 273,990 1. 89 1. 64 
February 13-28 ..... 12,000 6,000 9, 031 286,604 1. 98 3.33 
March 17-31 ....... 16,750 5,250 9,050 269,250 1. 86 3.33 
April 8-30 ......... 14,750 6,000 8,402 383,295 2.65 3.10 
.May ... --- ........ 18,000 2,235 6,010 369,541 2.56 2.22 
June ....••......... 12,000 2,140 4, 698 279,550 1. 93 1. 73 
July ............... 10,250 2,445 4,307 264,830 1. 83 1. 50 
August ...•......... 4,750 1, 875 2,654 163, 190 1.13 0.98 
September ......... 3,800 1,460 1,873 111,450 0.77 0.69 
October ............ 5,250 1,405 2,220 136,505 0.94 0.82 

~vember ____ ------ 7,000 1,650 2,820 167,800 1. 16 i£J ecember .......... 1 5, 000 i 2,445 3,355 206,2951 1.43 
I 

4 

Sec .-ft. 
12, 000 

11, 000 

10, 000 

9, 000 

8, 000 f--

7, 000 f--

6, 000 -
5, 000 -

4, 000 

3, 000 

2, 
l l -vvv 

1, vvv 
I -· ~ I N4' 

0 

.FIG. 5J.-Dischargo of Savannah River at Calhoun Falls, South Carolina, 1896. 
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11,000 

10,000 

9,000 

8,000 

7,000 

6, 000 

5,000 

4, 000 

3,000 

2, 000 

1, 000 

BROAD RIVER. 225 

..l!'w. 54.-Discharge of Savannah River at Calhoun Falls, South Carolina, 1897. 

BROAD RIVER IN GEORGIA. 

Broad River is an important tributary of the Savannah, which it 
enters about 13 miles by river below the gaging station on the main river. 
The·results.of hydrographic work at Oarlton, ou this river, will give data 
for computing the power that can be developed at Anthony Shoals, 
below, which have a fall of over 70 feet within a short distance. The 
gaging station was established May 27, 1897, but observations of gage 
heights· were not commenced until July 1, 1897. The fall at Augusta, 
at the head of navigation, is about 50 feet where the river crosses the 
fall line. Calhoun Falls and Carlton stations are described in Water
Supply and Irrigation Paper No. 15, pp. 30-40. 

From measurements made September 28 on the South Fork at 
mouth, and of Broad River below the mouth of South Fork, the dis
charges of which appear in the following table of miscellaneous meas
urements, it is estimated by B. M. Hall that at low water the North 
Fork at Carlton discharges about 3.4 times as much water as the South 
Fork at its mouth, and that a fair approximation of the flow of Broad 
River below the fork can be obtained by adding 32 per cento to the 
discharge at Carlton. 

19 GEOL, PT 4--15 
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Rating table for Broad River at Carlton, Gem·gia, for 1897. 

I 

I Di•chMg•. 
Ga~e n· 1 1: Gage Discharge. Gage Discharge. Ga~e 

heig t. 1sc large. . h . ht height. beig t. I mg . 

Fe:!t. Second-feet. Feet. Second-feet. Feet. Se.cond-feet. Feet. Second-feet. 

1.5 315 2.5 973 3.5 1,683 4.5 2,393 
1.6 360 2.6 1,044 3.6 1, 75-1 4.6 2,46!-
1.7 410 2.7 1,115 3.7 1,825 4.7 2,535 
1.8 476 2.8 1, 186 3.8 1,896 4.8 2, 606 
1.9 547 2.9 1,257 3.9 1,967 4.9 2, 677 

2.0 618 3.0 1,328 4.0 2,038 5.0 2, 748 
2.1 689 3.1 1,399 4.1 2,109 5.5 3, 100 
2.2 760 3.2 1, 470 4.2 2,180 6.0 3,460 

LS 831 3.3 1, 541 4.3 2,251 _j !)02 3.4 1,612 4.4 2,322 4 

Sec.-ft. 
6, 000 

5, 500 

5, 000 

4, 500 -
4, 000 

3, 500 

3, 000 . 
2,500 

2, 000 

1,500 

1, 000 
1 ll I 

500 

FIG. 55.-Discbarge of Broad River at Carlton. Georgia, 1897. 
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Estimated rnonthly dischar·ge of Br·oad River at Cm·lton, Georgia. 

[Drainage area, 762 square miles.] 

~Month. 
Discharge in second-feet. Run~ 

Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

------
1897. 

July ............... 3,671 443 979 60,195 1. 48 1.28 

August ............. 2,428 385 641 39,415 0.97 0.84 

September ......... 831 315 380 22,611 0.56 0.50 

October ............ 973 150 315 28,778 0.70 0.61 
November ... __ ._ ... 1, 434 385 547 32,548 0.80 EJ December . __ - _ . __ .. 1,115 547 7·18 45,995 1.13 8 

List of ?niscellaneous discharge rneasU1·ements, Savannah Basin. 

Meter 
Ga!te Area of Mean Dis-Date. Stream. Locality. num- beig t. section. velocity. charge. ber. 

--------------

1897. Feet. Sq.feet. 
Feet per 
second. Sec.-feet. 

July 15 Savannah River. Augusta, Georgia 92 6.67 3, 309 1. 24 4,198 

Sept. 28 Broad River ... Below month of 92 1. 60 275 1.71 472 

South Fork. 

Do .. South Fork of At mouth ..•. _- •. 92 1. 60 55 1. 90 150 

Broad River. 

Sept. 29 Augusta Canal. Augusta, Georgia 11 . ---- .... 1, 274 2.02 2,576 
I 

Do .. Warwick Mill .. __ .do . __ --- ___ . 11 . ---- .. 40 1. 59 64 

Race. 

Do .. SavannahRi ver North Augusta 11 5.17 2,440 1. 30 3, 180 

I Nov. 6 

bridge. 

~ ..... do-------- Augusta, Georgia 92 6.20 2,836 1. 52 

ALT AMAHA RIVER. 

The drainage basin of this river occupies a large area in central 
Georgia. The Altamaha is formed by the junction of the Oconee and 
Ocmulgee. The former stream heads near Gainesville, on the southern 
slope of Chattahoochee ridge, which separates the bead waters of this 
stream from those of Chattahoochee River. The upper gaging station 
is located at Cary, immediately below the mouth of Apalachee River, 
described in Water-Supply and Irrigation Paper No. 15, p. 41. 

OCONEE RIVER. 

The United States Weather Bureau has maintained gage readings 
on Oconee River at Dublin since 1894. During 1897 a number of dis
charge measurements were made at this point; but not a sufficient 
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number on which to base a rating curve. The Weather Bureau discon
tinued its readings at the end of .April, but the station will be resumed 
in 1898 under the direction of this office. A measurement made on 
the river December 9, 1897, at the Northeastern Hailroad bridge near 
Athens, Georgia, gave a discharge of 172 second-feet. 

I 

I 

Rating table for Oconee River at Cary, Georgia, for 1897. 

Ga!te Ga~e 
I Gage . !j Ga"e I 

beig t. Discharge. heig 1t. 
1 Discharge. , height. D1scharge.

1 

1 ·] t 1 D 
I 

1e1g 1. I 

i 
I 

Feet. Second-feet. Feet. 
I 

Second-feet. I Feet. Second-feet. Feet. ~ Se 

iach<'ge,l 

cond-jeet. 
3,450 
3,750 
4,080 
4,500 
4,950 

0.0 
0.2 
0.4 
0.6 
0.8 

Lli "' 
4 

I 

240 1.6 560 3.2 1, 848 4.8 
260 1.8 675 I 3.4 2,024 5.0 
290 2.0 815 I 3.6 2,200 5.2 
320 2.2 970 3.8 2,376 5.4 
350 2.4 1, 144 4.0 2,554 5.6 
380 2.6 1,320 4.2 2,750 5.8 
415 2.8 1,496 4.4 2,965 6.0 
470 3.0 1,672 4.6 3,200 

Estimated rnonthly discharge of Oconee River at Cary, Georgia. 
[Drainage area,1,346 square miles.] 

5 41~ I 

Discharge in second-feet. Run~ 
Month. Total in acr~-

~econd· feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

------

1896. 

Kovember .... -----· 1,800 750 867 ...... -- ..... - ...... .................. ... ...................... 

December---------- 3,610 790 1,232 ....... -- ... -- ....... ........ ......... ... .................. 

1897. 
January ... __ ... ___ . 10,000 675 2, 114 129,985 1. 81 1. 57 
February .. ____ .... 7,250 1, 232 2,905 161,335 2.25 2.16 
March 1-13, 18-3L .. 10,000 1,584 3~482 181,462 2.61 2.59 
April9-30 ...................... 4,720 1, 2321 1,955 85,309 1. 19 1. 45 
l\iay _ ..... __ . _ .. _ .. 2,554 740 I 1,130 69,480 0.97 0.84 

June------ ................... 1,232 510 I 800 47,605 0.65 0.59 

July.------ ........ 5,410 33- ~ t) I 1-,358 1 83,500 1.16 1. 01 
August .... _. ....... --- 2,650 415 ' 948 

I 
58,290 0.81 0.70 

September ..... ____ 740 1 
a250 I 460 I 27,370 0.381 0.34 

I 
! October ............ 1,584 395 . 740 45,500 0. 63 . 0.55 

November __________ 2,112 I 560 I 829 I 49,330 0. 691 

~ December ...... ____ 1,496 815 1, 116 68,620 0.95 
! 

3 

a The low-water height ·reported at Cary from September 7 to September 16, 1897, was probably 
caused by the opening for repairs of a da~ 2 or 3 miles below this point. An inspection of the con
ditions at Macon and other stations shows that this period did not include the lowest water of the 
year but that the minimum occurred during the first two weeks in October. Leaving out of account 
this period of sudden apparent low water, the lowest gnge reading at Cary was 1.10 on October 4. A 
measurement made on that day at 1.08 showed a discharge of 381 second-feet. • 
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Sec.-ft. 
12, 000 l-+-+-+-+-~l--l-~-l-ll-+-t-ir-+-+-+-+-+--i-t-t--+-+-+-t-i..__..-+--+-+-t-1'-+-+--t-t 

10, 000 l-+-h-+-+--Hht-.t--HII--I-t-i-+-+-+-+-+--i-+-t--+-+-+-t-i..__..-+--+--l-t-1'-+-t--t-f 

6, 000 1-+-+11-+--H+-I-If.-+---

5, 000 1-l---+11-+--+11+-....... .-+---

4, 000 1-t--ill-t--tlrt--f-t-

3, 0001-+~1--f-

. 2,000 

Q 

FIG. 56.-Discharge of Oconee River at Cary, Georgia, 1897. 

YELLOW RIVER. 

Yellow .River is an important tributary of the Ocmulgee. Its head
waters are in Gwinuett County, only a short distance from Chattahoo
chee River. The gaging station was established at Almon, 3 miles 
west of Covington, Georgia, September 12, 1897. It is described in 
Water-Supply and Irrigation Paper No. 1'5, ll. 43. 

Rating table for Yellow River at Almon, Oeorgia. 

[This table is applicable from September, 1896, to December 31, 1897.] 

Ga.2'e Discharge. Gag-e Discharge. Gage I Discharge. I h~i~\~. • Diacha<go.l height.· height. height. 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

0.7 60 1.8 152 2.9 450 4.0 912 
0.8 65 1.9 lfi5 3.0 492 4.1 954. 
0.9 71 2.0 179 3. 1 534 ·4.2 996 
1.0 78 2. 1 194 3.2 576 4.3 1,038 
1.1 85 2.2 211 3.3 '618 4.4 1,080 
1.2 93 2.3 231 3.4 660 4.5 1,122 
1.3 101 2.4 256 3.5 702 4.6 1,164 
1.4 110 2.5 290 3.6 744 4.7 1,206 
1.5 120 2.6 326 3.7 786 4.8 1,248 

l£ 130 2.7 366 3.8 828 4.9 1, 290 
HO I 2.8 408 3.9 870 5.0 1,332 ( 
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Estimated monthly discharge of Yellow River at Almon, Geo1·gia. 

[Drainage area 379 square miles.] 

Discharge in second-feet. Run-g 
Month. Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 

mum. llilllll. inches. square 
mile. 

---

1897. 
September 12-30 .... 112 93 101 3,806 0.18 0.27 
October .. -- ____ .. -- 174 85 119 7, 317 0.36 0.31 

~ber .. -- .•.... 179 120 141 8,390 O.H J£J mber .... ------ 450 160 215 13,219 0.66 7 

OCMULGEE RIVER. 

Ocmulgee River heads iiL the city of Atlanta, Georgia, as South 
River, and flows in a general southeasterly direction, crossing the fall 
line at Macon, Georgia, which is the head of navigation. A gaging 
station is located at Macon and is described in Water-Supply and 
Irrigation Paper No. 15, p. 44. · 

The following table gives the list of discharge measurements on 
Ocinulgee River at Macon, Georgia. The principal facts are also shown 
in the accompanying figure (fig. 57), in which vertical distances repre
sent the height of water on the gage and horizontal distances the 
quantity of discharge. The plotted points obtained by measurement 
are shown by the sniall circles, which are numbered to correspond with 
the figures in the left-hand column of the table. Near or through these 
is drawn a smooth curve, from which the values for the rating table 
have been obtained. 

List of discharge meastt1·ernents on, Ocrnulgee River at Macon, Georgia. 

I No. 
Meter Gage 

Mean 

Discharge./ Date. Hydrographer. num- Area of velocity 
height. section. per ber. second. 

1895. Feet. I Jleet. Sec.-feet. Sq.jeet. , 

1 Oct. 181 C.C.Babb .•.•.••. 76 0.39 784 I 1. 04 813 
a2 Oct. 23 ..... do . _______ .... 76 0.20 726 1. 06 767 

3 Dec. 13 
1 

••••• do .......... __ 62 1. 59 1,045 1. 46 1,530 . 
1896. 

4 Jan. 28 I B. M. Hall ........ _ 8 5.52 2,107 1. 63 8,436 
5 June 12 ,----.do------ ...... 8 -0. 10 539 1.47 791 
6 June 30 I Max HalL ... ·----- 8 1 -0.82 372 1.19 442 
7 Aug. 6 \_ .... do .•.......... 16 1 

2.97 1,659 1. 23 2,045 
b8 Aug. 31 : ..... do ............ 11 . --(1.13 837 0.778 651 

I 
9 Oct. 15 ..... do ............ 11 -0.35 i 741 0.63 572 

a The same as No. 1. b The same as .X o. 5. 
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List of discha1·ge measurements on Ocmulgee River at Macon, Georgia-Continued. 

10 
11 
12 
13 

a14 
b15 

16 
cl7 
c18 

19 
20 

21 

Date. 

1897. 
Mar. 15 
May 4 
May 5 
May 18 
June 11 
June 12 
June 29 
Sept. 23 
... do .... 
Nov. 7 
Dec. 6 

1898. 
Jan. 7 

1 Meter 
Hydrographer. num-

ber. 

B.M.Hall ......... 91 
..... do ............ 91 
..... do ............ 91 
Max HalL ......... 11 
P. A. Dallis ........ 14• 
..... do ............ 14 
B. M. Hall ......... 91 
Max Hall .......... 92 

.... ~do ............ 92 
A. P. Davis .....•.. 94 
Max Hall .......... 92 

..... do ............ 92 
I 

a The same as No.7. b The same as No. 3. 

Feet. 
15 

13 

Mean 
DioobMge.j Ga~e Area of yelocity 

height. section. per 
second. 

Feet. Sq.feet. Feet. Sec.-feet. 
16.75 5,862 4.356 25,535 
4.30 1, 612 1.706 2, 750 
3.50 1,402 1.623 2,275 
2.10 1,092 1.458 1, 592 
2.85 1,325 1.59 2,111 
1.85 1, 045 1.42 1, 479 
0.90 829 1. 213 1, 005 

-0.35 522 0.967 504 
-0.35 602 0.825 497 

0.60 627 1.17 735 
1. 20 948 1. 43 1,356 

0.42 731 1.23 899 I 
c The same as No.9. At new iron bridge. 

/v ~ 
v ~ 

~ 

_v ~ 
11 

~ 
~ 

./ 
9 

'l / 
i 

1/' './! 

/6l 
7 

1121 

5 

3 

1 

-1 
~g g g 0 0 g g 0 0 g 0 0 0 

0 0 0 0 0 0 0 •.o 0 0 0 0 0 0 0 0 0 0 0 
al - "<I'- <D c,; ~ ;f ~- tD ~ 0 ~ ..; <D rn<:'l 

.-i C'l C'l C'1 C'1 

FIG. 57 .-Rating curve for Macon station on Ocmulgee River, Georgia. 
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Rating table for Ocmulgee Bivel' at Ma.con, Georgia, for 1897. 

Gage Dis.charge. Ga~ Discharge. Ga~ D' h I Galte I D' h 
height. heig t. heig t. ISC arge. 1 heig t. 1 ISC arge. 

---
Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. I!'eet. I Second-feet. 

-0.6 450 2.0 1,604 5.4 3,351 8.8 ! 6,120 
-0.5 481 2.2 1,698 5.6 3,474 9.0 6,431) 
-0.4 516 2.4 1,793 5.8 3,598 9.5 7,450 
-0.3 554 2.6 1,888 6.0 3,722 10.0 8, 700 
-0.2 594 2.8 1,985 6.2 3,846 10.5 9,950 
-0.1 636 3.0 2,083 6.4. 3,975 11.0 11,200 

0.0 680 3.2 2, 182 (),6 4,109 11.5 12,4ti0 
0.1 726 3.4 2,280 6.8 4,251 12.0 13,700 
0.2 772 3.6 2, 379 7.0 4,400 12.5 14,950 
0.4 864 3.8 2,478 7.2 4,554 : 13.0 16,200 
0.6 956 4.0 2,577 7.4 4,716 

I 
13.5 17,450 

0.8 1, 048 4.2 2,676 7.6 4,884 14.0 18,700 
1.0 1,140 4.4 2,779 7.8 5, 053 15.0 21,200 
1.2 1,232 4.6 2;886 8.0 5,225 16.0 23,700 
1.4 1,324 4.8 2,997 8.2 5,408 17.0 26,200 
1.6 1,416 5.0 3,112 8.4 5,616 18.0 28,700 
1.8 1,510 5.2 3, 230 I 8.6 5,850 

I I 

Estimated nwnthly dischm·ge of Ocntulgee River at Macon, Georgia. 

[Drainage area, 2,425 square miles.] 

~Month. Discharge in second-feet. 

Total in acre-
feet. Maxi- Mini· Mean. mum. mum. 

--I 
1897. 

Jan nary ........... 4,4.00 882 1,369 84, 1-80 
February .... __ .... 17,450 1,584 4,2751 237,422 
:March ............. 28,700 1,604 8,877 54-5,825 
April .............. 21,575 1, 604 5,463 325,070 
May ............... : 2, 221 1,269 1, 692 104,040 
June ............... , 2, 206 1, 094 1,732 103,060 
July ........... _ ... , 8,250 781 1,913 117,625 

August -----· ...... 6,120 772 1, 759 : 108, 155 
September ......... 1,416 481 715 42,545 
October ............ I 1,048 442 622 ,38, 245 
November .......... I 2,132 481 780 46,415 . 

- -I Decem her. --- ....... · 1, 361 864 1, 0::>9 l 6o, 116 

The year ..... ; 28, 700 --m 2, 521 · 1, 817, 698 

Rung 
Second· 

Depth in 
inches. 

0.64 
1.83 
4.22 
2.51 
0.81 
0.79 
0. 91 
0.84 
0.32 
0.30 
0.36 
0.51 

14.04 

feet per 
square 
mile. 

0.56 
1. 76 
3.66 
2.25 
0.70 
0.71 
0.79 
0.73 
0.29 
0.26 
0.32 

~I 
~ 
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FIG. 58.-Discharge of Ocmulgee River at Macon, Georgia, 1897. 
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Apalachicola River is formed by the. junction of Chattahoochee and 
Flint rivers at the Florida State line. The drainage basin of the former 
river is somewhat peculiar. It is long and narrow, occupies a central 
portion of the Sta.te of Georgia, and extends in a southwesterly direc
tion. By a glance at the map it is seen that the upper Uhattahoochee 
River flows approximately at right angles to the general direction of 
the rivers of the Altamaha system. The former stream also receives 
the drainage of nearly the entire eastern slope of the Blue Ridge in the 
State, cutting this drainage off from the tributaries in the Altamaha 
Basin. As the result of draining a more mountainous area and one 
which receives a larger yearly precipitation one would expect the Chat
tahoochee to have a larger yearly run-off; and an inspection of the run
off tables for 1896 and 1897 shows that this expectation is realized. 

June 7, 1897, a gaging station was established on Flint River, near 
Molina, Georgia, described in \\Tater-Supply and Irrigation Paper No. 
15, p. 45. A number of important shoals occur along this river. 



234 PROGRESS OF STREAM MEASUREMENTS FOR 1897. 

List of di11cha1·ge. rneas1t1·e1nents of Flint .River at Molina, Georgia. 

Gage Area of Mean veloc- Discharge Meter section Hydrographer. 

1 

2 

3 

4 

5 

6 

7 

Date. 

1897. 
May 21 
June 7 
June 23 
Aug. 25 
Nov. 8 
Dec. 7 

1898. 
Feb. 28 
Apr. 21 
May 28 ljE 

number. 

---· 

B.M. HalL ........ 91 

Mox HalL.---- .... 91 

B. M. HalL .. ~ ..... 91 
MoxRalL ......... 92 
A. P. Davis ...... -- 94 

MoxHalL ..... ---- 92 

----.do------------ 92 
. .... do ... __ ........ 92 

--·-.do---·--------~ 92 

height (square ity (feet per (second 
(feet). feet). second). feet). 

---

1.50 791 0.81 641 
1.75 869 0.815 707 
1. 70 837 0.832 697 
3.30 1,091 2.605 2,843 
1.70 816 0.32 264 
2.10 911 0.645 588 

1. 80 828 0.553 458 
2.00 837 1. 05 

~ 1.25 722 0.43 3 

These discharge measurements were carefully made, and there is no 
doubt that they represent the discharge of the river at the time that 
they were taken .. They show, however, that the discharge at this sta
tion has no fixed relation to the gage height. The alternate accumu
lation and washing out of sediment in an eddy half a mile below 
affected the gage to such an extent as to render worthle~s the records 
of gage height. The station has, therefore, been discontinued. It is 
clearly impossible to construct a curve and rating ta.ble from the dis
charge measurements; but the discharge measurements without refer
ence to gage heights, being wen distributed over a period of twelve 
months, give a fair idea of the flow of the stream. Minimum discharge 
can not be accurately arrived at, but it can be safely asserted that the 
discharge has rarely been less than that shown by mea~mrement No.5. 
The low velocity in this measurement as compared with measurement 
No.3 shows that the gage height of 1.70 was not due to the actual stage 
of the stream, but to obstructions below. 

Sec.-ft. 
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ll 
~ 0 IR· c ~J'lD .o.&.; I -'ill Y.~ .... 

FIG, 59.-Discharge of Flint River at Molina, Georgia, 1897. 
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CHATTAHOOCHEE RIVER. 

A large number of important water-power privileges occur on the 
tributaries as well as on the main Chattahoochee. The most important 
fall occurs near Columbus, where the river descends 120 feet in 4 
miles. A fall of 362 feet from West Point to Columbus, a distance of 34· 
miles, occurs in a number of shoals separated by stretches of compar
atively quiet water. Bull Sluice, 14 miles from Atlanta, Georgia, has a 
fall of 50 feet in about 4 miles; and the Vining Shoal, 8 miles from 
Atlanta, has .a fall of 32 feet in about 4 miles. Elaborate surveys of 
these shoals have been made by companies, with the object of develop
ment and electric transmission to Atlanta. Two gaging stations are 
maintained on Chattahoochee River-one at Oakdale and the other at 
West Point, Georgia. They are described in Water-Supply and Irriga
tion Paper No. 15, pp. 46-4 7. 

Rating table for Chattahoochee River at Oakclale, Gem·gia, jm· 1897. 

Gage Discharge. Gage Discharge. height. height. 

Feet. Second-feet. Feet. Second-feet. 

-0.5 675 2.6 2,702 
-0.4 725 2.8 2,870 
-0.3 775 3.0 3,060 
-0.2 825 3.2 3,275 
-0.1 876 3.4 3,530 

0.0 928 3.6 3,800 
0.1 980 3.8 4,070 
0.2 1, 035 4.0 4,340 
0.4 1,148 4.2 4, 610 
0.6 1,266 4.4 4,880 
0.8 1,388 4.6 5,150 
1.0 1, 515 

I 

4.8 5,420 
1.2 1,647 5.0 5,690 
1.4 1,785 5.2 5,960 
1.6 1,927 5.4 6,230 
1.8 2,075 5.6 6,500 
2.0 2,226 5.8 6,770 
2.2 2,380 6.0 7,040 
2.4 2,540 6.2 7,310 

Gaie 
heig t. Discharge. 

Feet. Second-feet. 

6.4 7,580 
6.6 7,850 
6.8 8,120 
7.0 8,390 
7.2 8,660 
7.4 8,930 
7.6 9,200 
7.8 9,470 
8.0 9,740 
8.2 10,010 
8.4 .. 10, 280 

8.6 10,550 
8.8 10,820 
9.0 11,090 
9.2 11~360 

9.4 11,630 
9.6 11,900 
9.8 12,170 

10.0 12,440 

1 Ga~e 
! ·heig t. 

Feet. 

10.2 
10.4 
10.6 
10.8 

I 11.0 
11.2 
11.4 
11.6 
11.8 
12.0 
12.5 
13.0 
13.5. 
14.0 
14.5 
15.0 
16.0 
17.0 

Di 

-
Se 

•chn<go.l 

condfeet. 

12,710 
12,980 
13,250 
13,520 
13,790 
14,060 
14, 330 
14,600 
14,870 
15, 140 
15,815 
16,490 
17,165 
17,840 
1 .8, 515 I 
19, 190 
20,540 

21,890 I 
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Estimated monthly discha?·ge of Chattahoochee Rit·er at Oakdale, Georgia. 

[Drainage area, 1,560 sq"uaremiles.] 

~Month. 
1897. 

January ........... 
February .......... 
March ............. 
April .... --- ....... 
May ............... 
June ........... -... 

July ...... ·----· ... 
August ...... -----· 
September .... ----. 
October ............ 
November .......... 

~her .......... 
he year .. ___ .. 

10, 000 1-+-t--f-+-1-+-

9, 000 t-+-1--+-+-t-+ 

8, 000 1-+-+-+-+-t-+ 

7, 0001-+-+-f-+-1-+-

Discharge in second-feet. ! 
I 

Maxi· Mini- Mean. mum. mum. 

--- ---

I 
9,065 1, 035 2,575 
6,365 2, 150 3, 734 

15,950 2,075 5,658 
21,890 2,226 5,147 I 
4,475 1,515 2, 130 
1,891 1, 091 1,4381 

15,545 1,177 3,360 
2,965 1,007 1, 452 I 
1,206 725 845 
1,855 675 979 
2,113 876 1,078 
3,013 1, 206 1, 845 

--- ---
21,890 675 2,520 

---
Run-off. 

Total in acre- 1 
Second-feet. 

; Depth in feet per 
inches. square 

I 

mile. 

i 
158,330 1. 90 1. 65 
207,376 2.49 2.39 
347,897 4.19 3.63 
306,270 3.68 3.30 
130,970 1.58 1. 37 
85,567 1. 02 0.92 

206,598 2.48 2.15 
89,280 1. 07 0.93 
50,280 0.60 0.54 
60,226 0.72 0.63 
64,145 0.77 0.69 

113,445 1.36 1.18 

1,820,384 21.86 1. 62 

FIG. 60. -Discharge of Chattahoochee River at Oakdale, Georgia, 1897. 
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The following table gives the list of discharge measuremei1ts on 
Chattahoochee River at West Point, Georgia. The principal facts are 
also shown in the accompanying figure (fig. 61), in which vertical dis
tances represent the height of water on the gage and horizontal 
distances the quantity of discharge. The plotted points obtained by 
measurement are shown by the small circles which are numbered to 
correspond with the figures in the left-hand column of the table. Near 
or through these. is drawn a smooth curve from which the yalues for 
the rating table have been obtained. 

List of discha1·ge n~easurements made on Chattahoochee Ri1!e1·, at West Point, Georgia. 

1 

2 

a3 
4 

b5 

6 

7 

8 

9 

10 
11 

12 
13 
14 

bi5 
c16 

17 
18 
19 

Date. 

1896. 
July 30 
Aug. 14 
Sept. 5 
Sept. 25 
Oct. 28 

1897. 
Jan. 23 
Apr. 26 
May 4 
May 19 
June 5 
June 19 
July 8 
July 23 
Aug. 14 

Sept. 4 
Sept. 22 
Nov. 9 
Nov. 23 
Dec. 17 

G± I 1898. 
Jan. 18 

a Too small. 

Hydrographer. Meter Ga!h' I Area of Moon D=1 No: heig t. section. velocity. ISC arge. 

-=-I· Sq.f"'· 
Feet per 
second. Sec. feet. 

"Max Hall ........ --· 16 2. 45 3, 249 0.748 2, 430 
. .... do .......... --. 16 1. 72 3,077 0.515 1,594 
. ..... do .... -- .... --· 11 1. 20 2,857 0.352 1,006 
..... do ............. 8 1.15 2,792 0.37 1,030 
•.• ... d,o ......... -- .. 11 1. 75 2,883 0.57 1, 642 

B.M.Ha1l .......... 11 6.66 4,597 2.59 11,921 
Max HalL __ ........ 91 3.70 3,855 1. 413 5,448 
..... do .......... --. 11 4.13 4,082 1. 526 6,230 
. _. _ . do .... -- ... -- .. 91 3.00 3, 556 LOO 3,557 
..... do ... -.- .... - .. 14 2.90 3,552 0.915 3,253 

..... do ..... -- .. ---. 91 2.59 3,407 0.861 2, 934" 

. -- .. do ......... ---. 70 3.03 3,562 0.974 3,470 

..... do.·---···-----· 92 5.01 4,339 1.8+ 7,853 

--- .. do ......... -·- -- 92 2.12 3,269 0.588 1, 915 
..... do ......... ---. 92 1. 80 3, 072 0.55 1,690 
. __ .. do ..... - .. -. --. 92 1.20 2,790 0.353 985 
A. P. Davis ......... 94 

I 

1.71 3, 135 0.43 1, 345 
Max Hall .. ____ .. _ .. 92 1.60 2,969 0.45 1,322 

. __ •. do ............. 92. 3.14 3, 760 1. 06 3,989 

.. __ . do .... _- ....... 92 2.45 3, 3531 0.79 2, 648 1 

b The same as No.2. cThe same as No.3. 
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Feet. 
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FIG. 61.-Rating curve for West Point station on Chattahoochee River, Georgia. 

Rating tablefm· Chattahoochee Rive1' at West Point, Geo1'gia, for 1897. 

0 
0 
0 
cQ 
...... 

Gage In· h Ga~e 
'I 

Gage _:obMgel height. ISC arge. heig t. Discharge. I h~i~~et. Discharge. . height. 

---

Feet. Second-feet. Feet. Second·feet. Feet. Second-feet. Feet. Second-feet. 

1.0 860 3.6 4,928 6.2 10,85"6 8.8 16,784 

1.2 995 3.8 5,384 6.4 11,312 9.0 17,240 

1.4 1, 150 4.0 5,840 6.6 11,768 9.5 18,380 

1.6 1,325 4.2 6,296 6.8 12,224 10.0 19,520 

1.8 1,520 4.4 6,752 7.0 12,680 10.5 20,660 

2.0 1,750 4.6 7,208 7.2 13,136 11.0 21,800 

2.2 2,020 4.8 7,664 7.4 13,592 11.5 22,940 

2.4 2,330 5.0 8, 120 7.6 14,048 12.0 2-1,080 

2.6 2,680 5.2 8,576 7.8 14,504 12.5 25,220 
I 

2.8 3,105 5.4 9,032 8.0 14,960 13.0 26,360 

3.0 3,560 5.6 9,488 8.2 15,416 13.5 27,500 

lE_ 4,016 5.8 9,944 8.4 15,872 14.0 28,640 

4,472 6.0 10,400 8.6 16,328 4 
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Estimated monthly dischg.1·ge of Chattahoochee Rivm· at West Point, Georg~a. 

[Drainage area, 3,300 square miles.] 

I Discharge in second-feet. Run-off. I Month. Total in acre- Second-

I 

1\faxi- Mini· feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

------ ----
1897. 

January ........... 15,416 1, 630 4, 246 261,076 1.49 1.29 
February .......... 13,592 3,902 8, 468 470,290 2.68 2.57 
March .. ___ .. _ .... _ . 28; 868 4, 700 13,000 799,340 4.55 3.94 
ApriL. ____ . _. _____ . 21,800 4, 928 9, 241 549,878 3.12 2.80 
May .. ____ ..... _ ... 5,840 2, 782 4, 060 249,640 1.42 1.23 

June ... --·· ........ 3, 446 1, 630 2, 662 158,400 0.90 0.81 

July ..... ·----· .... 22,712 1, 520 5,038 309,775 1. 76 1.53 
August .. __ ......... 15, 188 1, 630 4, 213 259,050 1. 48 1.28 
September ......... 1,520 925 1,112 66,170 0.38 0.34 
October . ____ .. _. _ .. 3,560 830 1, 277 78,520 0.45 0.39 
November .......... 2, 782 892 1, 431 85,150 o.48 I . 0.43 

I 

December .......... 6,524 2,33.0 3, 732 229,470 1. 30 1.13 
------ ----

The year ..... 28,868 830 4, 875 3,516,758 20.01 1.48 

20, 000 ~-t--+-+--t--1Ht ...... -HI+-t-lf-+-l--t--+-+-li-+-l--+--+-+-1-4-t--t--+-+-ll-+-l--+-+-l--f 

18, 000 H-t-t--t--t-lt-tt.--Htt-HH-t--t--t-t-IH--1--t-+-+-HH--+--+-HH-+++-H 

16, 000 ~-+-+-+--t--1Ht..,rHtt-t-f-+-l--t--+-+-li-+ ...... -+--+-+-1-4-t--t--+-+-ll-+-l--+-+-l--f 

14, 000 1-t--iii-+-+-+--J.--. 

12, 000 1-t-111---HH++--....... 

FIG. 62.-Discharge of Chattahoochee River at West Point, Georgia, 1897 
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List of miscellaneous dischar!Je measm·ements, Apalachicola Basin. 

F 1
Meter

1 

I Mean J . 
Date Stream. Localib'. 'nmn- G_a,!!e ,Are~ of ,-eloc- DIS· 

• " 1 ber height. sectiOn. "t \ charge. 
' • ' ' 1 y. 

:----1--------1---------1--___ I __ --- .~-

1 'i j Feet per
1 

Us97. . . I Feet. I Sq.feet. second. i Sec.-feet. 
Ma.v 21 Fhnt RIV·er ........ Woodbury, Ga........ 91 / 1.50 881 0.73, 642 

May 24 Peachtree Creek ... Near Atlanta, Ga ..... : 91 1 0.20 J 36 1.56 56 

M·~."J~;.;;!:;;~;;;~·:::: -~··~:~·h ::::: ::::::1: ::::::: :::r::::: :: ':_, 
June 11 FlintlUver ........ Reynold~!, Ga......... 14\ 0.95 1,332 1.36 810 

J nne 12 Sweetwater Creek. Near Austell, Ga . . . . . 91 j 1. 00 j 138 92 

June 23 Red Oak Creek .... Near Molina, Ga...... 91 : ........ 
1 

87 101 

June 30 , Peachtree Creek ... Kear Atlanta, Ga..... 14 : 0. 00 35 40 

July 291 Chestatee River . . . Near Dahlonega, Ga . . 92 i 1. 10 2:!5 1

1 

236 
July 30 YahoolaDitch ...•. AtDahlonega,Ga .... 92 ........ 8.2 10.3 

Do ... 
1 

CaneCreek ........ NearDahlonega.Ga .. 
1 

92 i·-······r 19.4 H 
July 31 I YahoolaCreek ..... Atmouth ............. 

1 

92 ..... 

1 

22.7 48 

Do ... Chattahoochee NearGaincl!ville,Ga .. i 92 1.00 275 2. 93 810 

Sept. 11 

Sept. 22 
Sept. 24 
Sept. 30 

Oct 5 

River. J • 

Sweetwater Creek. Near Au~tell, Ga...... 92 II 0. 43 108 

Peachtree Creek ... Near Atlanta, Ga ..... 1 70 -0.40 13 

Rottonwood Creek. Near Vining, Ga .... ··1···· ......... . 
Sweetwater Creek. NearAustell,Ga...... 92 I 0.43 114 

Chattahoochee Columbus,Ga ......... 

1 

70 1 
...•••••• 756 

River. . I 
Oct. 6 Warm Spring ...... WarmSprings,Ga.a .. 70 ..... .•. 1. 9 

Do... Cold Spring . . . . . . . Bulloch ville, Ga. a . . . . 70 

Nov. 12 Chattahoochee Roswell,Ga........... 92 

92 

70 

3.1 

0.42 994 

0. 46 l. 005 

0. 43 34 

0. 29 32 

1. 04 13 

2. 00 4 

0. 31 35 

l. 34 1,015 

2. 21 4. 2 

1. 45 4_. 5 

0. 88 876 

0. 96 968 

1. 28 44 

a These springs, as stated by B. M. Hall, are rather remarkable for a crystalline or semi crystalline 
region. The iirst is evidently due to a deep fissure in the original gneiss formation. The water comes 
into the bathing pool at a temperature of 87!° F., but the temperature is supposed to be 90° where the 
water enters the underground reservoir. Tlle cold Rpring, which llas a temperature of 62D F., is on 
the opposite side of the ridge and_ issues from an immense ledge of itocolumite. This spring would be 
an e-s:cellent site for a pa~er mill or some other manufacturing concern requiring a large supply of 
clear, pure water and a nigh healthy location. 

From these and similar measurements made in 1896, published in the 
Eighteenth A.nuual Report, Part IV, p. 92, Prof. B. M. Hall estimates· 
that the following relations hold good at low water: The discllarge 
of the Chattahoochee at Columbus ma.y be approximated by adding 18 
per cent to its disc'4arge at West Point. The discharge of Sweetwater 
Creek at the.mouth represents about one-twentieth of the di£charge of 
Chattahoochee River at Oakdale, while that of Peachtree Creek repre
sents about one-thirtieth of that amount. It also appears that the dis
charge of the Chattahoochee at Shallow Ford near Gainesville is, 
approximately, one-half of its discharge at Oakdale. The Chestatee 
contributes 20 per cent of the flow of the Chattahoochee at Oakdale, 
while 30 per cent of the latter comes from tributaries entering below 
the mouth of the Obestatee. 
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COOSA RIVER. 

Crossing the nortli.western boundary of the Chattahoochee water
shed, one enters a country drained by the tributaries of Coosa River, 
which is formed by the junction at Rome, Georgia, of Etowah and 
Oostanaula rivers. Wherever the streams cross what is known as the 
western or Cartersville fall line, falls of cons,iderable magnitude occur. 
This line marks the boundary between the crystalline rocks on the east 
and the later rocks of Paleozoic age on the west. It runs southerly 
through the extreme eastern edge of Murray, Gordon, and Bartow 
counties, Georgia, crossing Etowah River at Cartersville. From Car
tersville this fall line gradually bends southwestward into Polk County, 
where its course is westward, passing into .Alabama. Coosawattee River 
crosses this fall line at Carters. 'l'he gaging stations on this river or its 
tributaries in the State of Georgia are Canton station on Etowah River, 
Carters station on Coosawattee Rivet, and Resaca station on Oostanaula 
River. They are described in Water-Supply and Irrigation Paper No. 
15, pp. 48-50, inclusive. The Survey gaging station, on the main Coosa 
River, is located at Riverside, Alabama, and is described in Water
Supply and Irrigation Paper No. 15, p. 51. 

The Engineer Corps of the Army maintained gage readings at Lock 
No.4, on Coosa River 3 miles above Riverside. 

Although a number of measurements have been made in 1896, 1897, 
and 1898 which serve to establish a relation between the gages at 
Riverside and at Lock No. 4, the results have as yet not warranted the 
construction of a rating table for the latter station. 

At Lock No.5, 20 miles below the station at Riverside, the United 
States Engineer Corps have maintai-ned gage readings since 1892. 
Also from their discharge measurements of 1893 a rating curve has 
been constructed and published in the Eighteenth Annual Report, 
Part IV, . p. 102. It was the intention to test this rating curve in 
1897 by a number of discharge measurements, but owmg to the rigid 
enforcement of the Alabama quarantine laws in 1897 this could not be 
done. The stations at Lock No.4 and Lock No.5 are described in 
Water-Supply and Irrigation Paper No. 15, p. 51. 

The shoals at Wetumpka are caused by the river crossing the south
ern fall line, which is the continuation of the one forming the principal 
powers of the streams of the .Atlantic Coast States above described. 
The gaging station at this point is described in Water-Supply and 
Irrigation Paper No. 15, p. 54. The Engineer Corps have gage read
ings at this point since 1889 and from their discharge measurements. 
made in 1891 a rating table has been made, but it will not be applied 
until its accuracy can be verified by future discharge measurements. 
This could not be done in 1897 on account of the Alabama quarantine. 

19 GEOL, PT 4--16 
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Rating table for Etowah River at Canton, Georgia, for1897. 

I Gago height. 

Discharge. DloohMge. ~ 
Jan. 1 to Oct. 11 to 

Gage height. 
Jan.l to Oct. 11 to 

I 

Oct.lO. Dec. 31. Oct.lO. Dec.31. 

-
Feet. Second;/eet. Second;/eet. Feet. Second-feet. Second-feet. 

-0.7 244 :• ---·. ·----· 2.0 2,150 1,981 
-0.6 284 ................................. 2.2 2, 316 2,155 
-0.5 344 .................. ------ 2.4 2,482 . 2, 329 

-0.4 405 i 2.6 2,648 2,503 , ............. 
-0.3 467 

I 
........................... 2.8 2,814 2,677 

-0.2 530 I 3. 0 2,980 2,851 ------·-----· 
-0.1 593 . - ... -- ....... --- ..... 3.5 3,395 . -... -- ............ --

0.0 657 275 4.0 3, 810· ·----·- ------
0.2 788 415 4.5 4,225 ........ -- ......... --- .. 

0.4 922 589 5.0 4,640 ......... -........... - ... --. 
0.6 1,059 763 6.0 5,47~ ........ -.... - ..... - ........ 

0.8 1,200 937 7.0 6,300 I ............................... 

1.0 1,347 1, 111 8.0 7, 130 ................................. 

1.2 1,498 1,285 9.0 7,960 ...... -- -. -- ............. 

1.4 1,655 1,459 10.0 8,790 ---- -........... -- .. 

1.6 1,818 1, 633 11.0 9,620 -----. ------·I 
1.8 1,984 1,807 __j 
Estimated monthly discharge of Etowah Ri1Jer at Canton, Georgia. 

[Drainage area, 604 square miles.] 

Discharge in second-feet. Rung 
Month. Total in acre- Second-feet. Maxi- :Mini- Mean. Depth in feet per 

mum. mum. inches. square 
mile. 

---
1897. 

January ............ 3,478 593 1, 194 73,420 2.28 1.98 
February . ----- .......... 2,316 1,059 1,291 71,700 2.23 2.14 
March ............. 6,466 1, 059 2,335 143,574 4.45 3.86 
April .............. 9,786 1, 200 2,238 133, 170 4.14 3.71 
l\fay ......... -....... -- - -........ 2,150 722 1,036 63,700 1.98 1. 72 
June ............... 2,980 657 941 55,995 1.74 1.56 
July ............... 6,383 657 1,186 72,925 2.26 1.96 
August ............. 1,347 405 859 52,817 1.64 1. 42 

I 1,200 284 355 21,124 "0.65 0.59 September ........ ~ \ 
October ..•......••. , 1,285 244 583 35,848 1.12 0.97 

November---------- 937 335 563 33,501 1. 07 0.96 

December .... ·----- 1, 981 676 934 
i 

57,430 1. 79 I 1.55 

I The year ....• 9,786 244 
--I 

815,2041 25.351 1.87 1, 134 ~ 
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Sec.-ft. 
12,000 H+++--HH--+-+-+-+-H-+-++-+-H-+--+-+-+-HH-+-t-+-HH-+-t-+-t 

FIG. 63.-Discharge of Etowah Rivt~i at Canton, Georgia, 1897. 

Rating table for Coosa1oattee River at Carters, Georgia, for 1897. 

Gage I D;ooharge.: Ga~ Discharge. height. heig t. 
Ga.ge 

height. Discharge. Ga~ heig t. Discharge. 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

0.6 219 1.8 674 3.4 1, 568 5.0 2,560 
0.7 250 I 2.0 771 3.6 1, 692 5.2 2,684 
0.8 284 2.2 I 872 3.8 1, 816 5.4 2, 808 I 
0.9 318 2.4 977 4.0 1, 940 5.6 2, 932 

1.0 353 2.6 1,086 4.2 2,064 5.8 3, 056 
1.2 423 2.8 1,201 4.4 2, 188 6.0 3,180 
1.4 499 3.0 1,320 4.6 2, 312 7.0 3,800 

1.6 583 3.2 1,444 4.8 2, 436 8.0 4,420 
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Estintated monthly discharge of Ooosawattee River at Oarter8, Georgia. 

[Drainage area, 532 square miles.] 

---
Discharge in second-feet. Run-off. 

Month. Total in acre- Second-

I I 
feet. Maxi- Mini- Mean. Depth in feet per 

mum. mum. inches. square 
mile. 

I __ l __ j I ---I 

I ! I I 1896. 
I August 17-31. ...... 337 283 314 9,342 0.33 0.59 

September ......... 512 200 262 15,590 0.55 0.49 
October ............ 431 215 295 18, 138 0.63 0.55 I 

November ....... _ .. 3,740 296 5981 35,583 1. 25 1.12 
December .......... 1,031 475 684 42,058 1. 49 1. 29 

I 

1897. 
.January 0 0 0 .. 0 0 ... 0 2,033 405 710 43,656 1. 53 1. 33 
February .. -- .... -- .. - 3,~00 499 1,092 60,645 2.14 2.05 
March 1-11,15-31000 5,660 698 2,178 120,960 4.27 4.10 
April 6-30 .... 0 . ___ 0 

2,870 I 1,320 1,846 91,538 3.22 i 3.47 
Ma~~ 0 .... 0 .. 0 .. __ . 0 1, 940 674 959 58,965 2.08 1.80 
June 0000 ...... 0000. 1,143 499 633 37,666 1. 33 1.19 
.July o····o····ooooo 5,600 460 787 48,390 1.71 1. 48 
Augnst ... __ 0 ... __ .. 1, 630 284 496 30,498 1. 07 0.93 
September ......... 353 219 259 15,412 0.55 0.49 
October ......... _ .. 

1·:~ I 
205 293 18,015 0.63 0.55 

November ..... ____ . 2191 263 15,650 0.551 0.49 
I 

December·----- .... 1,630 265' 444 27,300 0.95 0.83 
I I 

Sec.oft 

5, oooi---4-+-+-+--+-~H-4-+-++-HH-4++-H-+-++-t-t-H-t-+-t-t-H-+-t-t 

3, 000 H-+-+-+--K-+-

FIG. 64.-Discharge of Coosawattee River at Carters, Georgia, 1896 and 1897. 
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Rating tablejo1· Oostanaula Rivm· at Resaca, Georgia. 

[This table is applicable from July, 1896, to December 31, 1897.] 

Ga!}.e 
heig t. Discharge. Ga~ 

heig t. Discharge. Gage 
height. Discharge. Ga~ 

heig t. 'n;,.h,.ge.l 
Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

1.0 350 2.8 1,134 4.6 2, 510 6.4 4-,040 
1.2 408 3.0 1,250 4.8 2,680 6.6 4, 210 
1.4 475 3.2 1, 377 5.0 2,850 6.8 4, 380 
1.6 552 3.4 1,514 5.2 3,020 7.0 4, 550 
1.8 637 3.6 1,665 5.4 3,190 7.2 4, 720 
2.0 727 3.8 1,8p0 5.6 3,360 7.4 4, 890 
2.2 822 4.0 2,000 5.8 3,530 7.6 5,060 

~ 
921 4.2 2, 170 6.0 3,700 7.8 5, 230 

1,025 4.4 2,340 6.2 3, 870 8:0 5, 400 6 

Estimnted monthly (lischarge of Oostanauln Ri·1;m· at Resaca, Oeorgia. 

[Drainage area, 1,527 square miles.] 

~Month 
Discharge in second-feet. Run~ 

Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 
I ------

1897. 
January ........... 6,760 822 2,097 128,940 1. 58 1.37 
February 5-22 •..... 6,930 2,425 4,055 144,900 1. 78 2.65 
March (a) .......... .................. ... ... -- ......... - --- ... - .. -- --- .. -..... - ......... - . - ... -- ....... -..... -- .... -.. 

April 11-30 ......... 5,915 2,255 3,552 140,906 1. 73 2.32 
May ............... 6,040 1,344 2,340 143,880 1.76 1. 53 
June ............... 2,212 846 1,198 71,285 0.87 0.78 
July ............... 8,600 798 2,004 123,220 1.51 1. 31 
August ............. 2,000 594 969 59,581 0.72 0.63 
September ......... 871 350 479 28,503 O.R5 0.31 
Octo her ............ 1,250 338 506 31,112 0.38 0.33 
~ber. _________ 871 475 551 32,786 0.41 0.36 

mber .......... 6,460 575 2,233 137,300 1. 68 1. 46 

a The discharge through March was beyond the limits of the present rating table, and the flow could 
not, therefore, be estimated. 
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Sec.-ft. 
12, 000 1--1--1--4-~-l-

4,000 

3,000 

2, 000 

1, 000 

0 

FIG. 65.-Discharge of Oostanaula River·at Resaca, Georgia, 1897. 

The following table gives the list of discharge measurements made on 
Coosa River at Riverside, Alabama. The principal facts are also shown 
in the accompanying figure (fig. 67), in which vertical distances repre
sent the height of water on the gage and horizontal distances the 
quantity of discharge. The plotted points, obtained by measurem~nt, 

FIG. 66.-Map of Coosa River near Riverside, Alabama. 

are shown by the small circles, which are numbered to correspond with 
the figures in the left-band column of the table. Near or through these 
is drawn a smooth curve, from which the values for the rating table 
have been obtained. 
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List of dischat·ge measurernen.ts made·on Coosa River at Riverside, Alabama. 

Date. Hydrographer. 

1896. 
ept. 8 B. M. HalL ........ 
ept. 25 Max Hall ......... 

1 s 
a2 S 

3 0 
4 D 

ct. 30 I B. M. HalL __ ...... 
21 I ____ .do ____ .... __ .. ec. 

1897. 
ar. 31 

une 17 
5 M 
6 J 
7 J 
8 A 

uly 21 
ug. 20 

l± 
ov. 29 
1898. 
an. 28 

: .... do---- ........ 
Max Hall ... __ .. __ 

..... do __ ---- ...... 

••... do ..•• ------ .. 
••... do ..•... ---- .. 

..... do ..••.. ---- .. 

Meter 
num-
ber. 

--

8 
11 
8 
8 

91 
11 
92 
70 
92 

92 

Ga~ Area of M~ D=1 heig t; section. velocity. lSC arge. 

Feet per Second-
Feet. Sq.feet. second. feet. 
0.70 2,520 0.65 1,630 
0.50 2,426 0.58 1,403 
0.88 2,605 0.76 

I 
1,986 

1.57 2,867 1.14 3, 272 

4.53 4,544 2.53 12,515 
1.54 2,990 1. 25 3,747 
5.55 5,351 3.16 16,925 
2.58 3, 704 1. 67 6, 174 
0.80 2,619 0.71 1,854 

30,359 1 10.00 7,378 4.11 

a The same as No. 1. b The same as No.3. 

Feet. 
10 

8 

6 

4 

2 

0 

I 

/ 
/ 

v .. 

/ 

. / v ~7 
y v 

./ 

:1 P<s6 ... 

... 
c::!g 0 0 0 0 0 0 0 . . .. o 0 

0 0 0 g 0 0 0 0 0 •.o 0 0 0 0 0 0 0 0 

JjCff .:;; en- ~- ~ ~ ...... ..; . .,.: 6 
C'l ~ ~ <Q 

FIG. 67 .-Rating curve for Riverside station on Coosa River,· .A.l.a.bama. 

_/ 
10 

g 
0 

cO 
<Q 
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Rating table for Coosa River at RiL·erside, Alabama, for 1897. 

I Dlooh,rge. 

I 

GaO'e Gage Discharge. · height. height. 

Feet. j Second-feet. Feet. Second-feet. 

0.4 1,.3il0 1.4 3,070 

Gage i • ·~: Ga2:e . / 
height. D1scharge.l height. .. D1scharge. I 

-----i------1 
Feet. Second-feet. : Feet. Second-feet.! 

3 0 ! 7, 530 7. 0 20,566 
I I 

0.5 1,400 1.6 3,540 
I 

0.6 1,500 1.8 4,020 

0.7 1,650 2.0 4,520 I 
I 

0.8 1,820 ~.2 5,100 

3.2 8, 178 I 8.0 23!826 
3.4 8,830 9.0 27,086 
3.6 9,482 

I 
10.0 30,346 

3.8 10,134 11.0 33,606 
0.9 2,010 2.4 5,700 

I 

1.0 2,210 2.6 6,300 
I 

1.2 2,630 2.8 6,910 I 

I 

4.0 10,786 
I 

12.0 36,866 
5.0 14,046 I 13.0 40, 126 
6.0 17,306 I 14.0 43,386 

Estirnated monthly discharge of Coosa River at Rivm·side, Alabama. 

[Drainage area, 6,850 squarcmiles.] 

~ Mon~. 
~---

Discharge in second-feet. 

I Total in acre-
feet. 

Run-f ~ 
~I 

Depth in i Maxi- Mini- Mflan. mum. mum. 

---

1897. 
January ............ 21,707 2,420 8,434 
February ....... _ ... 27,086 : 4,520 18,658 

March .... ·----· .... 47,624 , H>, 460 32,481 

April. ...... ·----· .. 37,355 , 5,,100 17, 698 
May ................ 

1 

10,7861 4,270 7,040 
J one ______ - - _______ 

1 

4, 950 
1 3,070 3, 915 

July ............... 23,826; 3,070 7,142 
August ............. 1 6, 3CO ~ 2,850 3,870 
September - ____ - - - - 1 3, 540 I 1, 440 I 1, 976 
October .. ___ ....... 1 3, 660 1, 350 : 1,819 
November ...... ---- 2, 525 1 1, 570 1, 786 I December __ __ __ __ __ 13, 88311, 820 1 6, 566 

The year ..... 47,624 1,350 9,282 

518,590 
1, 036,230 
1, 997,180 
1,053,105 

432,875 
232,960 
439,145 

237, 96o I 
117,580 
111,845 
106,275 
403,730 

6, 687,475 i 

inches. I 
I 
I 

1. 421 
2.83 
5.47 
2.87 
1.19 
0.63 
1. 20 
0.64 
0.32 
0.31 
0.29 
1.10 

feet per 
square 

mile. 

1. 23 
2.72 
4.74 
2.58 
1. 03 
0.57 
1. 04 
0.56 
0.29 
0.27 
0.26 

1-~I 
~ 

18.27 
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FIG. 68.-Discharge of Coosa River at Riverside, Alabama, 1897. 

TALLAPOOSA RIVER. 

This river joins the Coosa to form Alabama River at a short distance 
above Montgomery, Alabama. Its upper tributary drains an area 
between the Chattahoochee and Coosa basins. At Tallassee, Alabama, 
where it crosses the southern fall line, shoals occur, forming an obstruc
tion to navigation, and giving a 60-foot head, of the whole river, on 
the wheels of the new Tallassee cotton mills, now nearing completion. 
A gaging station was established at Milstead on August 7, 1897, and 
is described in Water-Supply and Irrigation Paper No. 15, p. 56. 

Rating table for Tallapoosa River at Milstead, Alabama, for 1897. 

Gag-e Discharge. Ga!te Discharge. height. heig t. 

Feet. Second-feet. Feet. Second-feet. 

0.5 330 1.5 1,070 
0.6 350 1.6 1,200 
0.7 380 1.7 1,333 
0.8 420 1.8 1,467 
0.9 470 1.9 1,600 
1.0 530 2.0 1,733 
1.1 620 2.2 2,007 
1.2 720 2.4 2,285 

~ 
830 2.6 2,573 
950 

I 
2.8 2,851 4 

Ga~e 
h_eig t. Discharge., 

----
Feet. Second-feet. 

3.0 3,129 
3.2 3,407 
3.4 3,685 
3.6 3,963 
3.8 4,241 
4.0 4,519 
4.2 4,797 
4.4 5,075 
4.6 5,:153 
4.8 5, 631 

I 
! 

Ga'"' I D height. 

Feet. 

5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
7.0 
8.0 
9.0 

I 
I 

I 

i 

Se cond-jeet. 

5,909 
6,187 
6,465 
6, 743 
7,021 
7,299 
8,689 

10,079 

u. 469 I 
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Estimated monthly discharge of Tallapoosa Rivm· at Milstead, .Alabama. 

[Drainage area, 3,840 square miles.] 

~Month 
Discharge in second-feet. Jlnn-~ 

------
Total in acre- Second-

Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

---
1897. 

August 7-31 ........ 12,440 1,070 3, 173"'-. 157,340 0.77 0.83 
September ... ____ .. 1,467 420 742 44, 155 0.21 0.19 
October ............ 470 380 424 26,070 0.12 0.11 
November .......... 1,200 470 729 43,379 0.21 

~ December .... _ ..... 6,604 1,070 2, 214; 136, 135 0.67 8 

Sec.-ft 
12,00 0 

11,00 0 

10,000 

9,00 0 . 

8,00 0 

• 7, 00 0 

. 6, 00 0 

5, 00 0 

4, 00 0 

3, 00 0 

2, 00 0 

1,po 0 

v 
FIG. 69.-Discharge of Tallapoosa River at Milstead, Alabama, 1897. 

BLACK WARRIOR RIVER. 

This river is a tributary of Tombigbee River, which joins Alabama 
. River to form the Mobile, the name of the stream when it enters the 
Gulf of Me.xico and also the name of the basin. A gaging station is 
located at Tuscaloosa, Alabama, and described in Water-Supply and 
Irrigation Paper No. 15, p. 57. The Engineer Corps has a contin
uous record of gage heights from 1889. During 1895 and 1896 a num
ber of discharge measurements were also made, from which a rating 
table was obtained. The diagrams of daily discharge from 1889 to 
1896 are published in the Eighteenth Annual Report, Part IV, pp. 
105-108, inclusive, with the monthly discharges for 1895 anrl1896. 
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Rating table for Black Warrior River at Tttscaloosa, Alabama, for 1897. 

I 

Ga!te 
heig t. Discharge. Ga~ 

heig t. Discharge. 

Feet. Second-feet. Feet. Second-feet. 

-2.0 88 1.0 600 
-1.8 92 2.0 1,000 
..;_1.6 100 3.0 1,470 
-1.4 110 4.0 2,000 
-1.2 120 6.0 3,110 
-1.0 130 8.0 4,220 
-0.8 150 10.0 5,330 
-0.6 175 12.0 6,440 
-0.4 205 I 14.0 7,550 

·~ 240 16.0 8,660 
0.0 280 18.0 9,770 

I _I 

Ga~e 
heig t. Discharge. 

Feet. Second-feet. 

20.0 10,880 
22.0 12,500 
24.0 14,700 
26.0 17,(?00 
28.0 21,•500 
30.0 26,500 
32.0 . 31,700 

34.0 38,000 
36.0 45,~000 .. -

I 38.0 ; 53,000 
I 

40.0, 61,000 
I 

Ga!te 
heig t. 

Feet. 

42.0 
44.0 
46.0 
48.0 
50.0 
52.0 
54.0 
55.0 

Di 

-

Se cond-feet. 

69,000 
77,000 
85,000 
93,000 
01,000 
09,000 
17,000 
21,000 

1 
1 
1 
1 

_j 
Estirnatecl nwnthly discharge of Black Wa1Tior River at Tuscaloosa, Alabama. 

[Drainage area, 4,900 square miles.] 

~Month. Discharge in second-feet. Rung 
Total in acre- Second-

Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

---
1897. 

January ........... 10,500 385 3,493 214,775 0.82 0.71 
:F'ebruary .......... 17,440 1,945 8,409 467,010 1. 79 1.72 
March ............. 120,080 4,540 52,883 3,251,650 12.44 10.79 
April ·----·-------· 25,285 2,610 9,657 574,630 2.20 1.97 
May ............... · 11,195 1,000 3,600 221,355 0.84 0.73 
June ............... 1,697 260 715 42,545 0.17 0. 15 
July ............... 7,810 240 1,809 111,230 0.43 0.37 
August ............. 1, 595 355 701 43,100 0.16 0.14 
Septen1ber ......... 600 102 295 17,555 0.07 0.06 
October ............ 102 90 93 5,718 0.02 0.02 
November .......... 125 I 107 115 6,843 0.03 0.02 

I December .......... 29,000 115 5, 549 341,195 
1.30 =§ --- ---

20.27 ,_ 1.48 he year ....... 120,080 90 7,277 5,297,606 
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Sec. -ft. 
120, 4)00 

110, 000 

100, 000 

90, 000 

80, 000 

70, 000 

60, 000 

50, 000 

40, 000 

30, "'" vvv 

20, 000 

~~ 10, .. 
vv• 

Ll ... Jl 11~ ... 
FIG. 70.-Discbarge of Black Warrior River at Tuscaloosa, Alabama, 1897. 

List of miscellaneous discharge measurements, Mobile Basin. 

F
.....,---------.------------------

!Meter. I Mean 1 
Date Stream. Locality. num Gage Area of veloc I Dis-

--- ----'l--------l---------l-b_e_r._-
1
_b_e_i-gb-t. section. ity.- charge. 

1897. 
May 7 

Do ... 
May 24 
June 23 
June 28 
Aug. 20 

Etowah River ..... \ Rome, Georgia (a)_._ •. 
Oostanaula River .. Rome, Georgia(b) •.... 
Talking Rock Creek Carters, Georgia ... _ .. 
Sallacoa Creek ... _ . Near mouth ....... _ .. 

Talking Itock Creek Near Carters, Georgia 
East Long Swamp Marble Hill, Georgia _ 

Creek. 

I 

Feet. I' Sq.jeet.,.~::!~~~~ Sec.-feet. 
11 2. 90 1, 055 I 2. 47 2, 604 

u 2. 75 1,170 

1

. 1. 751 2, 042 

16 ··-···-·· 75 1.57 117 
161........ 84 o.40 1 34 

16 I·....... 45 1. 25 I 56 
92 14, 1. 09 : 15 

I 

Sept. 23 Sallacoa Creek .•... Resaca, Georgia....... 16 27 0. 81 I 22 
Sept. 27 Talking Rock Creek Near Carters, Georgia 16 14 1. 67 i 23 
Oct. 5 Etowah River . . . . . Rome, Georgia{a)..... 92 536 0. 96

1

1 517 
Do ... OostanaulaRiver .. Rome,Georgia(b) •..•. 92 -0.15

1 

758 0.65 473 
Oct. 15 East Long Swamp Marble Hill, Georgia _ 92 . .. . . . . . 12 0. 97 , 11 

Creek. I 

1898. I 
J 23 Big Long Swamp Near Ball Ground, ...... ........ ........ ........ ;JO 

Creek. , Georgia. 

5 I Am~calola Creek ... ~ At mouth ......................................... ··I_ 112 

a Made from Second avenue bridge. b Made from Fifth avenue bridge. 

I 
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F1·om the miscellaneous measurements made during 1897 and the 
preceding year, published in the Eighteenth Aimual Report, Part IV, 
p. 108, the following conclusions have been reached by Prof. B. M. Hall: 
To. find the approximate discharge at low water of the Etowah at 
Rome, multiply its discharge at Canton by 2.3. Of the discharge at 
the latter point, about 11 per cent is derived from Long Swamp Creek 
and 22 per cent from Amicalola Creek. There seems to be no fixed rela
tion between the discharges of Oostanaula River at Resaca and at 
Rome. At low water the discharge of the river at the former station is 
composed as follows: 53 per cent of the flow comes from Coosawattee 
River, 7 per cent from Talking Rock Creek, 28 per cent from Connasauga 
River, and 12 per cent from Sallacoa Creek and other tributaries enter
ing below Carters. 

OHIO BASIN. 

Ohio Basin comprises the subbasins of Great Kanawha and Tennes
see rivers in which hydrographic work was done in 1897. 

GREENBRIER RIVER. 

Two gaging stations have been maintained in the Great Kanawha 
Basin, one on the Greenbrier River at Alderson, West Virginia, described 
in Water-Supply and Irrigation Paper No. 15, p. 58, and the other 
some distance below on the main New River at Fayette, West Virginia, 
described in Water-Supply and Irrigation Paper No. 15, p. 59. 

Rating tablejo1· Oreenbrier River at Alderson, West Virginia, jo1· 1897. 

Ga~ 
heig t. Discharge. Ga!t_e 

heig t. Discharge. 

Feet. Second-feet. Feet. Second-feet. 

1.3 45 3.0 1,900 
1.4 70 3.2 2,330 
1.5 115 3.4 2,770 
1.6 185 3.6 3,240 
1.7 275 3.8 3,720 
1.8 365 

I 
4.0 4,200 

1.9 460 4.2 4,680 
2.0 550 4.4 5,160 
2.2 745 4.6 5,660 
2.4 975 

I 
4.8 6,180 

~ 
1,230 5.0 6,700 

2.8 1,540 
I 

5.2 7,220 
I 

Ga~e 
heig t. Discharge. 

Feet. Second-feet. 

5.4 7,740 
5.6 8, 300 

I 5.8 8,900 
6.0 9,500 
6.2 10,100 

I 
6.4 10,700 
6.6 11,300 
6.8 11,900 
7.0 12,500 
7.5 14,000 
8.0 15,600 
8.5 17,300 

i Ga e 
; heigtt. 

---

.Feet. 

. 9.0 
9.5 

10.0 
·10.5 
11.0 
12.0 
13.0 
14.0 

I 15.0 

I 
1o.o 

I 

17.0 

I 

I 

Di 

-
oohacg•·l 

Fie cond-feet. 

19, 000 
20,700 
22,500 
24, 4oo 
26,500 
31,200 
36,200 
41,200 
46,200 
51,200 

56,200 I 
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Esti1nated monthly discharge of Greenbritn• .River at Alderson, West Virginia. 

[Drainage area, 1,344 square miles.] 

~Montb. 
Discharge in second-feet. Run·off. I 

Total in acre- Second- I 
'feet. Maxi- Mini- Mean. Depth in feet per 

mum. mum. inches. square 
mile. 

---

1897. 
January ~ ........... 1,620 505 903 55,520 0.77 0.67 

Fepruary .......... 55,850 550 7, 743 430,024 6.00 5.76 

_March ·------ ------ 11, 750 1,460 4,140 254,560 3.56 3.08 

April. .............. 6, 310 745 2,197 130,730 1.82 1. 63 

May .............. _. 32,200 745 3,992 245,459 3.43 2.97 

June ............... 1,900 550 1,046 62,240 0.87 0.78 

July ............... 6,310 595 2,123 130,540 1. 82 1.58 

August ............. 1,035 230 489 30,068 0.41 0.36 

September ......... 185 55 98 5,831 0.08 0.07 

October ............ 145 55 92 5,657 0.08 0.07 

November .......... 595 70 223 13,269 0.19 0.17 

I December ____ . ___ ~. • 4, 920 4~~ 1, 274 78,335 1. 09 

~ 1---:-

he year . .. .. .. ::>5, 850 J ::>::> 2,027 1,442,233 20.12 1 
I 

Sec.-ft. 

12,000ri-t-t-t~i-ti-i-t-t~~~+-~-+~~+-~~~-+~4-+-~-4~4-~ 

10, ooo H-t--t-tt-itH-;t-++-t-t-H-t-t++H--+-++++-H-t-+-+-WH-1--+-.W 
9, ooo H-t-t-tt--ti-Hif-+++-+-1-t-t---t+~H~-+~+-t--H-++-1--1---~-+-+-+-1 

s, ooo H-t-+-tr.ilf-t-ti-+HH-HH-+-H++t-H-+++-~-+-+-+--~-l--+-+-1 

FIG. 71.-Discharge of Green·orier River at Alderson, West Virginia, 1897. 
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NEW RIVER. 

The principal tributary of Kanawha River is New River, which rises 
in Watauga, Ashe, and Alleghany counties, North Carolina. The area 
of the latter two counties is comprised wholly within the drainage basin 
of New River; their boundaries, being along the mountain ridges, form 
the divides between the watershed of this river and Y ad kin River 
on the east and of Holston River on the west. The general direction 
of the river is northwesterly. At first the upper tributaries have a 
general northeasterly and southwesterly direction, draining narrow 
valleys of the Greater Appa1achian Valley in Virginia. The main 
river cuts the Alleghany fronts just below Pearisburg, Virginia, and 
the remainder of the drainage area is confined to the State of West 
Virginia. For some distance the basin divide follows the State line 
between Virginia and West Virginia, both north and south of the place 
the river pierces the Alleghany front. The basin of New River is as 
beautiful and picturesque a section of country as any in the eastern 
part of the United States. The river itself is rapid and almost 
impassable even for canoes. The country on its lower courses, through 
which the Chesapeake and Ohio Railway passes, is noted for its scenic 
beauty. 

Rating table for New River at Fayette, West Vi1·ginia, for 1897 . . 

I 

h~;~'l,t ,:•cha.ge.l I Ga~ Discharge. Ga~e Discharge. Gage Discharge. heig t. heig t. height. 

~--- ------ ---- --·--
Feet. Second-feet. Feet. Second feet. Feet. Second-feet. Feet. Second-feet. 

-0.4 1,040 2.4 3,250 5.8 9, 578 14.0- 35,200 
-0.3 1,070 2.6 3,500 6.0 10,026 15.0 38,770 
-0.2 1,100 2.8 3,750 6.2 10,474 16.0 42,340 
-0.1 1,135 3.0 4,000 6.4 10,922 17.0 45,910 

0.0 1,170 3.2 4,300 6.6 11,370 18.0 49,480 
i 

0.1 1,210 I 3.4 4,6UU 6.8 11,818 19.0 53,050 
0.2 1,260 

I 
3 6 4,900 7.0 12, 266 20.0 56,620 

0.4 1,400 3.8 5)210 7.5 13, 386· 21.0 60,190. 

0.6 1,550 4.0 5,550 8.0 14,560 22.0 63,760 

0.8 11700 4.2 5,994 8.5 15,890 23.0 67, 330". 

1.0 1,850 4.4 6,442 9.0 17,390 24.0 70,900 

1.2 2,010 I 4.6 6,890 9.5 19, 135 25:o 74,470.-

1.4 2,180 4.8 7,338 10.0 20,920 ! 26.0 78,040 

1.6 2,380 5.0 7,786 10.5 "22,695 I 27.0 81, 610 
1.8 2,580 5.2 8,23~ 11.0 24,480 28.0 85,180 

~ 
2,790 5.4 8,682 12.0 28,050. ·I 

3,000 5.6 9,130 13.0 31,620 I 2 

- I 
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Esti1nated monthly discharge of New River at Fayette, 1Vest Virginia. 

Month. 

I 

I 1897. 

I Jan nary ............ 

February .. -....... -...... -
: 

March ............. 
I April.----- --------
I May.--- ... ---------
I June ............... 

I 
July ...•........... 

August .. · ..... ------
I 

September.------··' I 

I 
October ............. i 
November .......... 

December .......... 

I 
I 

The year .. __ .. _ 
I 

Sec.-ft. 

[Drainage area, 6,200 square miles.] 

Discharge in second-feet. : Run-off. ---g 
Maxi
mum. 

7,114 
83,574 
4:7,338 
24,837 
58,762 
11,258 
26,265 
6,890 
2,010 
9,018 
3,250 
8,346 
---

83,574 

Mini
mum. Mean. I 

Total in acre- --- Second-
feet. Depth in feet per I 

I inches. square 

-I- mile. 

--- ----1 
I 

2,137 4, 078 250,750 0.76 0.66 
2,685:27,703 1,538,547 4.65 4.47 

10, 138 ! 22, 014 1, 353,590 . 4.10 3.55 
4, 750 1 10, 614 631,580 . 1. 91 1.71 
4, 45o I 12, 331 758,200 : 2.29 1. 99 

3,187 l 6,015 357,920 1. 08 0.97 I 

2, 685 i 7, 736 475,~70 1. 44 1. 25 

2,052 3,205 197,067 0.60 0.52 

1,170 1,578 93,895 0.28 0.25 

1,170 2,029 124:,758 0.38 0.33 
1,170 1, 791 . 106,570 0.32 0.29 

1,400 3, 263\ 200,634 0.61 0.53 
I -------- --,---

1,170 8, 530 I 6,089,181 18.42 . 1. 38 
I 

60, 000 H-+-+-t--ii(Jf-H,.-t--t--t--t-H-t-t--t-H-t-t--t--t--t-H-t--t-+-H--+-++-+--1 

50, 000 l-+-+-+-t-..... f-l-+-+-+-+-+-1-H-+-+-+--I-I-+-+-+-+-+-1-t-+-t-+-f-l-+--+-+-+-l 

45, ooo H-+-+-rl--ta-H-t+-t--t-+-+-1-1-t--+-t--t-H--+-+++-+-H-+-t-+-H--+-++-+--1 

40, ooo H-t-t-tt--st-H+-+-++-+-tl-l-t-+-++--1H--+-++-+-H--+-+--+-+-H-+--+-+--t 

35, 000 l--i-+-+-ttt .... +-ll&-+-t--t-+--r.-i--f-+-!-+-ll-+-+-t--t-+--l-l-+-+--1-+-l-+-+-+-~ 

30, 000 t-+-+--+-

25, 000 1-+-+-+-

FIG. 72.-Discharge of New River at Fayette, West Virginia, 1897. 

FRENCH BROAD RIVER. 

The French Broad joins Holston River just above Knoxville, Ten
nessee, to form Tennessee River. Hydrographic investigations in the 
Tennessee Basin have been confined to the French Broad, Tuckaseegee, 



NEWELL.) FRENCH BROAD RIVER. '-257 

Little Tennessee, and Hiwassee rivers. Th·e gaging statfons on these 
four rivers are located at .Asheville, Bryson, Judson, and Murphy, 
North Carolina, respectively, and are described in Water-Supply and 
Irrigation Paper No. 15, pp. 60-65, inclusive. On Tuckaseegee and 
Little Tennessee rivers a sufficient number of measurements were not 
made on which to base rating tables. The station at .Asheville was 
established in 1895; while a rating table could not be constructed for 
the station until 1897, the ·section is practically constant, and monthly 
estimates are accordingly given since the establishment of the station. 

Rating table for French Broad Ri1Jel" at Asheville, North Carolina, for 1895 to 1897. 

Gn::re 
height: 

I Feet. 

I 

2.0 
2.2 
2.4 

Dh;cbarge. 1 b~i~\et. i Discharge. ~ 11~iil~t. 
~---· I 

Secondjeet. 1 Feet. 
1 

Seconcl-feet. Feet. 

62o I 3. 4. 1, 33o 4. s 
645 I 3. 6 1, 53o 5. o 
685 ' 3. 8 1, 730 5. 2 
745 I 4. 0 1, 930 5, 4 
820 I 4-. 2 2, 130 5. 6 
930 1 4. 4 2, 330 5. 8 

1, 130 ! 4. 6 2, 530 6. 0 

Di"b"'"' • GaW' I Dlaclo"'g'.1 

B<•oo•~f~'" : ·:~~t.~ Su~~f:' 
2, 730 6. 5 4, 430 
2, 930 7. 0 4, 930 
3, 130 7. 5 5, 430 
3, 330 8. 0 5, 930 
3,530 1 Ul 3,730 _j 
3,930 

--· ---- -··--'----'---------'---~ 

Estirnatecl1nonthly clischarye of French Broad UitJer at .A8het•Hle, North Carolina. 

[Drainage area, 987 square miles.] 

Discharge iu second-feet. 

Month. 

1895, 

Maxi· 
mum. 

September 17-30. __ . 1, 130 
October_. ________ -. 780 

November. ____ ..... 1, 230 
December ___ .. _ _ _ _ _ 3, 330 

1896. 
i January .. ____ . ___ .. 
I February ... __ - .... , 

March 16-31 ........ · 

April.--.-- ... - ... .. 
May ..... __ ......... . 

June .............. . 

July .............. . 
August. __ ...... _ .. _ 

September ..... ___ . 

October _ - .... ___ .. -I 

4,430 

3, 380 

1, 630 

2,130 
. 2~ 530 

1, 330 1 

7, 780 ! 
1,180.1 

1,130 i 

762' 

Mini- I 
mum. :ffiean. 

I 

745 823 

710 732 

745 844 

745 1,154 

I 
800 i 1, 439 

1,733 

1,227 

1,092 

1, 063 

922 

2,191 

866 

772 

705 

-· 

I 
Total in acre· 

feet. 

22,854 

4.5,009 

50,221 

70,956 

88,481 

99,684 

38,944 

64; 978 

65,362 

54.863 

134,719 

53,248 

45,937 

43,348 
- ') 

Run-off. 

Second-
Depth in feet per 
inches. square 

mile. 

0.43 0.83 

0.85 0.74 

0.94 0.85 
1.35 1.17 

1.68 1.46 

1.90 1.76 
0.74 1.24 

1.24 1.11 

1.25 1,08 

1.03 0.93 

2.56 2.22 

1. 01 0.88 

0.87 0.78 

0. 821 0. 71 
-1. 8D I 1. 66 

I 

I ~ovember ...•.. ····i 4,130 

L::ber ------ .... 3, 730 

1,180 i 

1,030 

820 

780 

745 

727 

710 

672 

685 

762 

845 
1, 634 I 

1, 281 ! 

91,-30 

78,765 i 1. 50 ~ 1. 30 
___ _j 

19 GEOL, P'l' 4--17 
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Estimated monthly discharge of French Broad River at .:lsheville, North Carolina-Cont'd. 

I Discharge in second-feet. Run-off. 

j Month. Total in acre- Second-

j 
Maxi- Mini- feet. Depth in feet per 
mum. mum. Meau. inches. square 

mile. 

1897. 
January ............ 2,380 780 1,164 71,570 1.36 1. 18 
February ...•...... 5,_830 1,530 2,709 145,450 2.85 2.74 

I 
March ............. 5, 180 1,630 3,036 186,680 3.56 3.08 

April .............. 5,530 1,580 2, 607 155,130 2.94 2.64 

May ............... 5,030 1,180 1, 920 118,056 2.25 1. 95 

June .... -- ..... - ... 2,430 980 1,410 83,900 1. 60 1. 43 

July ............... 1,530 800 1,187 72,985 1.38 1.20 
August ... _ •........ 1,930 710 908 55,830 1.06 0.92 

September ......... 762 672 698 41,535 0.79 0.71 
October ... _ ........ 1,280 652 792 48,696 0.92 0.80 

November .... ----·· 1,780 652 841 I • 50,040 0.94 0.85 cber ...... ·---1 1,580 697 950 1 58,412 1.10 0.96 

The year ..... 5,830 652 1, 518 1 1,088,284 20.75 1.54 

Sec.-ft. 

3, 000 H-t-t-t--t-HH-+-t--l--t-H-t-+-1-H-t-++-l--t-H,...-t-+--1-+-H-+-1--ll--l' 

2, 000 

1,000 

0 

FIG. 73.-Discharge of French Broad River at Asheville, North Carolina, 1895 and 1896. 
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Sec.-ft. 
12, ooo I-+-1--+--I-1H--1-+---il-+-1-...f:-H--+-+--I-iH-1--I-+--lH-+--f--H-+-+-+-I-+-+-+-f 

11, ooo t-t-t--t-+-1H--t-t-1H--t-+-H-+-+--HH-+++-I:-4-+-+-H-+-+-+-<~+~ 

2,000 

1, 000 

0 
FIG. 74.-Discharge of French Broad River at Asheville, North Carolina, 1897. 

HIWASSEE RIVER. 

The station on Hiwassee River was established June 26, 1896, but 
the interpretation of gage heights· into daily discharges can only .be 
made from October 20, 1897. The wire gage was twice stolen in 1897 
and replaced each time according to the figures for the elevation of 
the bench ·mark. On the final replacing, October 20, 1897, it was dis
covered that there was a difference of about 1 foot between the new 
and old data. At the time of the establishment of the station a tape 
was used that was broken at about the 1-foot mark, and it is thought 
that the allowance of this amount was not made in reporting the eleva
tion of the bench mark. It is not known within 0.2 foot what this 
correction should be. For this reason, and also because of the fact 
that no discharge measurements have been made for the higher gage 
readings, it is considered unwise to compute the daily discharges 
previous to October 20, 1897. 

Gage 
height. 

Feet. 
4.6 
4.7 
4.8 
4.9 
5.0 

Ul_ 3 

Rating table for Hiwassee River at Murphy, North Carolina. 

[This table is applicable from October 20, 1897, to December 31, 1897.] 

Discharge. Gage Discharge. Ga!te Discharge. Gage 
height. heig t. height. 

Second-feet. •Feet. Second-feet. Feet. Second·feet. Feet. 

225 5.4 570 6.2 1,320 7.0 
250 5.5 640 I 6.3 1,420 7.1 
280 5.6 720 6.4 1,520 7.2 
315 5.7 820 6.5 1,620 7.3 
350 5.$ 920 6.6 1, 720 7.4 
400 5.9 1,020 6.7 1,820 7.5 
450 6.0 1,120 6.8 1,920 
510 6.1 1,220 6.9 2,020 

D 

1-

;..,barge. I 

Se cond-jeet. 
2,120 
2,220 
2,320 
2,420 
2,520 
2,620 I 

_j 
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Esti1nated 'rnonthly discharge of Hiwassee Riuer at Mzwphy, North CaTolina. 

[Drainage area, 410 square miles.] 

~ Mon~. Discharge in second-feet. Run-off. 

I Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 

I Mean. mum. mum. inches. square 
I 

mile. 
I ------
I 
I 

1897. 

October 20-31 .. __ .. 350 237 268 6, 380 0.29 0.65 
November ...... ___ . 570 315 342 20,350 0.92 iEJ December ....... __ . 2, 470 350 737 45,316 2.08 0 

List of miscellaneous discharge nteasnrmnents, Tennessee Basin. 

Meter 
Ga;1e Area of Mean ve- Dis-Date. Stream. Locality. num,-

ber. heig t. section. locity. charge. 

I 

------ --- ---

1897. Feet. 
Feet per 

Sq.jeet. second. Sec.-feet. 

May 14. Hiwassee River Reliance, Tenn. 11 4.04 2,470 1. 50 3,705 

May 15. ..... do ......... ..... do ........ 11 3.84 2,376 1.34 3,181 

Nov.17. Holston River. Knoxville, Teunl 94 --·-··-- 1, 832 1.69 3,084 

TENNESSEE RIVER. 

Investigations on the main stream have been continued at Chatta
nooga. In the Eighteenth Annual Report, Part IV, p. 119, are given 
by months the discharges of this river from 1890 to 1895. Here similar 
figures for '1896 and 1897 are given. 

Rating table for Tennessee Rivm· at Chattanooga, Tennessee, jo1· 1897. (a) 

Gage ! D" h Gage I D" I I! Gage In· h II Gage 1-D-·.--h-::l 
height. j Isc arge. height. ISC large. height. JSC arge. , height. I JSC ~J 

~~ Secon~f:t~ ---;:::1· Second;eet. ---;:::I Secondjeet.: ---;:;:~ Secondjeet.' 

0. 2 ' 3, 080 1. 4 -10, 208 3. 4 I 22,088 · 12.0 73, 172 

0. 3 3, 67-1 1. 6 11, 396 3. 6 2~, 276 13. 0 79, 112 

0. 4 4, 268 1. 8 12; 58± 3. 8 2J., 46± 14.0 85, 052 

0. 5 4, 862 2. 0 13, 772 4. 0 25, 652 15. 0 90, 992 

0. 6 5, 456 2: 2 14, 960 4-. 4 28, 028· 16. 0 96, 932 

0. 7 6, 050 2. 4 16, 148 4. 8 30, 40± 18. 0 108, 812 

0. 8 6, 644 2. 6 17, 336 6. 0 37, 532 20. 0 120, 690 

0. 9 7, 2:38 2. 8 18, 524 8. 0 49, 412 22. 0 132, 570 

1. 0 7, 832 I . 3. 0 I 19, 712 10.0 61.,292 24.0 I 144,450 

1. 2. --~0~~ I_ 3. 2__ 20, 9~~ 11. o 67,232 26. o i 156,330 

a Abo,·e 26 feet use table aM published in the Eighteenth Ann. Rept., Part IV, p. 120. 
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Estimated nwnt_kly dis~karge of Tennessee River at Chattanooga, Tennessee. 

(Drainage area, 21,418 square miles.] 

IM=th. Discharge in second-feet. Rrmg 
Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 

mum. mum. inches. square 
mile. 

---------

1896. 
Jan nary ............ 50,600 15_, 554. 26,169 1,609,079 1. 41 1.22 
J<~ebruary ____ ...... 85,052 26,840 55,577 3,196,826 2.79 2.59 

March . . . . . . . . ..... 95,150 22,088 39,257 2,413,834 2.11 1. 83 

Ap1·il ------ .... ____ 409,520 23,276 87,649 5,215,478 4.56 4.09 
~fay _ ..... _ ........ 29,216 14,366 20,574 1,265,054 1.10 0 .. 96 

June ............. -- 43,472 17,336 24,365 1,449,815 1. 27 1.14 

July_---- .......... 130,196 20,306 55,390 3,405,820 2.99 2.59 

August----·- ...... 34, 562 114, 960 22,433 1,379,360 1. 21 1.05 

September ......... 18, 524 9, 020 12,346 734,6:36 0.64 0.58 
October __ .......... 19,712 8, 426 11,588 712,523 0.62 0.54 

November .......... 57, 728 9, 020 22,603 1, 344-,, 969 1. 18 1. 06 
December __ .... ____ 45,254 16, 148 27,951 1,718,651 1.51 1.31 

------
'fhe year __ ... 409, 520 8, 426 33,825 24,446,045 21. 39' 1.58 

---------
1897. 

January __ .......... 45,2511 16,148. 27,932 1, 717,483 1. 50 1.30 

February .......... 308,060 19,712 89,962 4,996,236 4.37 4.20 
March __ .... __ .. ___ 363,240 52,976 165,148 10,173,067 8.90 7.72 

ApriL ...... ---- .... 231,520 36,344 81, 056 4,823,156 4.22 3.78 

May ................ 134,948 26,543 50,124 3,082,025 2.70 2.34 

.June ............... 38, 126 21,494 29, 107 1,731,983 1. 52 1.36 

Jnly ...... _ ........ 74,657 21, 791 34, t128 2; 116,~0~ 1. 86 1.61 

August. __ .......... 34,562 14, 366 25,847 1, 589, 280 1. 39 1.21 

September ......... 14,960 6; 050 8,951 532,620 0.47 0.42 

October ...... __ .... 13,_772 4,268 7,842 482,189 0.43 0.37 
November ..... , ____ 9,614 6, o5o 

1 

1, 330 I 436, 16-t 0.38 0.3t! 

December ...... __ ._ 62, 1~3 8, 129 I 24, 627 I 1, 514, 265 1. 33 1.15 

I 

______ I 

The year _____ . _ 363,240 4, 268 1 46, 055 1 33, 195, 377 1 29.07 2.15 
I ' 
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Sec.-ft. 
120, 000 l--+-+-t-+-t--+-+-+;Jta+-+-+-+-ll-f-!--I-1----HH--+-t-1-+-+-+-l-+--+--+-~-t--+-+-t 

110, 000 H--t---+-1-+-+-+--1-..ll: 

100, 000 1-+-+--t--+-t-+--+-+-

90, 000 1-+""-t--1--f-t--1--f-+-

FIG. 75.-Discharge of Tennessee River at Chattanooga, Tennessee, 1896 and 1897. 

GREAT LAKES 'V ATERSHED. 

GENESEE RIVER. 

Surveys of the Genesee River have been made under the direction 
of the State engineer and surveyor of New York, as shown in various 
annual reports, for the purpose of ascertaining the possibility of 
increasing the water supply for Erie Canal. In the last paper on the 
subject, prepared by Mr. George W. Rafter and printed as .Appendix 
VII of the Annual Heport of the State Engineer and Surveyor of 
New York for the fiscal year ending September 30, 1896, a detailed 
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discussion is given of the flow of the stream and of the influence of 
deforestation upon the run~off. The first series of measurements as 
there noted extended from June 17 to December 2, 1890. On August 
21, 1893, observations were begun at the dam belonging to the Mount 
Morris Hydraulic Power Company, and maintained until the dam was 

Sec.-ft. 
12, 000 J-t-t--t-t-f--t--+---l-+-+-~l-+-+-~f-+-t-+-lf-+--+-+-+-f--+--+-l--+-+-+-t-+-+-+-1 

11, 000 l--+-t--t-t-f--t--+---l-+-+-~1-+-+--t-if-+-t-+-l-+-t-+-+-f---t-+-t-t-+-+-t-+-t-+H 

10, 000 J-t-t--t-t-+-+--+---l-+-ll-~l-+-+--+--lf-+-t-+-l-+--+-+-l--+-+--+-l--+-+-+-1-4--+-+l-l 

9, 000 J-t-t--t-t-+-t:--+---l-++-~t-t--+--t-if-+-t-+-i-+-+-+-+--+--t-+-t-t-+-+-t-+-+-+H 

8, 000 t-+-+--+-t-+-ft-+--1-+-e--+---il-+-+--+-lf-+-+-+--i-+-+-+-t-+-+--+-+-+-+-+-t-+-+-+H 
Jf,9~~ 

7' 000 l--+--+--t-t-+--11-+-l-++-~t-t--+--+--ll--+-t-+-i-+-t-+-t-t-+--+-t-t--+-+-t-t--+-+H 

6, 000 t-+-+--t-t-+--11-+-l-++-~t-t--+--+--ll--+-t-+-i-+-t-+-t-t-+--+-t-+--+-+-t-t--+-+H 

5, 000 J-t-t--t-t-+-ft-+-l-t++-+-it-t--+--+--11--+-t-+-l-+-t-+-t-t-+--+-t-+-t-+-iH--+-+H 

3, 000 t-+-+-+-+--+ ...... +-l+t-+-+-if---+--+--+--ll--+-+-+-l-+-+-+-l-+--+--1--'f---+--t-+-lf-+-+-~ 

2,000 l 

1,00: ~~~ ....... lilloc~· .... la..~-f-rlrl'a..~.;....f.~ .............. ,...... .. ~, ... 
12, 000 l-+-+--+-1-+-t-+-+1~~-+-+-l-+--+-+-+-+-+-i-t-+-+-+-l-+-t-+-t-t-+--t-t-t--t-+-t-t 

11, 000 J-+-f--+-t-t-+-+-+----+--t-t-+--+-+-+-+-+-i-t-+-+-+-l-+-+-+-l-1-+--+-+-l-++-~ 

l 0, 000 J-t-t--t-t-f--t-+-1---+-+-ir-t--+--H-+-t-+-l-+-+-+-1-+-+-+-ifl+-+-+-1-+-+-+-f 

9, 000 1-+--+--+-+--+-+-+r-l---+-+-lf---+--+--H-+-+-+-l-+-+-+-ll-+-t-+-ifl+-+-+-l-++-+-1 

8,000r+-t--t-+--+-t-+-l---+-+-ir-t--+--H-+-t-+-l-+-+-+-t-+-t-+-i++-+-+-l-+-+-+-l 
'IH96 

7' 000 1-+--+--t-t-+-t-+-I---H-+-If--t--+--H-+-+-+-l-+-+-+-l-+-+--+---l++-+-+-!-+-+-+-l 

6, 000 J-t-t--t-+--+-t-+-t---tt-+-l-+-+-+--t-t--+-t-t-t--+-+-il-+-f-+-!.,_-+-+-l-+-+-t--4 

5, 000 t-t-t---t-t-t-Htt-t-.--tt-t-i:-t--t--H-+-t-t--t-+-+--f--11-+-+-+-l.-..t--l-+-I-++-H 

4, 000 t-+-t--t:-t-t--H~--_,...+-1-+-+-+--t-t--+-t-t-+-+-+-if---+--+--+---l.-+--+-+-l-++-~ 

3, 000 1-+--+--tH-+--§-If-+-
. 2,000 

l I' 
1, ooo l L k- --i ... r-t--t-it-1-l-t-t j-+-.+~~~~~~-t.._-+-+-t-+-+-l ... f- ~-~-+-..,-++-1-+--+-t 

0 
FIG. 76.-Discharge of Genesee River at Mount Morris, New Y:ork, 1895 and 1896. 

destroyed by flood, early in March, 1897. Readings of the height of 
the water passing over the dam were taken twice each day during 
ordinary stages, but in time of high water readings were made at 
shorter intervals. The dam, which was 337 feet in length, had an 
irregular crest, and in order to apply weir formul::e an accurate profile 
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was made and the dam divided into a number of approximately level 
sections. . The flow over each section was computed for each tenth of 
a foot up to 10 feet in height. Allowance was made for leakage, which 
was assumed to be 100 second-feet. 

In order to verify the results obtained by the use of the formula a 
weir was constructed during the ~nmme:r of 1896 at a point 22- miles 
above the dam. Observations at the two points were correlated and 
a verification obtained of the results computed for the Hydraulic Power 
Company's dam. This weir was injured by a severe flood in October, 
1896, and owing to lack of funds has not been replaced up to the sum
mer of 1898. The results of the computations of discharge from · 
August 21, 1893, to March 31, 1894, are shown on a diagram facing 
page 336 of the Report of the State Engineer and Surveyor for 1894, 
and from February 1, 1895, to November 30, 1896, on Pl. C, facing 
page 644 of the Annual Report of the State Engineer and Surveyor for 
1896. The principal facts concerning stream flow given on this plate 
are shown iu the accompanying :figure (:fig. 76). 

UPPJ;~R J\IISSISSIPPI 13ASIN. 

MISSISSIPPI RIVER. 

Measurements of discharge of Missb;sippi River at St. Paul, Minne
sota, below the mouth of Min11esota River, have been made for anum
ber of years by the Engineer Corps of the United States Army. The 
results up to June 30, 1893, have been compiled and published in a 
pamphlet issued by the :Mississippi River Oommission.1 

The results of measurements since that time are to be found in the 
annual reports of the Chief of Engineers, United States Army.2 

The first recorded measurement is that of September 24,1866. Dur
ing the succeeding year, 1867, a number of measurements were made 
during the months from July to November, inclusive. From that time 
occasional measurements were made during 1868, 1874, 1878,1879, 1880, 
1884, 1885, and 1886. Systematic work. was begun under a speeific 
appropriation in 1889, and has been carried on each year since that 

1 Tabulated Results. of Discharge Observations, Mississippi River and its Tributaries and Outlets, 
183S-1894. Compiled in the office of the secretary Missiseippi River Commission. Mississippi River 
<;ommissiou print, 1895. 

:Results fur the year ending June 30,1894, Annual Report of Chief of Engineers, 'Lnited States 
Army, Part III, pp. 1732-1735. Contains rating curve or diagram showing volume of Mississippi 
River at St. Paul, Minnesota, corresponding to readings of the 'C'nited States Signal SerYice <'Veather 
Bureau) gage, being based on the mean of measurements taken during t.he four years ending June 30, 
1894. 

Results for the year ending June 30, 1895, Annual Report of Chief of Engineers, United States 
Army, Part III, pp. 2202-2205. Contains discharge diagram for months of July to November, 1893. 

Results for year ending June 30, 1896, Annual Report of Chief of .Engineers, 'Lnited States Army, 
Part III, pp. 1859-1863. Contains table and discussion of relation of run-off to rainfall on the water· 
shed of Mississippi River above St. Paul, Minnesota, for the years 189.J. and 1895. 

Results for year t>nding June 30, 1897, Annual ReJJOrt of Chief of Engineers, "Lnited States Army, 
Part III, pp. ~16.!-2170. Contains table and discussion of relation of run-off to rainfall for the years 
1894 to 1896, inclusive. 
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time. .The following details have been obtained from Mr. Archibald 
0. Powell, United States assistan,t engineer: 

The object of the measurements is the determination of the e~ect of 
the reservoirs at the head of the :Mississippi River in maintaining deep 
or navigable watP,r during periods of drought. Measurements and com
putations of the amount of water discharged from the reservoirs at 
such seasons are made and comparisons bad with the behavior of the 
river at St. Paul and lower places. The measurements are made at a 
section about halfway between Wabasha street bridge and Hobert street 
bridge iu the city of St. Paul. A. long, low strip of land, known as 
Raspberry Island, occupies the middle of the channel, the greater part 
of the water passing at ordinary stages to the left of this or against the 
St. Paul shore. To maintain deep water on the St. Paul side the Gov
ernment has constructed a loose stone dam from the island to the right 
bank, across the part-of the river west of tbe island. Observations of 
river height are made at the United States Weather Bureau gage, 
located on a wharf at the foot of Jackson street. The zero of this gag6 
is at an elevation of 683.334 feet. When the water on this gage stands 
at a height of 4.65 feet and upward, the stream passes over the dam on 
the west side of the island. Between stages of 4.65 and 6. 70 feet it is 
impracticable to measure with a meter the volume passing on the west 
side of the island, as the current is tJo sluggish. The amount bas been 
approximatetl, however, by plotting the gage readings and discharges 
between the height~ of 6.70 and 10.50 feet and then extending tbe 
curve downward. 

The measurements of discharge are made from a boat with Ellis 
current meters. The meter is held in po"sition by two men, one in the 
bow and the other in the stern, each grasping a wire rope. Two of 
these are stretched across the river. parallel aud at a distance of 
13 feet apart. The upper line is tagged every 10 feet, a sounding 
bei11g taken at each tag and an observation for velocity at alternate 
tags. The wire ropes are laid before each measurement, aw1 afterwards 
reeled up. Velocities are obtained by observing at mid-depth in these 
seetions 20 feet apart. The mean velocity has been assumed to be 95 
per cent of the measured mid-depth velocity. The results of observa
tions indieate that the river begins to rise at St. Paul within seven or 
eight days following release of water from the distributing reservoir at 
Pokegama Falls, and tllat in about five days the full effect iH felt. 'fhe 
rise on the United States Weather Bureau gage, due to the reservoir 
water, in 1893 was 1 foot; in 1894, 1.3 feet; and in 1895, 1.2 feet. 1 

From the rating curve given in the report of the Chief of Engineers 
for 1894 a rating table, given on page 267, bas been constructed which 
is assumed to be fairly accurate for average conditions, or at least suffi
cieutly so for computations of mean discharge. The figures given in 
this table have been applied to the readings of the United States 

J Report of Lieut. Col. W. A . .Jones, in Annual Report of Chief of Engineers, 1896, Part III, p.l861. 
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Weather Bureau gage and computations made of mean monthly flow, as 
shown by the tables on pages 268 to 270. Values have also been plotted 
on diagrams giving the behavior of the stream for the years 1887 to 1896, 
inclusive. The rating curve was based on measurements made during 
the four years ending .June 30, 1894, but subsequent observations agree 
with this so well that the values are assumed to be practically constant. 

The accompanying plates illustrate the methods of measurements of 
the river at St. Paul. The bridges are too high above the surface of 
the water to be satisfactory, and on account of navigation it is not 
practicable to stretch a cable permanently across near the surface of 
the water. Accordingly, temporary wires are used whenever discharge 
measurements are to be made, and removed immediately after, so that 
the channel is not impeded. 

The first view (Pl. XXX, .A) shows the wire being put across the river. 
It is placed on a reel mounted in the stern of a boat and paid out as 
the boat is rowed across the stream, the ends being cleared and the 
wire drawn up to clear the water. 

The second view (Pl. XXX, B) shows the two parallel wires in place, the 
upper one with tags at uniform intervals, indicating the distance from 
the shore, or the initial point. A man at each end of the boat holds 
this in position, while a third man in the bow takes soundings of depths 
by means of a rod. 

The third view (Pl. XXXI, A) shows the boat with a timber, suitably 
arranged, projecting forward over the bow and supporting the current 
meter, which, in the picture, is drawn up so that the lead weight and 
tail are partly submerged, the meter being entirely out of the water. 
When jn use the apparatus is lowered by the chain which runs over 
the end of the timber. The two men, one in the bow and the other 
in the stern, bold the boat in position, while the third man records the 
time and revolutions of the meter. 

The fourth view (Pl. XXXI, B), similar to the first, illustrates the 
method of taking in the wires after the measurement is completed. 
Each wire is drawn in over the bow and wound upQn the reel, which is 
mounted on bearings provided for the purpose. The whole operation 
of putting up the wires, taking velocity measurements, and reeling in 
the wires can be accomplished in about two hours, or even less when 
the river is at low stages, everything being kept in readiness for the 
purpose. 

Square miles. 
Drainage area above St. Paul, Mississippi River ............................ 19,735 
Drainage area above St. Paul, Minnesota R.b·er .... _ ............. _. _.. . . . . . . 16, 350 

Total above St. Paul .... _ ........... _ ...................... _ .. _ .• ___ . 36, 085 
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A. 

MEASURING VELOCITY OF MISSISSIPPI RIVER AT SAINT PAUL, MINN ESOTA. 

A, Reeling out the wire; B, Soundmg the depth. 
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Elevation of points on Mississippi and Minnesota. rive:~· 

MISSISSIPPI RIVER. (a) 

267 

Locality. above sea. St. Paul. (b) 
Elevation DistancenboYell 

Feet. Miles. 

Lake Itasca ....................................... Not known. Not known. 

Cass Lake...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 302 Do. 

Lake Winnibigoshish ............................. . 

Pokegama Falls, above ........................ ; .. . 

Pokegama Falls, below ....•....................... 

Aitkin . . . . . . • . . . . ............................... _ . 

Mouth of Sank River ............................. . 

St. Anthony Falls, above crest ..................... . 

St. Anthony Falls, below fall ...................... . 

St. Paul, low water, 1864 .......................... . 

St. Paul, high water, 1881 ...••..................... 

MINNESOTA RIVER. 

Mouth of Blue Earth River ....................... . 

Mankato ......................................... . 

Le Sueur .......................................•.. 

Belle Plain ............................. ~ ......... . 

Carver ......... _ ..••.....•......................... 

Shakopee .......•.•.••............................ 

Mendota (Fort Snelling) .......................... . 

1,290 

1, ~69 

1, 255} 
1,189 

992 

782} 
752 

683 

702 

756 

751 

715 

696 

689 

688 

6871 

Do. 

354 

221 

92 

14 

117.1 

115.3 

81.5 

51.7 

32.7 

25.9 

7 

aData from letter of December 26, 1893, from Maj. W. A. Jones, Corps of Engineers, United States 
Army, G. R. 2279. 

b Distances not stated may be approximately scaled from Land Office maps. 

Rating table for Mississippi River at St. Paul, Minnesota. 

Gafte Discharge. Gal!e Discharge. I Ga1te Discharge. Gage _:"·~···I heig t. height. heig t. height. 

I Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. ·Feet. Second-feet. 

0.0 1, 750 3.0 6, 210 6.0 14, 160 12.0 40,975 

0.5 2,360 3.5 7,100 7.0 17,900 13.0 46,025 

1.0 3,060 4.0 8, 070 8.0 21,920 14.0 51,075 

1.5 3,800 4.5 9,150 9.0 25,980 15.0 56,125 

2.0 4,580 5.0 10,650 10.0 30,875 16.0 61,175 

2.5 5,380 5.5 12,320 11.0 35,925 17.0 66,225 
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Estimated. monthly discharge of Mi8sis~ippi River at St. Paul, Minnesota. 

[Drainage area, 36,085 square feet.] 

Discharge in second-feet. Rrm-~ 
Month. Second-

:Maxi- Mini- Mean. Depth in feet per l 
liJUIII. mum. inches. square 

mile. 

------· 

1S87. 
March 22-31 ...... ______ .. _ ..... 21,514 17,520 19,863 0.20 0.55 
April ...... -....... -- - ....................... -..... -. 28,855 12,320 20,402 0.63 0.57 
May ................................................ ------ 13,430 6, 920 9,505 0.30 0.26 
June------ ..................... 6,920 5,700 6,078 0. 19 0.17 
July ........................... 6,040 5,060 5,632 0.18 0.16 

August ......... ---------- ...... 5,380 4,420 4,890 0.16 0.14 
Septeru ber ................... __ 5,540 

I 

4,260 4,804 0.14 0.13 
October ............ _ ... _ ... _ ... 4,580 4,100 4,353 0.14 0.12 
November 1-27 ........•........ 4,420 2, 780 3,716 0.10 0.10 

1888. 
April 7-30 .......•........•..... 53,095 7,670 37,623 0.93 1. 04 
May ................................................. -----· 51,580 31,885 40,486 1. 29 1.12 
June .... _ ............. _ ........ 34,915 20,300 24,639 0.75 0.68 
July ...... _ ...........•..... _ .. 21,110 9, 650 16,134 0.52 0.45 
August_ . _ ...................... 13,050 6,210 9,151 0.29 0.25 
September ..................... 6,740 5,870 6, 387 0.20 0.18 
October ...............•.....•.. 7,290 6,040 I 6,691 0.22 0.19 
November ..............•....... 7,480 5,220 

I 
6,453 0.20 0.18 

December 1-11 .......•••...... _ 5,540 4,580 4,958 0.06 0.14 
1889. I 

I 

March 12-13, 19-31 ........ -----· 8,490 7,100 7,813 i 0.12 0.22 
April ........ -- ........ -- .. -............. -................ -.. 7,670 5,380 ·6, 104 0.19 0.17 
May - - .. -.. - .. - ... - .... --- -....... -.. ----- .. 9,150 6,560 7,597 0.24 0.21 
June ........................... 7,100 4,900 5,731 0.18 0.16 
July _ .......................... 6,040 4,580 5,136 0. 16 0.14 
August ..........•.. ~ ..•........ 6,560 5,060 5,710 0.18 0.16 
September ..... · .•••..••.. _____ . 6,560 4,420 5, 297 0.17 0.15 
October ...••..••••....•... _ .. _. 4,580 3,950 4,214 0.14 0.12 

November 1-24 ..... ------ ...... 4,420 3,200 3, 909 0.10 0.12 
1890. 

March 25-31. ................. _. 6,210 4,260 5,316 0.04 0.15 
April ·----· --·· ---------------- 12,320 3,800 7,983 0.24 0.22 
May ... ---- ...... --·· ------ -----· 7,290 5,700 6,349 0.21 0.18 
June ....•.•.•.•..•...•.... _ .• _. 1 17,900 I 7,480 12,833 0.40 0.36 

July . _ ..•..•..••. -. -.---- . -- ---I 13,050 5,700 8,725 I 0.28 0.24 I : I Angnst .. _ .. ___ ...•... ____ . __ .. _ 1 5,220 3,500 4,200 
I 

0.14 0.12 
I - - -September _ .. _. .. .. .. . .. . .. . . .. t>, 060 . 3, 9o0 

11 

4, ::>161 
·------·- I 

0.14 0.13 
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A. 

B. 

MEASURING VELOCITY OF MISSISSIPPI RIVER AT SAINT PAUL, MINNESOTA. 

A . Preparing to take meter measurement; B 1 Reeltng in the wire. 
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Estimated rnonthly dischm·ge of Mississippi River at St. Panl, Minnesota-Continued. 

Discharge in second-feet. Run-off. 

Month. Second· 
Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

------

1890. 
October _________ ... __ .•... ___ •. 5,540 3, 950 4,776 0.15 0.13 
November . ____ . ___ : ...•........ 5,060 3,060 4,263 0.13 0.12 
December 1-2 ____ ...••••••••••. 2,640 ·2, 500 2,570 0.05 0.07 

1891. 
March 29-31. ....... -----· -----· 5, 700 4,420 5,007 0.02 0.14 
April ....... ____ ......•••.•••••. 15,620 6,560 13,456 0.41 0. 37 
1\iay ____ . _________ ... __ •.. _ •... 11,290 5,870 7,658 0.24 0.21 

June .................. -- . - - - ... 6,040 5,380 5,710 0.18 0.16 
July ... _ ••. __ . __ . _ .... _ .....•.. 6,040 4,420 5,003 0.16 0.14 
August_ ...................•••.. 4,900 3,350 4,022 0.13 ·o.n 
Septembe.r .... _____ -----· -----· 3,950 3,200 3,540 0.11 0.10 
October _ .... ___ .....••••.•.•••. 4, 260 3, 350 3,791 0.13 0.11 
November 1-28 _ . _ . _ ..••••••••.. 3,500 1,980 2,692 0.07 0.07 

1892. 
March 7-31 ...............• - •... 10,650 4,580 7, 322 0.18 0.20 

April.·----· .... · ......•••....•.. 13;050 6,380 9,2fi8 0.29 0.26 
May _ ........ __ ............•• _ .. 44,005 8, 270 23,"835 0.76 0.66 

June ....•........... -.- •.. -- •. - 38,450 24,380 28,231 0.87 0.78 

July ·----- .......... -----·-·······--- 23,560 9,150 13,821 0.4'1 0.38 

August ...............• - •..•• - .. 16,380 6; 74.0 9,966 0.32 0.28 

September ..................•.. 8,270 6! 040 7, 116 0.22 0.20 
October ..... _ . __ . __ ...•.....•.. 6,380 4,900 5,658 0. 18 0.16 

November 1-26 ---· _ -----· •••••• 4, 740 3,060 4,193 0.11 0.12 

1893.· 
April ................ -------- ............ 42,995 19, 100 31,028 0.95 0. 86 
May ------.---- ......... ----·· ...... 54,610. 29,360 41,512. •1. 33 1. 15 
June ...................•........ 28,350 8,930 15,885 0.49 o.M 
July .. _ .. _ ~ .................... 8,490 5, 060 7,130 0.23 0.20 
An gust .... ·. ~ ....... -..•.....•.. 5,540 4, 260 4,864 o.i5 o. 13 
September ...........• _ •..•.... 6,380 5,700 6,118 0. 19 0.17 
October ...............•.....•.. 6, 380 5, 700 6, 106 o.2o 0:17 
November . ~ ..........••.•.••••. 6,210 2,500 4,708 0. 14 0.13 
December 1-11 . ................. 4,5~0 3, 950 4, 3i9 0.05 0.12 

1894. 
:March 8-31. .................... 9,150 4,580 7, 231 0.18 0.20 
April ...... : _. _ . ___ . _ ••••.. _. _ .. 33,905 6, 040 15,413 0.48 0.43 
May ..... - ------ ........ ···-·· ........ 39,965 19,500 28,209 I . 0. 90 0.78 
June .................••••.•.•.. 18,280 5, 870 . ·9,·865"!" 0:30 0.27" 
.July .................•••.••••.. 5,870 1;980 ·4,·140 ·O; 14 0.12 
August .. __ .... _ .. _ ..• __ •.. ___ .. 4,580 1,980 3,537 0.12 0.10 
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Estirnated rnonthly discharge of Mississippi Ri1:er at St. Paul, Minnesota-Continued. 

Month. 

Discharge in second-feet. 

Maxi
mum. 

Mini
mum. 

Run-off. 

Second
feet per 
sqnare 
mile. 

1-------------1-------------1----1 
I 

1894. I 
September ..•............ _ ...... 4,420 3,650 4,044 0.12 0.11 
October .•...........•.•........ 4-,900 3,950 4,395 0.15 0.13 
November 1-29 ................. 5,540 3,060 4,323 0.12 0.12 

1895. 
March 23-31 ......... _ .......... 3, 650 2,100 2,964 0.03 0.09 
April ..•••••.................•.. 3, 350 2,100 2,84:7 0.09 o:o8 
May ..•••••.•......... _ ......•. 5, 380 2,640 4,145 0.14 0.12 
J nne ..•••..•.•................. 9, 380 4,260 7,168 0.22 0.20 
July .••••............. _ ........ 7, 670 3,800 5,410 0.17 0.15 
August ......................... 5, 060 2, 780 3,990 0.13 0.11 
September ............ __ .... __ . 5,380 3,800 4,507 0.13 0.12 
October ....... ___ ... _ .. _ ... _ . _ . 5,220 3,350 4,329 0.14 0.12 
November 1-27 ................. 3:800 2,365 3, 356 0.09 0.09 

1896. 
January .................... _ ... ...................... ... -- ......... -- a1, 782 --- ..... -- ... ... -.. -- ----
February ... --- - ... -.............. - ...... - ... - ...... -- - ... -- .... -- ... ------- a1, 600 . --- ... -...... -- ... - ... -- .... 
March 29-31 .................... 2, 640 1,860 2,160 0.07 0.06 
April .••.••...... __ .. _. __ ... _. _. 34,410 1,640 15,676 0.49 0.44 
May ----··- -------------- ·----· 33,400 21,514 27,350 0.87 0.76 
J nne ..•••••.... _ ...........••.. 26,380 14,160 20,268 0.62 0.56 
July . _ ••••.......... ____ .. ___ .. . 13,050 4,260 7,553 0.24 0.21 
August ....•................••.. 5,540 4,100 4,719 0.15 0.13 
September .................•... 5, 060 3,500 4,441 0.13 0.12 
October ..••. _ . ___ .... __ .... __ .. 5, 380 4,260 4,699 0.15 0.13 
November 1-27 ................. 7,100 3,800 5,413 0.15 0.15 
December •••••......................•.•.•••.••. a4,445 ................ . 

1897. . 
January ..•••..•.•.... _ ..... _ . . . . .......••••••••••••..•. _ •..•••...... _ .. . 

February .•••••.............. _ _ . . . . . . . . • • • • . . • . . •........... _ .......... . 

March 20-31.... . . . . . . . . . . . . . . . . 48, 550 7, 870 24, 781 0. 30 0. 69 
April ...••...•............. ____ . 71,275 32,390 55,654 1. 72 1.54 
May ··----- -------------------- 30,875 11,630 17,999 0.58 0.50 
J nne .••••••.•••.. - - ... - .•. - - - - - 17,140 11,290 14,288 0.45 0.40 
July ..•••••••••.•... ___ ... _ .. _. 49,055 16,000 32,864 1. 05 I 0.91 
August .••••••••.•.....•.. -----· 25,580 9,150 15,285 0.48 I 0.42 
September ••••..•......... __ ... 12,320 9,150 10,474 0.32 0.29 
October .••••.••••.............. 10,310 7,670 8,524 0.28 0.24 
November •••••............••• _ . 

--~:~
7

~F~:~~-~a~:: I 
0.19 0.19 

December •••••. ---- ...•........ 0.24 0.21 

a Approximate. 
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UPPER MISSOURI BASIN. 

The basins of the three rivers, Gallatin, Madison, and Jefi'erson, 
which unite to form Missouri River near Threeforks, l\iontana, have 
been described at various times in the Annual Reports of this Survey, 
especially in the Thirteenth .Annual Report, Part III, beginning on 
page 41. 

SMALLER TRIBUTARIES OF GALLATIN RIVER. 

A gaging station was maintained on Middle Creek during 1896 and 
the data obtained were of considerable value owing 'to the number of 
irrigation ditches taken from that creek. The station is located some 
distance above the canyon and the only available observer moved away 
in the spring of 1897, so that the station could not be regularly main
tained through the year. A number of discharge measurements were 
made on it, however, and will be found in Water-Supply and Irrigation 
Paper No. 15, p. 67. 

A number of discharge measurements were also made on Bozeman 
Creek and Rocky Creek, tributaries to the East Gallatin. They are 
published in Water-Supply and Irrigation Paper No. 15, p. 75. 

EAST GALLATIN RIVER SEEPAGE MEASUREMENTS. 

During the latter part of September, 1897, a series of discharge 
measurements were made by Roe Emery on East Gallatin River, in 
Montana, for a study of the seepage of that river. In fig. 77 is shown 
the relative location of the points of measurement and the principal 
streams and towns. The table, pages 273 and 274, gives the measure
ments of the rivers, of the ditches, and of the creeks entering the river. 
The next table, pages 274 and 275, shows the computations for the 
seepage. The points at numbers 1, 2, and 4 are on Bozeman, Rocky, and 
Bridger creeks, respectively, which form at their junction East Gallatin 
River. To obtain the total flow in East Gallatin River, the flow in Story 
Mill ditch, No.3, which takes water both from Bridger and Rocky creeks, 
should be added. Between these measurements and that at No.6, the 
next lower point on the main river, two ditches, Nos. 5 and 7, are taken 
out. The sum of these two latter measurements subtracted from the 
sum of measurements 1 to 4, inclusive, gives 43.6 second-feet. The 
measurement of East Gallatin, No.6, at the ~rst bridge is 48.3 second-
feet. This shows a gain of 4.7 second-feet. · 

Between measurements No. 6 and No. 8 on the main river only one 
ditch, No.9, is taken out, and at the time of measurement it was car
rying no water. The difference, therefore, between measurement No. 
6, which is 48.3 second-feet, and measurement No. 8, which is 58.0 
second-feet, makes the gain between these two points, 9.7 second-feet. 
The distance between these two measurements was 1.75 miles. 

Between measurements 8 and 19, on the main river, 5 ditche~ are 

taken out, numbered respectively 10, 13, 14, 17, and 18. One slough, 
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No. 11, enters between. The sum of measurements at 8 and 11 is 58.5 
second-feet. The sum of measurements of ditches taken out and of 
measurement N o.19 at the third bridge is 36.4 second-feet. This shows 
a loss in a distance of 4.25 miles of 22.1 second-feet. 

Between measurements 19 and 20, on the main river, creeks 12 and 
13 enter and ditches 21 and 22 are taken out .. The water entering 
added to the measurement at the third bridge, No.19, gives 67.1 second
feet. Ditches taken out, added to the gaging at the lower or fourth 
bridge, sum up to 50.5 second-feet. The apparent loss of 16.6 second
feet occurs in the distance of 2! miles. 

FIG. 7i.-Location of points of measurement of seepage waters in East Gallatin River. 

In the next estimation for seepage, measurements between No. 20 at 
the fourth bridge a11d No. 28 at the sixth bridge are considered. ·The 
gaging at the fifth crossing, No. 26, of 16.5 second-feet, is so consider
ably under measurement 20, although there are no ditches taken· out 
between them, it has not been considered in this discussion. It would 
seem that there was some mistake in the measurement or that thP sec
tions must have been extremely poor. Between the two points under 
consideration, Nos. 20 and 28, four creeks enter the river, Nos. :!3, 24, 
25, and 25a. No ditches are taken out between these points. The dis
charge of the creeks, added to measurement 20, at the fourth crossing, 
equals 78.3 second-feet; this, subtracted from the measurement at tlJe 
sixth crossing of 92.0 second-feet, shows a gain of 13.7 second-feet 
occurring in the distance of 2-f miles. 
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Between measurements No. 28 at the sixth bridge·and No. 32 at the 
~eveuth bridge enter sloughs and creeks, Nos. 27, 29, 30, 31, 33, and 34. 
Their discharge, added to the measurement at No. 28, equals 179.7 
second-feet, which, subtracted from the gaging at the seventh crossing 
of 181.0 second-feet, shows a gain of 1.3 second-feet in 2~ miles. 

Adding to measurement 32, at the seventh bridge, the creeks, 35 and 
36 to 3D, inclusive, that enter between this measurement and that at 
the eighth crossing, gives a total of 212.2 second-feet. This, subtracted 
from the measurement at the eighth crossing of 284.1 second-feet, shows 
a gain of 71.9 second-feet in a distance of 1.75 miles. 

Adding to the measurement at the eighth bridge the discharge of 
creeks 42 and 43 gives a total of 297.4 second-feet. This, subtracted 
from measurements 44 and 45 at the ninth crossing, 336.8 second-feet, 
shows a gain of 39.4 second-feet in a distance of 1 mile. 

The country north of Belgrade and south of the river under consid
eration is one vast swamp, due principally to seepage water from West 
Gallatin Ri'ver, so that the large gairls shown iu the last few measure
ments are not altogether due to water taken from East Gallatin River. 

East Gallatin Rit:cr seepage 'lnelisu,rements. 
Second-feet. 

1. Bozeman Creek bridge, left bank, runs into Rocky Creek ...... _. . . . . . . 12. 5 
2. Rocky Creek ....................... ·. . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . 9. 1 
3. Story Mill ditch, right bank Rocky Creek . . . . . . . . . . . . . ..• . . . . . .. . . . . . . 22. 1 
4. Bridger Creek, right bank, forming East Gallatin .................. ___ . 2. 7 
5. Jackson ditch......................................................... 0.0 
6. East Gallatin, first bridge, 1t miles below Bridger Creek................ 48. 3 
7. Ditch on right bank, 300 yards above No.1............................ 2. 8 
8. East Gallatin, second bridge, Jackson's ranch...... . . . . . . . . . . . . . . . . . . . . 58. 0 
9. Ditch one-fourth mile above second bridge; no water ........ _ .... ~ . . . . 0. 0 

10. Nelson & Arnold ditch, 100 yards below seconu bridge, right bank._... 4. 7 
11. Slough, three-fourths mile from second bridge, right bank . . . . . . . . . . . . . 0. 5 
12. Middle Creek bridge, left bank, empties into East Gallatin below . . . . . . 39. 2 
1:5. Branch East Gallatin, runs into Middle Creek.......................... 7. 7 
14. Ditch on right bank, Flannery's taken out, one-half mile above bridge, 

Arnold's ranch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 3 
17. Ditch taps right bank on J. Beck's ranch (dry), empties into Nelson & 

Arnold ditch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . 0. 0 
18. Touhy's ditch on left bank, three-fourths mile above Flannery's bridge. 1. 5 
19. East Gallatin, third bridge............................................ 20.2 
20. East Gallatin, fourth bridge, Davis . _ ......... _. _ ... ." ............ ~. . . .. 50. 5 
21. Touhy's ditch taps right bank below third bridge, no water . . . . . . . . . . . . 0. 0 
22. Ditcb on west bank, Touhy's ra.nch, no water ... ~_ ... _.. . . . . . . . . . . . . . . . . 0. 0 
23. Creek empties in one-half mile below fourth bridge on Henry Davis, 

right bank Cottonwood Creek ......... ~ ... ~......... . .. .. . .. .. .. .. .. 4. 9 
24. Creek enters 'slough, then to Gallatin right uank .................... _.. 14.9 
25. Reese Creek ....................................................... ---· 7.0 
25a. Small slough, 200 yards below Pen wells ........... _ ........... _ ..... _. 1. 0 
25b. Ditch right bank, 300 ya.rds, dry ..................... :................. 0. 0 
25c. Ditch right bank, one-half mile, dry .. __ . _ ....... _. _. .. .. . .. .. . .. .. .. .. 0. 0 
25d. Ditch right bank, three-fourths mile, dry_ ....... _ ........ _ .. _ .. _ . . . . . . 0. 0 

19 GEOL, PT 4--18 
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Second-feet. 
26. East Gallatin, fifth crossing...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16. 5 
27. Slough, left bank...... .. • • • . . . . . .. .. .. .. .. .. . .. . .. .. . . .. .. .. .. .. .. . .. . 16. 5 
28. East Gallatin, sixth bridge .. .. .. .. . ... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 92.0 
29. Slough enters East Gallatin It miles below sixth bridge on left bank.... 21. 7 
30 and 31. Small creek, 100 yards below left bank.... .. .. .. .. .. .. .. .. .. .. .. 1. 0 
32. East Gallatin, seventh bridge, Dry Creek .. . . .. .. .. .. .. .. .. . . .. .. .. .. .. 181. 0 
33. Small stream into East Gallatin, 150 yards above seventh bridge.. 6. 4 
34. Large stream, Foster Creek... .. . . • . .. .. . . .. .. .. .. . . .. .. .. .. .. . . .. 42. 1 

35. Stream into left bank, three-fourths mile below seventh bridge ........ . 
36. Dry Creek, one-fourth mile below seventh bridge . . . . . . . . . . . . . . . . . 5. 3 
37. Dry Creek ditch empties into East Gallatin....................... 2.1 
38. Branch Dry Creek.... .. . . .. .. .. .. .. .. .. .. .. . . .. . . .. .. .. .. .. .. .. .. 4. 5 
39. Branch Dry Creek.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 0 

48.5 
13.3 

40 and 41. East Gallatin, eighth (Kinney's) bridge ....................... . 
42. Small stream, three-eighths mile below eighth bridge, left bank ...... . 
43. Small stream, one-fourth mile below eighth bridge, left bank ......... . 
44, and 45. East Gallatin, ninth (Brooks's) bridge ......................... . 
46. Small creek, left bank, 1 mile below ninth bridge .................. · .. . 

17.9 
284.1 

4-.'i 
8.6 

336.8 
4.0 

East Gallatin River seepage contputations . . 

1. Bozeman CreEJk .................................................. . 12.5 
2. Rocky Creek ... _ .........................•......................•. 9.1 
3. Mill ditch ........................................................ . 22.1 
4. Bridger Creek .................................................... . 2.7 

46.4 
5. Jackson ditch .................................................... . 0.0 
7. Ditch ....................................................... ___ _. __ 2.8 

2.8 

Difference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43. 6 

6. East Gallatin, first bridge .. . . . . . . . .. . .. .. .. .. .. .. .. .. .. . .. .. .. .. .. . . .. .. 48. 3 

Gain. . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . 4. 7 

6. East Gallatin, first bridge .. . .. . . .. .. . .. .. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. 48. 3 
9. Ditch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 0 
8. East Gallatin, second bridge ...... .,............................... 58.0 

58.0 

Gain . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9. 7 

8. East Gallatin, second bridge . .. . .. .. . .. . .. .. . . .. . . .. .. .. .. .. .. .. .. .. . . .. 58. 0 
11. Slough.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 5 

10. NelsC\n & Arnold ditch............................................ 4. 7 
13. Br~nch ...................................................... - . . . . 7. 7 
1-!. Ditch............................................................. 2. 3 
17. Ditch . . . • . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. .. . . . . . . . . .. .. . . . . . . . . . . 0. 0 
18. Touhy's ditch .................................................... . 
19. East Gallatin, third bridge ...................................... .. 

1.5 
20.2 

58.5 

36.4 

Loss .........••............................. - . - - . . . . . . . . . . . . . . . . . . . . . . 22. 1 
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Second-feet. 

12. 1\fiddle Creek ...................................... -- .. - .. -.. -.--- 39.2 
13. Branch .................................... ---- --.- . ---- · ------ ---- 7.7 
19. East Gallatin, third bridge ................................. --- --.- 20.2 

67.1 
21. Ditch ...................................... - ..... ---- .. - ..... ----. 0.0 
22. Ditch ...................... - .. - .. -- ... ----- .. -- · ·- · · -- ·-- · · · · · · ·- · 0.0 
20. East Gallatin, fourth bridge ...................................... . 50.5 

50.5 

Loss ...•........................................................ 16.6 

20. East Gallatin, fourth bridge ...................................... .. 50.5 
23. Cottonwood Creek .................................... ---- ....... . 4.9 
24. Creek .............................................. - - - ... - .... - .. . 14.9 
25. Reese Creek ...................................................... . 7.0 
25a. Small Slough .•...................... .- .......................... . 1.0 

78.3 
28. East Gallatin, sixth bridge ....................................... . 92.0 

Gain. . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . -........ . 13.7 

28. East Gallatin, sixth bridge ....................................... . 92.0 
27. Slough ............... · ................... ~ ........................ . 16.5 
29. Slough ......•..................................................... 21.7 
30 and 31. ~mall creek .............................................. .. 1..0 
33 and 34. Foster Creek.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48. 5 

_. __ 179.7 

32. East Gallatin, seventh bridge...... .. .. . .. . . .. . .. .. .. .. .. .. .. .. .. .. 181. 0 

Gain . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 3 

32. East Gallatin, seventh bridge. . . . .. . . . . . . . . . . . . . . . . . . . .. . .. .. .. .. .. 181. 0 
35. Creek ...•............................ :. . . . . . . . . . . . . . . . . . . . . . . . . . . . 13. 3 
36· to 39. Dry Creek ...... ~. .. . .. . .. . . . . .. . .. . . .. .. . .. .. . . . .. ... . . . . .. . 17. 9 

-- 212.2 
40 and 41. East Gallatin, eighth bridge .. .. . .. .. . .. .. . . .. .. . .. . . . .. .. .. 284. 1 

Gain...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71. 9 

40 and 41. East Gallatin, eighth bridge ................................ 284. 1 
42. Creek ..................... · ....................................... _. 4. 7 
43. Creek . . . . . . . . . . • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8. 6 

-- 297.4 
44 and 45. East Gallatin, ninth bridge...... . .. . .. . .. . .. .. .. . .. . . . . .. .. 336. 8 

Gain.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 39. 4. 

WEST GALLATIN RIVER. 

The station on this river is one of the most important of the Montana 
stations, as ·a number of large ]rrigation cana1s are taken therefrom. 
Tlie Kleinschmidt ditch, carrying about 50 second-feet, diverts water 
from the river above the station. In the table for monthly discharges 
the average for January, February, and March, as well as that for 
November, bas been estimated, as the river varies but lit.tle during 
those months. The discharge measurements and table of gage heights 
were published in Water-Supply and Irrigation Paper No. 15, p. 66. 
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Rating table for West Gallatin Rive1· at Salesville, Montana, for 1897. 

Gage 
height. 

I 
I 
L 

Feet. 

3.0 

3. 1 
3.2 

3.3 
3.4 

3.5 

3.6 

II 
In· I' Gage . 1scharge. , · height. _____ , ___ 

Second-feet. 
1

, Feet. 

I 400 i: 3.7 

450 3.8 

510 3.9 

600 4.0 

700 4.2 

800 4.4 

I 

900 4.6 

• I Ga e 
'I Discharge. I heig~t. 

-----1 

Second-feet.(\ Peet. 
I 1,000 il 4.8 

I 1, 100 !I 5.0 ., 
I 

1, 200 5.2 

1,300 5.4 

1, 500 5.6 

1,700 5.8 

i 1, 900 
I 

Discharge.! 

I -, 
Second-feet. 

: 2, 125 

i 
2,450 

I 2,810 

3,170 

3,530 

3, 890 

I 

---I 
Ischarge.l 

--

Ga!t_e In· heig t. 

---! ---1 
Feet. -~ Se 

6.0 

6.2 
i 

6.4 

! 6.6 

6.8 

7.0 

! 

cond-jeet.j 

4,250 

4,610 

4,970 

5,330 

5,690 

6,050 I 

Estimated rnonthly discharge of West Gallatin Rit·et· at Salesnille, Montana. 

[Drainage area, 860 square miles.] 

~Month Discl•arge in second-feet. 
1 

~-- Run-off. I 

I 
I 

Total in acre- 'I Seco~ I 
Maxi- . Mini- Mean. 

1 

feet. J?epth in feet per ! 
muw. . mum. : mches. square 

---------I~--:---~---! j ___ mile. 

1897. 

.Ja,nnary ·---. -----
February·----- .... 

March .... ----.----

! I I I 
________ 

1

. ________ ;.
1 a 250 I 15, 3721 0. 33 

-- - --- -- --- --- . . a 250 \ 13, 884 ~ 0. 30 
.. ~ _ . . . . . ____ . ·_. • a 300 18, 446 ! 0. 40 

April ...... ----: .... 1,300: 350 582 
l\fay .. ___ . _ •••.•. _. 5, 780 : 1, 450 3, 839 I 

34,630 0.75 
236,050 ' 5.15 

I 

166,790 : 3.64 

0.29 

0.29 

0.35 

0.68 

4.46 

3.26 June .. __ ..... _ .. :.. 5, 510 1 1, 750 2, 803 1 

.J nly . - - --. - ..... -.. 1, 950 I 900 , 1, 316 ~ 1. 53 

August.------ ------1 900 510 I 6371 39,168 ~ 0.85 0. 74 
:;.10 ! I . September---------~ 510 v 510, 30,345 0.65 0.59 

80,920 I 1. 76 
I 

Octo her . - - --- - - - --. 600 II 510 ' 526 ! 32, 344 r 0. 70 0. 61 
November . _ . __ . . . . . . . __ .... , .. ___ . . . a 450 ! 26, 778 1 0. 58 [ 0. 52 I December .................. 1_-----···· a450! 27,669 1_0.60 j_0.52 I 

1~--·------' 
The year ... _ -1- ___ . __ . : _____ .. _, 993 722, 396 [ 15. 71 i 1. 15 

--------------~---~---~ 
a A. pproxi mate. 
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a Approximate. 
0 FIG. 78.-Discbarge of 'Vest Gallatin River at Salesville, Montana, 1897. 

GALLATIN RIVER. 

The gaging station. on this river is located at the railroad bridge at 
Logan, Montana, 6 miles above the mouth of the river. The data show 
the amount of water running to waste at this point, and present also the 
discharge of East Gallatin River. The station was described and the 
list of discharge measurements and table of gage heights for 1897 given 
in Water-Supply and Irriga:tion Paper No. 15, p. 68. 

Rating tc~ble for aallatin Rinm· at Logan, Montana, for 1897. 

i Gage : D' h . I Gage I D' •] . Ga,ge ! n· b i Gage ·, D:::ll 
' lwight. : lSC urge. height. lSC targe. height. : lSC arge. ; height. : =~ 

~ Peet. Seconcl-feet.l· Peet. i Second-feet. Peet. : Second-feet. : Peet. Second-feet. 

0. 5 I 360 1. 3 800 2. 2 1, 710 3. 8 4-, 750 

0. 6 400 ' 1. 4 870 2. 4 2, 090 4. 0 5, 130 

0. 7 450 il 1. 5 940 2. 6 2, 470 4. 2 5, 510 

0. 8 500 ! 1. 6 1, 020 . 2. 8 2, 850 4. 4 5, 890 

0.9 550 ! 

1.0 610 

~ 
660 

730 
j 

1.7 

1.8 

1.9 

2.0 

1, 120 3. 0 ·3, 230 4. 6 6, 270 

1,220 

1,330 

1,450 

3.2 

3.4 

3.6 

3,610 

3,990 

4,370 

4.8 

5.0 

6,650 

7,030 
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Estimated nwnthly discha1·ge of Gallatin River at Logan, Monta11a. 

! 

Montl1. 

1897. 
January ........ -...... - ......... 

February ............ ----
:March ............. 

April .............. 

May ....... --·-----
June ............... 

J nly .... : .......... 

August. _ ........... 

September ......... 

October ............ 

November .......... 

I 
December .......... 

Sec.-ft. 
12,000 

11,000 

10,000 

9, 000 

8, 000 

7, 000 

6,000 

5, 000 

4, 000 

3, 000 

2, 000 

1, 000 

0 

The year ....... 

,~ .. -~ .~E.: 0 .. tR~H 

I 

[Drainage area, 1,620 square miles.] 

Discharge in second-feet. 

Total in acre-
feet. Maxi- Mini- Mean. mum. mum. 

---

---- .......... ------·- a700 43,040 

-------- .................. a650 36,100 

·--- .......... ............... a650 39,965 
1,450 635 990 58,910 
6,460 1, 390 3,777 232,240 
6,270 1, 450 2,900 172,560 
1,330 400 694 42,670 

450 425 448 27,546 
550 450 518 30,823 
695 550 616 37,875 
800 610 674 40,105 
870 600 646 39,720 

------
.... ----~---· .... 1,105 801,554 

I 

aAJ)proximate. 

,AI~R~~ _.~ .. ~ J~~~ ~~L~ ,~u<;, ~gl>~ 

I 

. 

' 

Rnn~ 
Second-

Depth in feet-per 
inches. square 

mile. 

---

0.49 0.43 
0.42 0.40 
0.46 0.40 
0.68 0.61 
2.69 2.33 
2.00 1.79 
0.49 0.43 
0.32 0.28 
0.36 0.32 
0.44 0.38 
0.47 0.42 • 0.46 0.40 

I 
9.28 0.68 

OOC'tO ~ov0 .~[2~. 

~ IIIMIII 
FIG. 79.-Discha.rge of Gallatin River at Logan, Montana, 1897. 
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MADISON RIVER. 

The source of this river is in the continental divide, in Yellowstone 
National Park. Its course is northerly, in canyon most of the way, 
until it is some distance beyond the western boundary of the park. 
Ennis is at the lower end of an opening of considerable extent, called 
the Upper Madison Valley. Below Meadow Creek the bluffs close in 
ag-ain and the river is in canyon to below the mouth of Cherry Creek; 
·beyond this it gradually opens out into the lower valley. Little irriga
tion is practiced along the course of the river, except at its lower end. 

For several years previous to 1897 a gaging station on this river was 
maintained at Threeforks, just above the mouth. It has been a poor 
section, however, on account of the many sloug-hs which carry off the 
:flood waters and which were not included in the measurements. This 
station was maintained on account of the heavier expense of having 
one farther up in the canyon and because of the limited funds then 
allotted for the work. May 1, 1897, the station was moved 30 miles up 
the river and the gage established at Mrs. Black's ranch, just above 
the month of Elk Creek. Discharge measurements were made at the 
Red Bluff iron highway bridge, about 3 miles above. Cherry Creek 
enters between the bridge and the gage rod, and it was necessary to 

· measure its discharge whenever a measurement of the main river was 
made. The old station, as described in Bulletin No. 131, p. 18, was 
located at what is known as Haywood Bridge, 1 mile below the new 
iron bridge. 

In the table of monthly discharges the figures for the first four 
months of the year are for the Threeforks station. During the low 
stage, however, most of the water passed through the main channel at 
this point, so that the figures will be approximately correct for the Red 
Bluff station, as the river did not commence to rise until the end of 
.April. From May 18 to May 26, inclusive, the river was slightly over 
the top of the gage, so that it could not be read. The height probably 
reached about 4.20 feet, but the overflow was largely quiet water and 
the main discharge was confined to the old channel. It is not thought 
that the maximum discharge exceeded 12,000 second-feet._ 

Rating table for Madison River at Red Bluff, .Montana, for 1897. 

Gafte Dischar;;e. Ga~e Discharge. Gage Discharge. Gafte 
I :'"ha.ge., heig t. beig t. height. heig t. 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

1.0 1, 100 1.7 2,200 2.8 5,525 4.2 10,075 
1.1 1,200 1.8 2,450 3.0 6,175 4.4 10,725 
1.2 1,300 1.9 2,700 3.2 6,825 4.6 11,375 
1.3 1,450· 2.0 3,000 3.4 7,475 4.8 12,025 
1.4 1,600 2.2 3,600 3.6 8,125 5.0 12,675 

Li£ 1,800 2.4 4,225 3.8 8,775 
2,000 2.6 4,875 4.0 9,425 

I 6 
I 
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Estirnated monthly dischm·ge of Madison River at Red Bluff, Montana. 

[Drainage area, 2,085 square miles.] 

Montll. 
Mini- I 

----g 
1 

Run-ofr. 

Total in acre- Second-feet. 

Discharge in second-feet. 

Maxi
mum. mum. Mean. Depth in 

inches. 

-------'---------1·-----1---

1897. 1 

98,380 0.89 

88,859 0.80 

98,380 0.89 

113,058 1. 01 

205,264 1. 85 

263,600 2.36 

.January .....•..... r. __ •• __ .,. __ • __ • _ a 1, 600 

February .......... : .. __ ... _I_... . . . a 1, 600 
March _ . ___ . . . . . . . . ____ . . . . . . . . . . . . a 1, 600 

April .............. \ ................ a 1, 900 

May 2-17, 27-31..... 8, 613 3, 300 4, 928 

June ..... _._ ....... 1 8, 613 2, 700 4, 430 
July ... __ .. ___ .. _.. 3, 000 2, 000 .2, 553 156,980 1.41 

August . _ ..... ____ . 2, 000 1, 600 1, 681 103,360 0.93 

September . . • . . . . . . 1, 600 1, 525 1, 544 91,870 0.82 

October ............ 1,800 1,450 1,634 100,470 0.87 

101, 157 0.90! 

10!,529 0. 931 

N ovem her .....•••• _ _ __ . . . . . .. .. _.. a 1, 700 

December _____ ... --1- ___ .... :. _ ... ___ : a·1, 700 

a Approximate. 

Sec.-ft. 

feet per 
square 
mile. 

0.77 

0.77 

0.77 

0.91 

2.36 

2.12 

1. 22 

0.81 

0.74 

0.78 

~ 1 

12, 0001-t-+-+-t--+-+-t-i--f-+-l--+-+-+-+-l--+-l--+-4-+-t-i--f-+-+-+--+-t-il-+-+--+-4-+-i 

11, oooH-t-t-+-+-+-H-4-+-+-+++-+-H+++-+-H-4-++++-HH-++-+-~ 

10, OOOH-t-t-+-+-+-H-4-+-+-+++-+-H+++-+-H-4-++++-~H-++-+-~ 

D,OOOH-t-t-+-+-+-H-4-t-+-+,_+-+-H+++-+-H-4-t+++-HH-+-+-+-~ 

a Approximate. 

FIG. 80.-Discharge of Madison River at Rell Bluff, Montana, 1897. 
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JEFFERSON RIVER. 

Jefferson River is formed by the union of Big Hole and Beaver Head 
rivers. The former stream bas its source among the high and almost 
iuaccessible ranges of the Rocky Mountains, and forms the continental 
divide and the State boundary line between Montana and Idaho. The 
head-water tributary of Beaver Head River is Red Rock Creek, rising 
in the southwestern part of the State about 20 miles west of the bound
ary line of Yellowstone National Park. 

More or less irrigation is practiced in the valleys of the tributaries 
of Beaver Bead River, but in a somewhat crude way. The principal 
crop is alfalfa, and the method of applying water by flooding is produc
tive of considerable waste. The country is generally at too high an 
elevation for any but the more hardy crops. 

The most notable enterprise during the past year in this vicinity has 
been the power-development project on Big Hole River at Divide. A 
dam has here been placed in the river and the electric power developed 
is to be transmitted by wire to Butte, a distance of 17 miles, where it 
is to be used in the lighting of the city and as motive power for the 
street railways. The Montana ;Power Company controls the enterprise, 
and its n:iain object is to furnish power for the hoisting of ores from 
the mines in the vicinity of Butte. It is estimated that when com
pleted this project will have cost over a million dollars. Mr. M. S. 
Parker, engineer for the company, states that Big Hole River at the 
power house bad a very uniform flow from the middle of August, 1897, 
to the end of the year, averaging 350 second-feet. 

Within the past year work has been prosecuted on another ca!lal which 
takes water from Jefferson River, about 15 miles below the junction 
of Big Bole and Beaver Bead nvers, and is to be used for a smelter 
near Whitehall. The canal is about 10 miles long, but for several miles 
of its course runs through a limestone much cracked and :fissured. 
The loss of water through this section has been of such considerable 
extent that the company has been compelled to consider plans for pre
venting it. It is hardly feasible to close the fissures by silting them 
up, owing to their considerable extent, and it is probable that it will be 
necessary to constrnct a flume across this pla,ce. 

The gaging station on Jefferson River is located at Sappington, aud 
observations and measurements of discharge were maintained through 
1S97. The station is described and a list of discharge measurements 
and the table of gage heights given in Water-Supply and Irrigation 

· Paper No. 15, p. 70. A wire gage is fastened. to the guard rail of the 
Northern Pacific Railway bridge, but measurements of discharge were 
made from a car and cable erected a short distance above the bridge. 
During the low-water stage of the river in August the readings on the 
rod were minus, and on November 1 the rod was lowered 0.8 of a foot 
by moving it that much nearer ,to the pulley. 
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Rating table fo1· Jefferso1~ River at Sappington, Montana, for 1897. 

I h'!,~'/,t I D;"hMge. ! 
Gage 

Discharge.[ h~~lf~. Discharge. Gaf!e 

1

_:eChMge.l height. height. 

1--, : 
Second-feet. I I Feet. j Second-feet. ! Feet. Feet. Second-jeet.

1 

Feet. Second-feet. 

-0.5 390 il 0.4 860 1.6 2,500 3.4 6,600 
-0.4 420 ,. 0.5 940 1.8 2,900 I 3.6 .7,300 
-0.3 460 

i 
0.6 1,020 2.0 3, 300 ; 3.8 8,100 

-0.2 500 
I 

0.7 1,100 2.2 3, 700 I 4.0 8,940 
-0.1 550 I 0.8 1, 225 I 2.4 4,100 4.2 9,780 

! ! I 
0.0 600 : 0.9 1, 350 

I 
2.6 4,500 I 4.4 10,620 

0.1 650 I 1.0 1, 475 2.8 5,000 I 4.6 11,460 

lE_ 700 

j! 
1.2 1,775 

i 
3.0 5,500 I 4.8 12,300 I 

780 1.4 2,125 I 3.2 6,000 I 5.0 13,140 3 
~ 

I 
I 

Estimated nwnthly discharge of Jeffm·son River at Sappington, Montana. 

[Drainage area, 8,984 square miles.] 

~Month. 
Discharge in second.feet. 

Maxi· 
mum. 

Mini· 
mum. Mean. 

Total in acre. 
feet. 

Rrm-off. I 
Second· 

Depth in feet per 
inches. square 

mile. 

1---------1----------------1----[----1 

1897. 
January-·--------- ................ a1,500 92,230 0.20 0.17 
February ...•...... _ .... _ .......... a 1, 500 83,305 0.18 0.17 
March .. _ .................. 1 ...• .... ,a 1, 500 
April . . . . . . . . . . . . . . . _ ... _ . J . . . . . . . a 3, 300 
May .... _ .... _. . . . . 11, 040 I 5, 375 8, 587 

.Tune ........... --·· 7,900 I 2,900 4,274 
July ............... 4,100 1,100 2,356 
August ..... _ .. _.... 1, 100 550 794 \ 
September .. _ .. _. _ _ 860 550 758 

92,230 0.20 0.17 
196,364 0.41 0.37 
528,000 1.10 0.96 
254,320 0.541 0.48 
144,870 1 0.30 0.26 
48,820 0.10 0.09 
45,105 0.09 0.08 

October._ .. _ ..... _. 1, 225 780 1, 013 62,290 0.12 0.11 

November .......... -------T······- a1,300 I December..._ ...... =-:.:.:_:,== a1,400 

Theyear ..... ·····--·1------·-1 2,357: 

77,355 0.16 0.14 
92,231 

0.18 3 
1,717,120 3.58,- 0.26 

a Approximate. 
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Sec.-ft. 

12, OOOt-t--t-++-H--t--t-t--1H-+-t-t-H-t--t-t-H~-+++-!-+-+-+-+-1H+-t--l-l 

1, 000 

a Approximate. 
FIG. 81.-Discharge of Jefferson River at Sappington, Montana, 1897. 

MISSOURI RIVER. 

Occasional measurements at the gaging station at Townsend were 
made in 1897. A list of these is given in Water-Supply and Irrigation 
Paper No. 15, p. 65. Observations of gage heights are maintained 
by the Missouri ·River Commission, and although the section is not an 
ideal one, it still seems desirable to make occasional measti.rements, 
as the station is easily accessible and the daily gage observations are 
taken at no expense to this Survey. . 

In the fall of' 1897 a dam for an electric plant was practically com
pleted on Missouri River a short distance below Canyon Ferry. The 
power developed is to be transmitted by wire and to be used in the 
smelters in the vicinity of Helena. 

Rating table for Missouri River at Townsend, Montana, for 1897. 

I 

Ga!te Discharge. Ga!te Discharge. Gage Discharge. Ga!te 

D!"""'•··l heig t. heig t. height. heig t. 

1- . 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Secondjeet. 

88.0 1, 800 89.6 6, 110 91.2 12, 100 92.8 20,200 

88.2 2,200 89.8 6, 790 91.4: 13,000 93.0 21,300 

88.4: 2,600 90.0 7, 4:80 91.6 13,900 93.2 22,4:00 

88.6 3,04:0 90.2 8,180 91.8 14:,850 93.4: 23,500 

88.8 3,600 90.4: 8, 900 92.0 15,850 93.6 24:,700 

89.0 4:,200 90.6 9, 700 92.2 16,900 93.8 25,900 

89.2 4,810 90.8 10,500 92.4: ·18, 000 

I 
89.4: 5,4:50 91.0 11,300 92.6 19,100 
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Estimateclmonthly di1wltm·ge of Missouri Rit-er at Townsend, Jfontana, for 189G. 

[Drainage area, 14,500 square miles.] 

Discharge in second-feet. l I Run-off. I 
- -- --,Total in acre-~~------- -j 

)fonth. 

mum. 

Second- I 
M . . feet. I D tl . "' t 
m~~: :\lean. i~rh~;.n ~::u~:~· 

mile. 

Maxi-

i 
----~-~-1 

, ____ j 

1896. . I 
January ... ___ ...... -- ..... , ........ 

1 

a3, 600 

February ....... __ ......... , ........ a3, 600 
221,355 0. 29 I 0.25 

207,074 0.27 0.25 
1\faFch ..•.......• _ .. ; ...... : ........ a.3, 600 221,355 0.29 0.25 
April ........... __ ., 5, 780 3, 900 4, 215 250,810 0.33 0.29 
May ........ _.. . . . . 13, 675 5, 780 . 7, 494 

June .. _ .. __ ..... _ .. : 32, 500 15, 100 I 25, 904 

July .......... _ . _ • . 15, 850 4, 810 9, 199 

460,788 0.60 0.52 

1, 541, 395 I 1. 99 0, 78 

565,624 I o. 12 o. 63 

August ... - .... --.. 4, 500 3, 300 3, 953 

September . . . . . . . . . 4, 500 3, 900 4, 225 I 
243,061 I 0.31 0.27 

251, 405 1 o. 32 o~ 29 
October ......... _ .. i 4, 200 3, 600 3, 895 

November ......... i ................ a3, 800 

I Decem b. er ....... _. -/-__:~-__= ~ ... ~ ~ ... _·. ·_: a3, 800 

The yP.ar ..... I ... _ .... 
1 

••• _ ••• ·I 6, 4.4-0 I 

239, 494 I o. ·31 o. 21 

2261 116 I 0. 29 t 0. 26 

233, 653 I_ o. so_ 1_ o. 26 -j 
4-, 662, 130 ! 5. 71 I ~-o. 36 . 

a Approximate. 

Se•·.-~t. 

32, ooo ~~4-*""*-+..!~~l-.!f:~4-4~+-:r-i~--T--T-+~rf--!M:::..;.--T-..::r-+-:r-:r-t.....:.;::~~ 
30, ooo ~-+-+-+-l--1--+-1---lH-+-+-l--l-++41.._.-+-1-++--l-+-H-+-+-+-+-f-H-+-+-~ 
28, 000 1--t-+-t-+-t--t-t-1-lH--+-+--t-+-+--

26, 000 1--t-+-t-+-t--t-+-t-tH--+-+--t-+-~ 

24, 000 H-t~-+-+--+-+-~1--t--t-+-+--+-+ 

20, 000 H-+-f-+-+-+-+-~1--tH--+-+-t-

18, 000 H-+-f-+-+-t-+-J----,1-f-+-t--+-t-

16, 000 1--t-+-t-+-t--t-+-t-tH--+-+--+-+-

14, 000 H-+-f-+-+-+-+-t-----JI-tH--t--+-t-

12, 000 H-+~-+-+--+-+-~1--t--t-+-+--1-

10, 000 Hl--t-f-+-++-+-~1--t--t-+-+-+-

8, 000 1-1--t-+-+-t--t--t-1-lf-1--+-+-+-+ 

6, 000 H--t---J.-+-++--t-1-lf--1--+-:1: 

4, 000 H-+-1--+-1-~1-

:!,000 

a Approximate. 

FIG. 82.-Discharge of Missouri River at Townsend, Montana, 1896. 
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Esti1nated 1JW11tltly disch.m·ge of Missouri Rirer at 1.'o1V1Jsend, Molltlnw, for 1897. 

[Drainage area, 14,500 square miles.] 

Discharge in second-feet. 

Month. Total in acre-
• i feet. Mnxi- I Mini- : Mean. mum. mum. 

_i __ j 

Jannar~9~· •••••••....•. .. J ... .... I a~, 800 172, 170 
February . _ ....... _I_ .... __ . _ .. _ . __ . 1 a 2, 800 156,503 
~I arch . I 184,460 ................................................ ..... __ . a 3, 000 
April .............................. 11,300 4, 200 6, 995 416,230 

I 
May --......................... -... 21,300 9, 700 15,811 972,200 
June .............. 19,650 7,830 11,374 676,800 
July ............... 8,180 3, 300 5,345 328,6~0 

August .. ___ ....... 3,300 2,200 2,642 162,450 
September_ ........ 2, 820 2, 200 2,611 155,366 
October ............ 3, 600 3, 040 3, 264 200,700 
November ........... 3,600 3,300 3,410 202,900 

December------ .... .................. .................. a3, 600 221,355 
------

The year ....... __ .... · ...... _. 
i I 

5, 304 3, 8<19, 7841 

a Approximate. 

Run-

I 

Depth in 
inches. 

0.22 
0.20 
0 .. 24 
0.55 
1.26 
0.87 
0.43 
0.21 
0.20 
0.26 
0.27 
0.29 

5.00 

~ 
~I 
feet per I square 

mile. 

0.19 
0.19 
0.21 
0.48 
1. 09 
0.78 
0.37 
0.18 
0.18 
0.23 
0.2! 
0. 25 

0.37 

Sec.-ft. 
32,000~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

30,000 r;~-;-+-+,_T-+-+-~r;-+-+-+-r-rT-+-r-~r;-;-t-+~-r;-+-+-~-+-+-i 

28,000 ~~--i-+-+,_T-+-+-~r;~-+-+-r-rT-+-r-~r;-;-+-+~-rT-+-+-~~-+-i 

26, 000 ~-+---f-+-+,_+-+-+-H---f--1--+-+-+--1-+-+-t--~H---f-+-+-+-++-+-+-~-+-+-i 

24, ooo H--t-t-t--t-++-t-t-HH--t-t--t--t--t-+-t-t-HHH-+-t--+--t-+-+-+-H-+-+~ 
22, 000 ~-+---f-+-t-,_-t-+-+-HH-+-+-+-i--1-+-+--t--~H---f-t-+-t--+T-+-+-~~-+-i 

20, 01)0 H-+---f-+-+-+-+-+-+-HH--1--Il:+.--l--1--t-+--t-~H---f-+-+~-+-t-+-+-~-+-+-i 

18, 000 ~---f--i-+-+-+--t-+-+-t--HI-+-

16, 000 H--1----f-+-t--t--t-+-f-HH_.... 

14, 000 t--!--+--t'--+-f--t--+-+--1-+--1---ir-.-

12, 000 t--1--+--t'--+-f--t--+-+--1-+--f-f-

10, 000 H--1----f-+-t--t--t-+-+-H~ 

8, 000 t-t~--i-+-t-,_T-+-+-t-

6, 000 Hrl--iH-+-t--t--t-+-+c 

4, 000 t--1--+--tl-t-f--+--+-+-

2, 000 

a Approximate. 
FIG. 83.-Discbarge of Missouri River at Townsend, M:ontana, 1897. 
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MILK RIVER. 

Milk River rises on the eastern slope of the Rocky :Mountains in the 
extreme northern part of Montana. The tributaries have a general 
northeasterly direction, crossing the national boundary into British ter
ritory, in which there is a large area in the province of .Alberta drained 
by other tributaries of Milk River. The stream reenters the United 
States at about longitude 110° 30' W., and flows in a general south
easterly direction to Havre. Thence the course is easterly to where 
the river enters the Missouri, about 120 miles above the mouth of the 
Yellowstone. 

The valley of this river is fertile· and well adapted to agriculture for 
the hardier grains, such as oats, wheat, barley, and hay. Development 
in this section has been slow, however, owing to the lack of transporta
tion facilities, the Great Northern Railway having only been built 
within recent years; and until recently the entire strip of country 
between the eastern State line and the Rocky Mountain divide, and 
bounded on the south by the Missouri and .Marias rivers, including 
the basin of Milk River, was an immense Indian reservation. It was 
thrown open to settlement, however, a few years ago, and development 
since has been rapid. The area drained by Milk River after it reenters 
the United States is one vast rolling prairie land, excellent for grazing 
purposes, still covered with a good growth of grass, in contrast to many 
of the noted grazing lands in Washington and Oregon and other parts 
of Montana, which have been nearly destroyed by the amount of stock 
maintained on them. 

A number of canals are now constructed taking water from both 
sides of Milk River. The most important is that of the Fort Belknap 
Irrigation Company, which heads on the north side of the river about 
10 miles abo.ve the gaging station at Chinook, and near old Fort Belknap, 
and is controlled by a corporation of farmers and stock men irrigating 
lands in the vicinity of Chinook. A small ditch, the Davey ditch, 
heads on the south bank of the river just below Toledo and extends 
from there to Yantic. The next ditch o~ importance is Harlem canal, 
owned by a stock company and irrigating lands, between Zurich and 
Harlem. Paradise Valley canal is an enterprise of considerable mag
nitude, taking water from the south side of Milk River just below the 
mouth of theN orth Fork and about 5 miles east of Chinook. .Anum
ber of smallc3r ditches irrigate lands on private ranches from the tribu
taries of Milk River, the most notable being North Fork ditch. Cook 
ditch is a recent enterprise from this latter tributary. 

The main crops raised here are oats and hay, which find a ready 
market at the military posts, and on the stock ranches where, on account 
of the severe winters, the more progressive stockmen have found it 
necessary to feed their stock during the winter season. 

Owing to its great length 1\Iilk River, in the lower section, is at such 
a distance from the high snow fields of the Rocky 1\fountains that the 
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gradual melting of the snow in the spring does not maintain the con
stant flow in the river that it otherwise would. The snowfall on the 
lower basin in some winters is considerable, but, the altitude being 
relatively low, whenever a warm wind, or "chinook," as it is called, 
strikes the snow, it melts with exceeding rapidity, finds its way into the 
creeks, and causes them to rise to considerable heights. Milk River, as 
a result, is a very flashy stream, rising and falling suddenly and eroding 
its banks at each rise. On account of the instability of the banks it 
has been found difficult to maintain canal headworks, and a number 
have been destroyed from time to time. So variable a stream, as a 
general rule, has a low discharge in summer, and Milk River is no 
exception to the rule. The last year or so the Fort Belknap and 
other ditches have found it difficult to obtain sufficient water during 
the irrigating season. The basin, as mentioned above, is of a rolling 
character, intercepted by numerous draws, or coulees, down which water 
pours during certain seasons of the year. A number of these are known 
to be excellent reservoir sites, and some of the ranchers are consider
ing the advisability of damming a number of them at" their outlets and 
storing the spring freshets. 

One in particular, not very far from Chin0ok, in Red Rock Canyon, 
is a fine site, and construction work on a rock and earthen dam was to 
have been started in the fall of 1897. Owing to the desirability of 
obtaining an idea of the amount of flood water passing down this stream, 
especially in conuectiou with reservoir propositions, a ,gaging station 
was established at the wagon bridge, 1 mile south of Chinook, May 25, 
1897. This station is described in Water-Supply and Irrigation Paper 
No. 15, p. 73. Only three measurements of discharge were made, 
the number not being sufficient to construct a rating table. May 25, 
gage height, 1.40 feet; discharge, 110 second-feet; July 3, gage height, 
2.30 feet; discharge, 460 second-feet; November 10, gage height, 0.72 
foot; discharge, 34 second-feet. To illustrate the rapid rise of this 
stream it is only necessary to inspect the table of gage heights. For 
instance, on June 15 the gage read 0.8foot; thenextdayitwas1.4feet. 
On June 17 it jumped to 9 feet and then gradually fell. 

The station was discontinued at the end of October. It was resumed 
in the spring of 1898, but will be remm.Ted to Havre, about 20 miles 
above. This places it above the head of Fort Belknap ditch, which 
takes a considerable amount of water, and the measurements will show 
the amount available for storage purposes. 

YELLOWSTO~TE BASIN. 

YELLOWSTONE RIVER. 

Tllis river has its source in Yellowstone Lake in the National Park, 
and where-it crosses the line into Montana has a large flow throughout 
all seasons of the year. A description of the basin will be found in the 
Tllirteenth Annual Report of this Survey, Part III, beginning on page 
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63. The old gaging station on this river was located at Horr, about 
4 miles below Cinnabar. A new station was established May 2, 1897, 
at the highway bridge 5 miles south of Livingston, at the mouth of the 
canyon. The description and list uf discharge measurements made in 
1897 at this station will be found in Water-Supply and Irrigation Paper 
No. 15, p. 7 4. All diversions from this river are made below the 
station. 

The only pr~ject of considerable magnitude during 1897, in the line 
of irrigation developments along this river, was in the vicinity of Bill
ings, and was the result of a desire to take advantage of the grant by 
the General Government of certain arid lands authorized by the so
called Carey Act. The State has undertaken the construction of a 
canal heading on the north side of Yellowstone River, a short distance 
above Laurel, with the idea of irrigating the bench lands in the vicinity 
of Billings. A number of canals are already taken from the river in 
this vicinity, but they serve only the bottoms. For a few years these 
lowlands produced excellent crops, but within the last year or so con
siderable alkali has developed in the soil. Experiments are now being 
made at the Agricultural College in Bozeman to devise means to over
come this. The bench lands, which the State· ditch, as it is called, is 
to irrigate, are of better quality than those adjacent to the river. The 
work on this ditch was interrupted in 1897 owing to a number of law
suits instituted in order to determine the validity of the State bonds 
which have been issued for its construction. The State, through a 
Commission, is building the ditch, 1mying for the work either in bonds 
or in land. 

Rating table for Yellowstone Ri'Ver at Li'Vingston, J1fontana,jo1' 1897. 

Gage 
height. Discharge. [ Gage 

1 
height. 

Feet. Second-feet. Feet. 

0.7 1,200 2.0 
0.8 1, 300 2.2 
0.9 1,400 2.4 
1.0 1,500 I 2.6 

I 
1.2 1,800 I 2.8 
1.4 2,120 I 3.0 
1.6 2,5CO 3.2 
1.8 2,900 3.4 

I' 
Discharcre I G:tge 

o • height. 

I 

Second-feet. I Feet. 

3,300 :1. 3.6 
3,710 

'I 

li 3.8 
4,130 

II 
4.0 

4,550 4 .. 2 
II 

4,990 
I! I 4.4 

5,440 4.6 I~ 
I 6,000 ,I 4.8 ,: 

6,650 5.0 

Di•chO<g•.ll h~~~~ --~--. -~, ... ;.,.1 
Second-jeet.fl 

7, 600 ~. 

8,840 
I 

10,080 
11,320 
12,560 
13,800 
15,040 
16,280 

Feet Second-feet. 

5. 2 17,520 
5. 4 18,760 
5. G 20,000 
5. 8 21, 2±0 
6. 0 22,480 
6. 2 23,720 
6. 4 

6.6 
2±,960 
26,200 
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Estimated monthly discha1·ge of Yellowstone Rive1· at Livingston,· Montana. 

[Drainage area, 3,580 RQU::tre miles.] 

I 
Discharge in second feet. 

I Toto!;.,~"'· . 

Month. feet. 
Maxi- Mini- Mean. mum. Ill IIlli. 

---
1897. 

~lay ................................. 23, 100 3,200 13,402 824,057 

June.------ ........ 26,820 10,080 15,257 907,850 

July.---------- .... 11,940 5,100 7,231 444,620 

August.------------ 4,9!:!0 3, 100 4,099 252,040 

September ... ------ 3,100 1,950 2,450 145,780 
October ....... __ • _. 2,210 1, 650 1,915 117,750 
November ___ .. ____ . . a1,600 95,207 . -........ - .... ..................... 

December ___ .. ____ . ....................... .................. a1,300 79,934 

a Approximate. 

Sec.-ft. 

Run-

D~pth in I 
inches. 

I 

4.31 
4.75 
2.33 
1.33 
0. 75 
0.61 
0.50 
0.41 

~ 
~~ 
feet })er 
square 
mile. 

3.74: 
4.26 

2.02 
1.15 
0.68 
o. 53 

iEJ· 

24, ooo H-t-t-t--t-H-t-+-t-t-H-+-1+-t-H-++++--HH-+++-l--1--t-l---l-+-1 
22, 000 H--:-t--1-+-t--t--1-t-HH--f-+-

20, 000 t-t-+-+-+--t--+---1-+-+-+-+---1--+-

16, 000 H-f---f-+-++-+--+-.J..--jH---J.--l--

14, 000 HH--Ii-J--t--t-+-t-+-H--f--l-

12, 000 1-i-t-i-+-+-+--+--1--~H--J-+-

FIG. 84.-Discharge of Yellowstone River at Livingston, Montana, 1897. 
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List of miscellaneous discharge measurements, Upper Missouri Ba8in. 

i= I Meter Gage Area of Mean Dis-Stream. Locality. num-
ber. height. section. velocity. charge. 

---------

1897. 
Feet per 

Feet. Sq.feet. second. Sec.-feet. 

May 9 Spanish Creek. Gallatin Can- 7fJ ............. 47 3.49 164 

yon. I 
May 26 Missouri River. Fort Benton, 75 5.6 5,046 5.68 28,662 

Montana. 

July 3 North Fork of Chinook, Mon- 75 -·------ 46 1. 55 72 

Milk River. tan a. 

Do --1 West l:..,ork of __ --.do __ ------ 75 .. -- ...... -. 97 .95 93 

I Milk River. 
Great Falls, 75 66 3.90 256 July 5 Giant Springs_ ... -.... ----

Montana. 

Aug. 25 Smith Creek. _. 15 miles sw. ......... ................ 13 1.18 16 

I 
of Augusta, _j Montana. 

BIGHORN VALLEY. 

SHOSHONE RIVER. 

Hydrographic work in Bighorn Valley has been confined to meas
urements on two tributaries, Shoshone River (or Stinkiug Water, as it 
was formerly termed) and Grey Bull River. In 1896 two stations were 
established on Shoshone River, one on the South Fork at Marquette 
and the other on the main river at Corbett. No measurements of dis
charge were made, however. A record of gage heights for a period of 
about a month only at each point was maintained. The gage rod at 
Corbett was connected with the precise levels of the topographic divi
sion of the Survey, and the zero was found to be at an elevation of 
4,653.02 feet above sea level. 

TheN orth Fork of the Shoshone rises on the eastern edge of Y eUow
stone National Park and flows in an easterly direction through the 
Yellowstone Park Timber Land Reservation. Ranches begin to appear 
on the river in the vicinity of RolJie Creek, and from that point occa
sionally downstream. Water for irrigation is used not so much from 
the main stream as from the creeks entering it-as, for example, 
Trout and Rattlesnake creeks, which furnish water to several ranches 
in their valleys, principally for the irrigation of hay. 

Similarly on the South Fork a few ranchers irrigate hay lands on 
the side creeks. In 1895 a canal called the Cody ditch was taken 
from the right bank of the South Fork of Shoshone River at 1\iar
q uette. The idea was to bring the ca.nal in an easterly direction across 
Sage Creek and irrigate lands on the east side of the latter stream. 
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The canal was constructed for about 6 miles down to Cedar Moun
tain, where it encountered some bad land, or gypsum land, as it is 
called in that vicinity. This formation continues almost to Sage 
Creek, and on this account the project for continuing the canal was 
abandoned. This bad-land formation is exceedingly poor for canal 
construction, as it causes great loss of water and is of such a slippery 
nature that canal banks will not stand upright. The canal project was 
modified to the extent of continuing the canal after passing 0'\5er the 
stretch of the bad-land formation at Cedar Mountain down to Sho-

FIG. 85.-Map of Bighorn Baein, Wyoming. 

shone River and crossing just above Corbett. The country north of 
this town and west of the river is susceptible of irrigation. The only 
irrigated land at present under the canal is a section of about 3,000 
acres lying in the triangle bounded by Cedar Mountain on the north
east, the South Fork of the Shoshone on the west, and the canal on 
the south. The canal is not yet completed to Corbett. .At the head it 
is 40 feet wide on the bottom., The drainage area of the South Fork at 
Marquette is 500 square miles; of the main river at Corbett, 1, 718 
square miles. 
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During the summer of 1897. surveys for a large canal from the main 
river were started, heading a short distance above Lovell. They were 
made under the law. known as the Carey Act, which allows canal com
panies to obtain control under State supervision of a certain tract of 
land. A gaging. station was established on this river at Lovell, May 
23, 1897. The rod is fastened to the landing pier of the Lovell ferry 
on the south side of the river. The station is described in Water
Supply and Irrigation Paper No. 15, p. 76, which gives the list of dis
charge measurements, together with the table of daily gage heights. 
Following is, first, the rating table for this station, and next, the table 
of monthly discharges. The station was established during the middle 
of the flood season, so that the total discharge for this year can not be 
known. 

Ratinu table for Shoshone· Rivet· at Lovell, Wyoming, jo1·1897. 

Ga~e 
heig t. D" b I Ga~e ISC arge. heig t. I Discharge. 

Gage 
height. Discharge. Gaffe 

heig 1t. :"hug~ I 
Feet. Second-feet. Feet. Second -feet. Feet. Second-feet. Feet. Second-feet. 

-0.8 310 -0.2 800 0.8 3,060 2.0 6,540 
-0.7 360 ! -0.1 920 1.0 3, 640 2.2 7,120 
-0.6 430 0.0 1,080 1.2 4,220 2.4 7,700 
-0.5 500 0.2 1,450 1.4 4,800 2.6 8,280 

~ 
600 0.4 1,900 1.6 5,380 2.8 8,860 
700 0.6 2,480 1.8 5,690 3.0 9,440 3 

I 

Estimated monthly discharge of Shoshone River at Lovell, Wyonting. 

[Drainage area 2, 720 square miles.] 

I 
Discharge in second-feet. Run~ 

Month. Total in acre- Second-feet. Maxi- Mini- Mean. Depth in -feet per 
mum. mum. inches. square 

mile. 

1897. 
June . _ .... ____ ..... 9,440 3,640 6, 124 364,400 2.51 2.25 
July .. _ .. ___ . ___ ... 6,250 1,250 3,176 195,280 1. 35 1.17 

August .... ··-- ..... 1,650 430 777 47,780 0.33 0.29 

September-------·. 360 360 360 21,422 0.14 0.13 

I October _______ . ___ . ·----· •• I ____ •••• a350 21,520 0.15 0.13 
November. ___ .: ___ . ~~~~ ~~~J~~~ ~~~~ a350 20,8261 . 0.14 0.13 

December··---·---· a350 21,520 0.15 0.13 
I 

a Approximate. 
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Sec.-ft. 
12,000 

11,000 

10,000 

9, 000 

8, 000 

7, 000 

6,000 

5, 000 

4,000 

3,000 

2,000 :j 

1,000 
ja Ia 

0 
I 

a Approximate. 
FIG. 86.-Discharge of Shoshone River at Lovell, Wyoming, in 1897, 

BIGHORN AND NO WOOD RIVERS. 

A discharge measurement was made on each of these rivers in 1897, 
by Messrs. Elwood Mead and 0. T. John~ton. August 21, No Wood 
River at Morgan's ranch, 4 miles above its mouth, was found to be 
discharging 109 second-feet. This point is near Warren, shown on the 
sketch map, fig. 85 (p. 291 ). On the same date Bighorn River was carry
ing 1,804 second-feet at Alamo, Wyoming. 

GREY BULL RIVER. 

This stream enters Bighorn River about 30 miles south of the mouth 
of Shoshone River. The irrigation conditions that prevail in this basin 
are similar to those in tbe adjoining basin of the Shoshone. A number 
of ranchers are located at the head waters of the river, and each one 
takes out sma1l ditches, principally from the small tributaries, to irri
gate his land. At the mouth of Wiggins Creek is the upper settle
ment. Continuing downstream ranches are found · on Rock Creek, 
Frank Creek, and a model stock ranch on Timber Creek. Below Mee
teetse the greater portion of the irrigable land is on the north side of 
the river. The. altitude at Meeteetse is given as 5,925 feet. _ At 
Fenton is taken out a ditch, from the left bank, known as the Mormon 
ditch. It is 10 miles long and 12 feet wide on the bottom. It irrigates 
considerable land between Feutou and Otto, and is controlled by a 
Mormon ·settlement. The irrigation possibilities of this basin are 
among the best in the State of Wyoming, and considerably superior 
to those in the southern part of the State, as the general eleva
tion of the country is 2,500 feet lower. The great drawback at present 
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is the lack of railroad facilities, which prevents the export of any of 
the crops, and, as a result, the demand is limited to home consumption. 
The distance to the nearest railroad line is about 100 miles. The proba
bilities are that one or two railroads will be built into the country 
before long, as a number of surveys have beeu made with this in view. 
On Pl. XXXII, A is shown the bridge at which measurements bf Grey 
Bull River are made, and B gives a general view of the town of 
Meeteetse. 

Rating table j01· G1·ey Bull Ri1:er at Meeteetse, Wyoming, fm· 1897. 

Gage Diooh=g•·ll Gage 

Di"''=•··l 
Gal-he Discharge. j. h?1~'1,~. rnoch><ge., height. height. heig t. 

'---1-
! I 

Feet. Second-feet. Feet. Second-feet. I Feet. Second-feet. i Feet. Second-feet. 

1.9 65 2.7 170 3.5 564 1 4.3 1,140 
2.0 75 2.8 190 3.6 636 ! 4.4 1,212 
2. 1 85 2.9 220 3.7 708 4.5 1,284 
2.2 95 3.0 270 3.8 780 4.6 1,356 
2.3 105 3.1 320 3.9 852 4.7 1,428 
2.4 120 3.2 370 4.0 924 4.8 1, 500 

~ 
135 3.3 420 4. 1 996 

I 150 3.4 492 
I 

4.2 1,068 6 

Estimated monthly dischm·ge of Grey B1tll Rive1· at 3feeteetse, ,Wyoming. 

[Drainage area, SiO square miles.] 

Discharge in second-feet. Run~ 
Month.' Total in acre- Second-

Maxi- Mini- feet. Depth in feet per 
mum. mum. Me~. inchf>s. square 

mile. 

·---
I 

1897. I 
June 14-30 ......... 1,500 320 943 31,795 0.68 1. 08 

July ......... -----· 1,608 245 513 31,542 0.68 0.59 
August ............. J 636 105 299 18,385 0.39 0.34 

September.··---- .. 1 135 65 104 6,189 0.13 0.12 
October .... _ .... _ .. I a100 6, 149 0.13 0.11 
November ....... _ .. 

-- .. -- .,. --- ---. 
a100 5,950 0.12 0.11 ---·-··1···· ---· 

December ......... I ....... 

1 

........ a100 6, 14!} 0.13 0.11 

a Approximate. 
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Sec.-ft. 
2,400 

2,200 

2,000 

1,800 

1,600 

1,400 

1,200 

1,000 

800 

600 I 

400 

200 

-"~0 IREC loA•o r.- a 

0 
a Approximate. 

FIG. 87.-Discharge of Grey Bull River at Meeteetse, Wyoming, 1897. 

GOOSE CREEK. 

The two stations on Big and Little Geose creeks in the town of Sheri
dan, Wyoming, were continued during 1897, and the results are given 
in Water-Supply and Irrigation Paper No. 15, p. 77. Although no 
measurements of discharge were made, the rating tables constructed 
from the measurements in 1896 are applicable to the gage-height record 
for 1897. These rating tables are to be found in the Eighteenth An
nual Report, Part IV, pp. 136-137. The conditions prevailing in this 
drainage basin are similar to those of a number of other streams in 
Wyoming. Reference is made to the diversion of water from the head 
waters of one stream into those of another, to be again diverted some 
distance below for irrigation purposes. In this connection the follow
ing is quoted from the biennial report of Elwood Mead, State engineer· 
of Wyoming, for 1895 and 1896, pp. 108-110: 

The stations for recording the flow of Big Goose Creek and Little Goose Creek are 
both within the corporate limits of Sheridan. The two streams unite within the 
limits of the town, and as the municipal authorities have straightened and improved 
the channels it is a favorable location for securing observers and for obtaining
correct gaging results. 

The station on Little Goose Creek is only a few hundred feet above where it 
empties into Big Goose Creek, hence the record does not show the water supply of 
the stream, but the volume which runs to waste. The station on Big Goose Creek is 
also below all important ditches, since beyond the town of Sheridan the valley is nar
row and but little land can be irrigated. The records of both these stations give no 
information of the volume which they supply, but only that which runs to waste. 
It would be interesting if a record of the entire flow of these streams could be had, 
since it would furnish some interesting comparisons and a measure of the volume 
used. This is out of the question at present, for reasons which are worthy of some 
discussion. 
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For several years there has been a recognized scarcity of water in Little Goose 
Creek for late irrigation, only the older priorities being undisturbed throughout the 
season. The rule is .for the water commissioner to begin dividing water in June and 
to continue until September, which inakes the rights of late appropriators exceed
ingly precarious. Several measures have been devised to relieve this shortage. 
Some of the later appropriators have constructed ditches to divert water from Big 
Goose Creek. The Peralto, one of the largest ditches in the valley of Little·Goose 
Creek, receives its entire supply from this source. The taking of water from one 
stream to the other is made easy by the fact that the head waters of Big Goose Creek 
drain the summit of the range, while the tributaries of Little Goose Creek begin in 
the mountains below. The transfer is made far back in the range, the head gates of 
the diverting ditches being 10 miles above the place where Big Goose Creek emerges 
from the mountains, and the water enters Little Goose Creek 9 miles away from and 
2,000 feet above the head of the first irrigating ditch taking water from that stream. 

The transfer of water from one stream to another is a perplexing question under 
any conditions, because of the local jealousies which it creates and the difficulty of 
measuring and dealing with the quantity involved. It is especially RO in this 
instanco. It requires nearly a week's journey from Sheridan to visit the heads of 
the three ditches turning water from one stream to the other, to measure their flow, 
and to return. Frequent examinations are therefore out of the question. It is almost 
equally difficult and expensive to reach the point where the water turned into Little 
Goose Creek enters the stream, and the rocky and irregular channel over which it 
flows makes measurements of even approximate accuracy out of the question. It 
would be too expensive, therefore, to base the division on actual measurements, and 
the water commissioner must, as a rule, exercise his best judgment in the disposition 
of the water so diverted, with but little assistance from the inadequate data which 
he can secure and with his efforts badly handicapped uy o_pinions and desires of 
irrigators, which vary with the interests and prejudices cf those who hold them. 

The appropriators of the normal supply natumlly fear that the appropriators of 
water turned into the stream from other sources divert more than they supply, and 
this opinion becomes very active when early users from the stream are without water 
while adjoining ditches, built at a later date, have an abundance, simply because of 
their superior source of supply. 

With the growing use of water on Big Goose Creek and a consequent threatened need 
to supply the irrigators in its own dr::tinage basin there has come the opposite com
plaint-that the amount turned into Little Goose Creek is in excess of the appro
pria.tors' rights on that stream and that the surplus is being utilized by those having 
no legal right thereto. Only actual measurements of the :flow of both streams 
above all ditches and of the volume transferred will determine the actual situation 
and the extent to which these conflicting opinions are founded on facts; but as yet 
they are not of sufficient practical importance to warrant establishing a station and 
employing an observer to make daily measurements of the mountain ditches, and 
without this it is impossible to determine the normal flow of either stream. In fact, 
it will be difficult to make these measurements when they become indispensable, as 
they will in time. A station located in the canyon of Little Goose Creek would be 
above ten of its tributaries. These would have to be measured if the total volume 
of the stream was to be determined, and the diversion of these begins as soon as 
they leave the mountains, so that only seepage or waste water reaches the main 
stream. 

The stations established at Sheridan, while they throw no light on the question 
as to how accurately the commissioner regulates the water turned from one stream 
to the other, show the period of scarcity on Little Goose Creek and whether or 
not the diversion of water causes any loss to .irrigators on the large stream. They 
are also of value in connection with the subject of _storage. During the past four 
years surveys baYe been made which show the existence of a large number of 
morainal lakes on the head waters of both these streams anu late appropriators have 
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already begun their utilization. Before making any large outlay parties wish to 
know the length of tl.Je period in which water runs to waste and the volume of the 
surplus which can be thus impounded, and this feature of the reoord will be most 
closely studied and of most value. 

Estimated monthly discharge of Little Goose C1·eek at Sheridan, Wyoming. 

[Drainage area,128 square miles.] 

~Month. 
Discharge in second-feet. Run-g 

I 

Total in acre. Second-feet. Maxi- Mini- Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

---
1897. 

May 21-31. ......... 207 72 129 2,816 0.41 1. 01 

~--············ 111 8 44 2,618 0.38 0.34 

I 
.... --. -..... ---. 16 8 9 553 0.08 0.07 

Estimated 1nonthly discharge of Big Goose C1·eek at Sheridan, Wyoming. 

[Drainage area, 320 square miles.] 

Discharge in second-feet. Run-off. 

I Month. Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. ' inches. square 

mile. 

---
1897. 

I 

May 21-31. ......... 595 179 349 7, 612 0.45 1. 09 

Jnne .......... - .... 307 64 132 7,854: 0.46 0.41 

I 
July ............... 75 17 37 2,275 0.14 0.12 

CLEAR CREEK. 

The measurements on Clear Creek are made by Fred Bond· at a point 
about 4 miles west of Buffalo, Wyoming. They are made at a flume 
built in 1889 for the purpose of obtaining accurate figures of discharge. 
A description of the station and list of heights of water observed 
during 1897 are given in Water-Supply and Irrigation Paper No. 15, 
p. 7i:5. 
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Estirnated rnonthly discha1·ge of Clea1· C1·eek at Buffalo, Wyoming. 

[Drainage area, 118 <~quare miles:] 

1_R_un-~ Tota}1~t~cre- ~I r-- Month 

Discharge in second-feet. 

I 

1897. 
May ······---------
June.-----·---·----
July . ____ ~ _________ 

August -... -- .... ----. 
September_--------
October . _____ . _____ 

November _____ . __ -.-
December . _________ 

Maxi
mum. 

632 
657 
246 
82 

--------
.................... 

... --- ...... -. 
---- -- ...... 

100 .-.+-+--+--1--1~4-+-l"-+-

o~~--~~~~~ 

Mini
mum. 

209 
189 
55 
39 

--- ............ 

............... ---
-------· 
.................. 

~Jean. 

345 
280 
112 
54 

a30 

a30 

a30 

a26 

a Approximate. 

Depth in feet per 
inches. sqnare 

mile. 

21,214 3.37 2.92 
16,66~ 2.64 2.37 
6,887 1. 09 0.95 
3,320 0.53 0.46 
1,785 0.28 0.25 
1,845 0.29 0.25 
1,785 0.28 0.25 
1, 599 0.25 0.22 

FIG. 88.-Discharge of Clear Creek at Buffalo, Wyoming, 1897. 

WHITE RIVER. 

White River rises in the northwestern corner of the State of Nebraska, 
but soon passes the State line and enters South Dakota, where it 
drains a strip of country in the southern section of the State and 
finally enters Missouri River. A gaging station is located at Crawford,. 
Nebraska, where the drainage area is only 270 square miles. The gage 
rod is placed against the stop gate in the canal of the Crawford Water 
Power and Irrigation Company, about one-eighth of a mile below the 
head. All of the water of White Hiver is diverted into this canal and 
only an insignificant amount escapes between the head of the canal 
and the gage. On June 26, 1897, a measurement was made on White 
River below Crawford, Nebraska, and a discharge of 13 second-feet 
ascertained. The station is described in vVater-Supply and Irrigation 
Paper No. 15, p. 79. 
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Rating table for White Rit·e~· at Crawf01·d, Nebraska, for 1897. 

I Gage I D' Gage Discharge. Gage Discharge. Ga~e Discharge. height. Ischarge. height. height. heig t. 

---

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

0.3 8.3 0.5 9.7 0.7 12.0 0.9 15.4 
0.4 8.9 0.6 10.7 0.8 13.6 _j· 

Estimated monthly dischm·ge of White River at Cratvf01·d, Nebraska. 

[Drainage area, 270 square,miles.] 

I 
Discharge in second-feet. R=-g 

Month. Total in acre- Second· feet. Maxi- Mini- Mean. Depth in feet pt3r 
mum. mum. inches. square 

mile. 

---

1897. 
July 13-31. ......... 18 10 13 490 0.05 0.05 
August ............. 14 9 11 676 0.04 0.04 
September ......... 12 9 11 655 0.04 0.04 
October ............ 16 12 14 861 0.05 0.05 
November .......... ---- ---- -------- a 15 892 0.07 0.06 
December .......... ---- ---- ---- ---. a15 922 0.07 0.06 

a Approximate. 

NIOBRARA RIVER. 

· This river drains an area in the northern part of Nebraska and a 
small area in South Dakota. The gaging station is located about three
quarters of a mile southwesterly from Fort Niobrara and about 3 miles 
east of Valentine, Nebraska. .A. sufficient number of discharge meas
urements on which to base a rating curve were not made at this point. 
The station is described in Water-Supply and Irrigation Paper No. 15, 
p. 80. The area drained at the point is 6,300 square miles. 
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List of miscellaneoMs discharge nteasurem,ents, Niobra1·a Basin. 

Date. Stream. Locality. Meter. Area of Mean Dis· 
section. velocity. charge. 

---------

1897. Sq.jeet. 
Feet per 
1econd. Sec.-feet. 

,June 22 Niobrara River Niobrara, Nebraska. . --- .... 382 1. 99 759 

June 24 Minnechadusa Valentine, Nebraska Price . 17 1. 25 21 

River. 

June 25 Niobrara River Lavaca P. 0., Ne- . .. do .. 46 2.25 105 
braska. 

July 23 Gordon Creek . Sec. 15, T. 32, R. 29 .. ... do .. 2 1.68 4 

Do ... Snake River ... Mouth southwest of ... do .. 84 3.33 280 

' 
Val en tine, Ne-

I Jnly 24 

braska. 

••••. do •..•.... Kennedy, Nebraska. ...do .. 1 1. 97 215 

PLATTE BASIN. 

LARAMIE RIVER. 

Laramie River, a tributary of North Platte River, rises in L~ramie 
Lake, in the northern part of Colorado, and after flowing northerly for 
·about 30 miles crosses the State line into Wyoming. The valley along 
this section averages about a mile wide, and more or less irrigation is 
practiced, principally o~ hay ranches. The highest point of diver
sion of the waters is the canal of the Water Supply and Storage Com
pany of Colorado, called the Sky Line Canal, which takes water into 
Cache la Poudre River. It is at an elevation of about 10,000 feet and 
is 5 miles long, built principally through solid rock, at a cost of about 
$90,000. A view of it is shown in Pl. XXXIII. Its maximum capacity 
is 100 second-feet. On account of its altitude this canal is not practi
cally available until late in J nne. The taking of this water from Lara
mie River is a source of loss to irrigators in Wyoming, as none of the 
water returns to the stream through seepage or percolation. A number 
of canals from Laramie River in Wyoming have prior appropriations 
to the Sky Line Canal, but owing to the present existing irrigation laws 
the Wyoming appropriators appear to have no redress. 

The valley of Laramie River, in Colorado, is at a general elevation 
of 8,000 feet, and is separated from the second diversion of the 
basin-that of the Laramie Plains-by a canyon 8 miles long. The 
gaging station at Woods Landing is located near the mouth of this 
canyon, and the results show the amount of water available for the 
canal systems below, of which there are quite a number. The systems 
in operation, with those contemplated, will require more than the avail
able supply, including the diversion by the Sky Line Canal. Little 
Laramie River is fully appropriated by the canals from it. No meas-
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nrements have been made of the flood flow of this tributary that 
would give data of the water available for storage purposes. The gen
eral elevation of Laramie Plains is 7,000 feet. When Laramie River 
bends eastward it enters another canyon and passes through the Lara
mie Hills to the third plain, which extends from the eastern edge of 
this range to the mouth of the river. 

Rating table for Laramie River at Woods Landing, Wyoming, for 1897. 
I 

Gage Discharge. Gafte Discharge. height. heig t. 

Feet. Second-feet. Feet. Second-feet. 

0.4 45 1.0 125 
0.5 50 1.2 200 
0.6 60 1.4 290 
0.7 70 1.6 410 
0.8 85 1.8 550 

' 0.9 100 2.0 710 

Gage 
height. Discharge. 

Feet. Second-feet. 

2.2 940 
2.4 1,170 
2.6 1,400 
2.8 1,630 
3.0 1,860 

Gage 
height. 

Feet. 

3.2 
3.4 
3.6 
3.8 
4-.0 

D. 

-
Se 

"'""'•··] 
cond-jeet. 

2,090 
2,320 
2,550 
2,900 

3,300 I 

Estimated monthly discharge oj.Lararnie River at Woods Landing, Wyoming. 

[Drainage area, 435 square miles.] 

~Month. Discharge in second-feet. Rnn~ 
Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 

mum. mnm. inches. sqnare 
mile. 

---
1897. 

January -----. ---.- ... ---. -- ........ -........ a70 4,304 0.18 0.16 
February "' ... -..... -.. - ... --- ..... ....... -...... - a70 3,888 0.17 0.16 
March ...... - .. -...... -.... -------- . .. -.. -...... a70 4,304 0.18 0.16 
April 

-----·---~---- 350 48 128 7,617 0.23 0.29 
May ..•••.......... 3,425 4-43 1, 964 120,762 5.22 4.52 
June ....•.......•.. 2,700 550 1, 564 93,064 4.01 3.60 
July ............... 475 125 266 16,356 0.70 0.61 
August .........•... 183 70 93 5,718 0. 24- 0.21 
September ......... 70 60 65 3,868 0.17 0.15 
October ............ - .. -. ---. ---. ---- a60 3,689 0.16 0.14 
N ovem her .......... . -.. -- .... . - .. -- .... - {£65 3,868 0.17 0.15 

I December .......... .:..::..:.:.:.. .:..::..:.:.:.. a70 4, 304 0.18 0.16 

The year . . . . . . . . . . . . . . ... _ ... 374 271,842 11.61 0.86 

a .A.ppr9ximate. 
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Rating table for Lararnie River at Uva, Wyoming, for 1897. 

Gage Discharge. Gacre Discharge. Gage Discharge. Gag-e ~"hMge.l height. height. height. height. 

Feet. Second-feet. Feet. Second-fee~. Feet. Second-feet. Feet. Second-feet. 

0.5 5 1.4 100 2.8 620 4.2 1,580 
0.6 10 1.6 140 3.0 720 4.4 1,760 
0.7 15. 1.8 190 3.2 820 4.6 1, 940 
0.8 21 2.0 260 3.4 920 4.8 2, 120 
0.9 30 2.2 340 3.6 1,040 5.0 2,300 

~ 
40 2.4 425 3.8 1,220 5.2 2,480 
62 2.6 520 4.0 1,400 5.4 2,660 2 

Estimated nwnthly discharge of Laramie River at Uva, Wyorning. 

[Drainage area, 3,179 square miles.] 

~Month. Discharge in second-feet. Run-off. 
~ 

Total in acre- Second-feet. Maxi- :Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

------
1897. 

January .. -........... -- ... ---- .. -... - .. -... a100 6,149 0.036 0.031 
Fe-bruary .......... ... -- .. ---- ............... a 100 5,554 0.032 0.031 
March ........ ____ . ---- .. --- -- .. --- ... a 150 9,223 0.054 0.047 
April ... _. _. _ ...... 1, 760 120 712 42,367 0.250 0.224 
May .... __ . _ .... __ . 2,570 670 1,239 76,185 0.450 0.390 
June .. ___ .. __ ... __ . 2,480 120 1, 050 62,479 0.368 0.330 
July .. ___ .. _ .. _ . ___ 120 21 40 2,460 0.015 0.013 
August ........ _ .... 520 15 109 6,702 0.039 0.034 
September . --- ..... 21 8\ 12 714 0.004 0.004 
October. __ - __ . _. _ .. I a 15 922 0.006 0.005 -- .... ---- ............. 

November .......... ............ ............. a15 893 0.006 0.005 

I December .......... .. ---- ..... - ............... a15 922 0.006 0.005 

The year ..... 296 214,570 1. 266 0.093 

a Approximate. 
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Sec.-ft. 
3, 000 t-t--t--+-t-t-+--t--il-+-+--t--il-t--lil~l-l--+-~---+-+-+-ll--+-+-+-l-+--+-~--'--l-1~ 

a Approximate. 

FIG. 89.-Discharge of Laramie River at Woods Landing and Uva, Wyoming, 1897 

The second considerable diversion from the river, the upper canal 
of the system of the Wyoming Development Company,· takes water 
from Laramie River about 27 miles southwest of Wheatland. At this 
point there is a substantial stone dam, with head gates for an open 
ditch 2,000 feet long. At the end of this open way is the intake of a 
tunnel 3,100 feet long and 7 by 8 feet cross section, cut through the 
divide between Blue Grass Creek and Laramie River, as shown in 
PL XXXIV, B. From the outlet of the tunnel the water empties into 
a small tributary of Blue Grass Creek; thence it flows for 13 miles 
down this stream to its junction with·Sybille Creek. One and one-half 
miles farther down are the head gates of canal No.1. of the Wyoming 
]_)evelopmen t Com pan~. 

The accompanying view (Pl. XXXIV, A) shows the dam and head 
gates of the canal on Laramie River. Pl. ;x:xxrv, B, is.a view of the 
intake of the tunnel, and Pl. XXXV, A, of the outlet .on· Blue Grass. 
Creek. The head gates of canal No. 2, on Sybille Creek, shown in· 
Pl. XXXV, B, are located about 11 miles below the head of canal No.1. 
A third canal, taking water from Sybille Creek between ·the heads of 
the two earlier ditches, has been constructed more recently. Canal No. 
3 is a supply ditch for a reservoir located about 6 miles below its head, 
which was completed in 1897. It covers 400 acres, and has an avail
able depth of about 40 feet. Water is taken from it by means of a_ 
tunnel in the sand, lined with brick and terra cotta. From the end 
of the pipe are two branches, one leading to canal No.2, which it will 
supply at low stages of Sybille Creek, and the other will irrigate land 
not covered by the system of laterals from canal No. 1. 

There are two gaging stations on this river. The one at Woods 
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Landing, above mentioned, is described in Water-Supply and Irriga
tion Paper No. 15, p. 81, which gives the list of discharge meas
urements made in 1897, together with the table of gage heights. The 
rating table on page 301 has been constructed, based on those meas
urements. Next is· shown the table of monthly discharges. The 
area drained at thi~ point is 435 square miles. 

The second gaging station is at Uva, below the head of all important 
irrigating canals, and the results show the amount of water available 

T.Z5N 
IP.TJ! W. 

T.I!5N. 
H.T/ W. 

T.HN. T:I!#N. 
A.l'J!W. R.7/W. 

TJ!IN. 
R.TZW. 

T:I!I!N. 

T.l!fSN. 
H. TOW. 

TZZN. T:22N. 
H.t16W. 

FIG. 90.-Map of canals in the vi~inity of WheatlaiHl, Wyoming. 

r.ezN. 
R.t11'W. 

for storage. It is described in Water-Supply and Irrigation Paper 
No. 15, p. 182. North Laramie River enters the main stream a short 
distance above the point of measurement. Considerable irrigation on 
a small scale is practiced in its basin. 

NORTH PLATTE RIVER. 

North Platte River has its source in the high mountains in northern 
Colorado, which rise to elevations of 10,000 to 12,000 feet. Numer
ous tributaries descend into the valley, and, uniting, flow northerly as 
the North Platte across the State line into Wyoming. This basin is 
known as the North Park, and the general elevation of the lower. lands 
is about 8,000 feet. Irrigation is practiced to a considerable extent 
from small ditches, aggregating 150 in number, according to the report 
of the State engineer of Colorado. They are used almost entirely, 
however, in flooding native grass lands for forage purposes. A little 
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timothy is raised, and also some oats. The elevation is too high and 
the climate too severe for general agricultural operations. The total 
area in Colorado drained by the river is 1,696 square miles. At the 
northern end the Medicine Bow Range closes in from the east and Park 
Range from the west, through which the river :finds its way in a nar
row canyon into Wyoming, entering what is known as the Upper 
Platte Valley and thence extending from the State line down to the 
Union Pacific Railroad at Fort Steele. This valley is about 40 miles in 
length, averaging 4 miles wide on the east and from 1 to 2 miles on the 
west. The main river receives a -number of tributaries from the Sierra 
Madre Mountains, on· the west, and from the Snowy Range, on the 
east. Numerous ditches take water from these tributaries to irrigate 
small ranches along their valleys. The average elevation of this lower 
valley is somewhat under 7,000 feet, the elevation at Fort Steele being 
6,516 feet. The river continues northward through Carbon County, 
receiving from the west Sweetwater River, along the tributaries of 
which considerable irrigation is practiced. Pl. XXXVI contains two 
views of North Platte River in Wyoming. 

The upper gaging station on the North Platte is located at Orin 
Junction, at which point the area drained is 14,828 square miles. A 
description of the :field work done at this station in 1897 will be found 
in Water-Supply and Irrigation Paper No. 15, p. 83. The flow as here 
determined, combined with the discharge at the Uva station, on the 
Laramie River, shows the amount of water passing out of the State. 
An irrigation enterprise of considerable importance was planned a year 
or so ago, taking water from the North Platte River at Fairbanks to 
irrigate lands in what is known as Goshen Hole, a depression in the 
general country south of the main river. Its average elevation is 4,300 

·feet, the lowest considerable area in the southeastern portion of the 
State. 

Mitchell canal heads on the south side of North Platte River, about 
2~ miles west of the Nebraska and Wypming State line. It is about 
22 miles long and irrigates land principally in what is known as Mitchell 
Bottom, northwest of Gering. This opening is about 6 miles long and 
2~ miles wide. The canal ends at the bad lands surrounding Scotts 
Bluff. On the north side of the river, a little above Gering, there 
should be mentioned in their order downstream the following canals: 
Farmers canal, 11 miles long, heading just west of the State boundary 
line; Enterprise canal, heading about 22 miles below the mouth of 
Horse Creek and about 20 miles long; and Winter canal, heading about 
4 miles above the Gering bridge, at which the first gaging station in 
Nebraska is located. This station was establishedMay29, 1897. Owing 
to the interruption of the gage-height record in June, discharges can 
be estimated only from July 1. The work done at this station in 1897 
is described in Water-Supply and Irrigation Paper No. 15, p. 84. 

The next gaging station below is at Camp Clarke. A number of 
19 GEOL, PT 4--20 . 
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large canals take out water on both sid~s of the river between the two 
points. From the south side of the river these are as f~llows: Castle 
Rock ditch, 13 miles long, heading 4 miles east of Gering; Chimney 
Rock canal, 10 miles long, heading at the crossing of the boundary 
line between Cheyenne and Scotts Bluff counties,. and Belmont canal, 
20 miles long, heading about 3 miles above Camp Clarke. The canals 
from the north side of the river are: ·Minatare ditch, Bayard canal, 
a small ditch heading near Long Island, and the Alliance canal, 
respectively 6, 13, 3, and 8 miles in length. Browns Creek canal is on 
the north side of the river and beads about ~H miles below Camp Clarke. 
The field work done in 1897 at the Camp Clarke gaging station is 
described in Water-Supply and Irrigation Paper No. 15, p. 85. 

The plateau country south of Camp Clarke, between North Platte 
River and the Union Pacific Railroad, is on an average about 600 
feet above the river. Proceeding eastward this difference of elevation 
decreases slowly for about 30 or 40 miles, and then more and more 
rapidly. The section in Deuel and Cheyenne counties has a large 
number of deep wells located at ranches, varying from 250 to 350 feet 
in depth. The water is raised by means of windmills and used wholly 
for stock and domestic purposes. The principal industry is stock rais
ing, the ranchers having from 50 to 300 head of stock each. 

The next station is at North Platte, where a number of discharge 
measurements were made in 1897 and published in Water-Supply and 
Irrigation Paper No. 15, p. 86. The bed of the river is here sandy 
and liable to change at flood stages so that a number of rating curves 
were made for different parts of the year. 

I 
I 

I 
I 

Rating table for North Platte River at 01·in Junction, Wyoming,jo1· 1897. 

G••• I . G!lge Discharge. I height. Discharge. he1ght. 
I 

Feet. Second-feet. Feet. Second-feet. I 
0.0 300 1.2 s5o I 
0.1 335 1.4: 950 I 
0.2 370 1.6 1,050 
0.3 4:10 I 1.8 1,150 
0.4: 4:50 2.0 1,300 
0.5 i 500 2.2 1, 4:50 
0.6 550 2.4: 1,650 
0.7 600 I 2.6 1,900 I 

0.8 650 2.8 2,150 
0.9 700 3.0 2,450 
1.0 750 3.2 2,800 

l 

Gage Discharge. II Ga~ 
height. 

I 

heig t. 

Feet. Second-feet. I Feet. 

3.4: I 3,2oo 1 . 5.6 
3.6 3,600 5.8 
3.R 4:,050 6.0 
4:.0 4:,500 6.2 
4: .. 2 5,200 6.4: 
4.4: 6,000 6.6 
4:.6 6,94:0 6.8 
4.8 7,880 7.0 
5.0 8,820 
5.2 9,760 
5.4: 

I 
10,700 

Di 

-
oohorg•·l 

Se cond-jeet. 

11,640 

12,580 
13,520 
14:,4:60 
15,4:00 
16,34:0 
17,280 
18,220 

_j 
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A. 

NORTH PLATTE RIVER IN WYOMING. 

A , 35 miles southwest of Casperj B, 10} miles ab0ve mouth of Horseshoe Creek . 
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Estimated monthly discha:rge of North Platte River at Orin Junction, Wyoming. 

[Drainage area, 14,828 square miles.] 

~Month. 
Dis.cbarge in second-feet. Run-off. 

Total in acre- Se~ond-
·Maxi· Mini- feet. Depth in feet per Mean. mum. mum. inches. square 

mile. 

-~- ---
1897. 

January ........................... -.. -- - .. -- ..................... a1, 1.00 67,637 0.07 0:07 

February ...................... -- ..... --- .. -------- a 1, 350 74,975 0.09 0.09 

March ............................... .......... ............ -------- a1, 500 92,232 0.12 0. 10 

April .................................. 13,050 1, 413 5,037 299,722 0.38 0.34 
May .. ~ ....... _ . __ . 19,160 9,5~5 13,962 858,495 1. 08 0.94 

June ............... 18,220 3, 400 8,994 535,180 0.68 0.61 

July---------· ..... 3,200 950 1,828 112,400 0.14 0. 12 
August ... _ .... _. __ .

1 

1, 900 650 1, 014 62,349 0.08 0.07 
September ... _ . .. .. 650 500 572 34,036 0.04 0.04 
October . _ ..... ___ .. 1 

_ .... __ . . _ •..... a5oo· 30,744 0.03 0.03 

November .... ······!······ ...... ·· .. j a550 32,727 0.04 0.04 

I December .......... 
1 
................ ' a550 33,818 o.w 1~ 

heyear ....... l==l==! 308 2, 234,315 2. 79 0. 21 

a Approximate. 

a Approximate . 

.FIG. 91.-Discharge of North Platte River at Orin Junction, Wyoming, 1897. 
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Rating table for N01·th Platte Rit,er at Ge·ring, Nebraska, for 1897. 

Gaft.e I . ~ Galhe Gage Gage 
I 

heig t. Discharge. heig t. Discharge. height. Discharge. height. I 
--- ---

D~ 
Feet. Second-feet. Feet. Second-feet. 

0.8 455 1.5 2,340 
I 0.9 500 1.6 2,909 

1.0 620 1.7 3,552 I 
1.1 815 1.8 4,269 
1.2 1; 084 1.9 5,062 
1.3 1, 428 2.0 5,929 
1.4 1,847 2. 1 6,870 

I 

Feet. Second-feet. 

2.2 7,887 
2.3 8,978 
2.4 10,144 

I 2.5 11,384 
2.6 12,699 

I 
2.7 14,089 
2.8 15,554 

I 

Feet. 

2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 

Is 
I 

I 
econd-feet. · 

! 

I 
I 

I 
17,093 ! 
18,707 
20,396 
22, 159 
23,997 
25,910 
27,898 

Estimated monthly discha1·ge of North Platte Riter at Gering, Nebmska. 

[Drainage area, 24,340 square miles.] 

Discharge in second-feet. I Run-off. 

Month. Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

---
I 

1897. 

July------.----·---- 4,269 1,084 2,140 131,584 0.10 0.09 
August ............. 2,340 500 1,071 65,854 0.04 0.04 
September . . . . . . . . . 815 455 537 31,954 0.02 0.02 

514 31, 605· 0.02 0.02 October .. _ . _ . . . . . . . . 620 I 455 

~her ____ ------~---_----~---- ____ a520, 30,942 0.02 

~ mber .......................... a520 I 31,974 0.02 
I 1 

2 

a .Approximate. 

Rating table for North Platte Rivm· at Can~p Clarke, Nebmska, for 1897. 

Ga~e II I 1Di3 Gage Discharge. Discharge.~~ h~i~\;. Discharge. 
Gage 

height. ht>ig t. height. 

I 
I Second-feet. Feet. Second-feet. Feet. Second-feet. 'I Feet. Feet. IS"=d-f.et. i 1: 

2.0 350 2.8 2, 042 I, 3.6 5,380 4.4 8,820 ; 
2.1 450 2.9 2,404 

t' 
3.7 5,810 4.5 I 9,250 

2.2 580 3.0 ,.2,800 3.8 6,240 4.6 9,680 I 
I 

10 no I 2.3 740 3.1 3, 230 3.9 6,670 4.7 
! ' I I 2.4 930 3.2 3,660 4..0 7,100 4.S 10,540 

I 2.5 1,160 3.3 4-,090 
'I' 

4-.1 i 7,530 'II I 

I 
ll I II ! 

2.6 1,420 3.4 4,520 
II 

4.2 
I 

7,960 
2.7 1,714 3.5 4,950 4.3 8, 390 II I j I. I ;j I I 
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Estimated monthly discharge of North Platte River at Camp Clarke, Nebraska. 

(Drainage area, 24,830 square miles.] 

~Month. Discharge in second-feet. ll=-~ 
Total in acre- Second-

Maxi· Mini- feet. Depth in feet per 
mnm. mum. Mean. inches. square 

mile. 
--- ---

1897. 

January .... ------- 2, 404. 2,042 2,287 140,623 0.106 0. 092 
February------ .... 2,404 1, 567 2,253 125,125 0.095 0.091 
March ------.------ 2,223 450 1,299 79,873 0.060 0.052 
April ...... ____ ---- 8,390 1, 567 3,649 217,130 0.164 0.147 
May_---·---------- 10,540 6, 885 8,688 534,208 0.400 0.350 
.June_ . _ ... __ --- _- .. 11,400 4, 520 7,491 440,389 0.332 0.298 
July ... __ .. ____ .. __ 4,305 930 2,147 132,015 0.099 0.086 
August.--- .. _.----- 2,042 580 1,066 65,546 0.049 0. 043 
September. ____ ---- 580 400 492 29,276 0.022 0. 020 
October . ____ .. __ - - .

1 

580 350 484 29,760 0.022 0. 019 
November .......... ---- .... ............ ---- a500 29,752 0.022 0.020 

I December ......... ·I~~.:.:.:..:..:.:.~ a500 30,744 0.023 0.020 

The year . _ ... [ _ ....... , ........ 1 2,564 1,854,441 1. 394 0.103 

a Approximate. 

Sec.-ft. 

12, ooo 1-+-1--4-+-+-1---t-1---1-++-H-+-+++-H-+-+++-4-H-f-++4-H-f-++-1 

a Approximate. 
FIG. 92.-Discharge of North Platte River at Camp Clarke, Nebraska, 1897. 
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Estirnated monthly discharge of North Platte River at No1·tk Platte, Nebraska. 

[Drainage area, 28,517 square miles.] 

Discharge in second-feet. Run-off. 

Month. Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mnm. mum. inches. square 

mile. 

I 
1897. . 

January ......... __ 8,650 4,876 6, 932 426,296 0.280 0.243 
February .... _ ... _. 9,489 2,471 6, 663 370,044 0.236 0.233 
March ............. 9,489 1,774 3, 921 241,094 0.158 0.138 
April ...... ________ 13,486 2,471 5,110 304,125 0.200 0.179 

May-----·---·----- 21,527 7, 812 13,981. 859,664 0.565 0.490 
June ........... ·--- 23,720 6, 518 13,920 828,296 0.545 0.488 
July ............... 6,197 1,090 3,688 226,768 0."149 0.129 
August ............ 4,754 743 2,876 176,839 0. 116 0.101 
September ......... 850 422 609 36,238 0.024 0.021 
October ............ 3,878 486 1, 132 69,604 0.046 0.040 
November .......... 4,112 743 2,152 128,053 0.084 0.075 
December .......... 6,037 3,174 5, 116 314,634 0.207 0.180 

------ ---
The year ..... 23,720 422 5,509 3,981,655 2.610 0.193 

Sec.-ft. 
~.ooo~-+-+~+-r1-+~1-+-~~-+-r+-~-+-r1-+-~~-r,_+-r;-+~+-r; 

~.ooo~-+-+~+-~-+~4-+-~~~~+-~-+-r4-+-~~-r,_+-~-+~+-r; 

20, 000 t-t-t--t--+-+-t-+-+-4-+--1f-t-t--t-

H,OOO~-+-+-r~~-+~~~~ 

10, 000 t-t-+-+~-r-t-1:-+-r-t-+ 

8,000 

6,000 

4,000 

2,000 

0 
FIG. 93.-Discharge of North Platte River at North Platte, Nebraska, 1897. 
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SOUTH PLATTE RIVER. 

South Platte River rises in the Rocky Mountains southwest of Den
ver. The mountainous area is similar to the basin drained by the 
North Platte in Colorado. Mountain peaks rise to elevations of 13,000 
feet above the sea, and the average elevation of the valley is 8,000 feet. 
The basin is known as the South Park. There is considerable irriga
tion in the district and a large number of canals have been taken from 
tbe tributaries, which often produce a shortage in the summer months. 
01~. account of. the high altitude none but the hardier crops can be 
raised, of which the principal is native bay for forage purposes. 

Several important tributaries of South Platte, from which irrigation 
is extensively practiced, come from the eastern slope of the mountain 
range which the main river skirts. Gaging stations were maintained 
on a number of these, in order downstream as follows: Bear Creek, 
South Boulder Creek, Boulder Creek, St. Vrain Creek, and Big Thomp
son Creek. Measurements of the Cache la Poudre are maintained by 
the State Agricultural College, and the record will be found in the 
reports of that institution. · 

The upper gaging station on South Platte River is located at Deans
bury at the mouth of the canyon. · Below this point a number of large 
canals are taken out which are among _the most successful in the 
country. 

The second gaging station is at Denver. Thence the river flows in a 
general northeasterly direction, gradually receding from the mountain 
range until it receives its principal tributary, the Cache la Poudre, 
when it turns abruptly eastward and continues through the arid sec
tion of northeastern Colorado. The lowest station in this 'State is at 
Orchard. Continuing eastward, the water supply gradually diminishes 
until in the summer the river for long stretches is practically dry. 

In1897 the condition of the river at North Platte, Nebraska, where 
it joins with North Platte River, was as follows: During the months of 
January and February there were several small channels running, but 
their combined discharge was very small, and they ceased to flow in 
the spring. J uue 3 the river commenced to flow and the discharge 
increased gradually until June 21, when the river w.as carrying 47427 
second-feet; it then decreased until July 2, when it ceased to flow. 
August 9 water appeared in the river again, increasing until August 
13, when the discharge was 2,880. second-feet; it then declined grad
ually until September 1, when there was no flow; the river wa~ entirely 
dry through September, October, and November; in Decemher there 
was a small flow through various channels. The mean discharge for 
the 27 days in June was 2,110 second-feet, and for the 22 days in August, 
17505 second-feet. From these figures the total discharge of the river 
in 1897 was 178,672 acre-feet. 
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Rating table for South Platte River at Deansbu1·y, Colorado, jo1· 1897. 

I Gage he;gbt. 

I 
Discharge. 

I Gage height. 
Jan. 1 to Apr. 8 to 

Discharge.! 

Jan.lto ! Ap~~ 

I 

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 
I 

I 

I 
I 
I 

Apr.7. June 30. 

I Feet. Second-feet. Second-feet. Feet. 

Apr. 7. June 30. 

Second-feet. Second-feet. 

0.7 .... - .......... - ..... -. 118 3.0 95 650 
0.8 I.---- .. ----- 132 3.2 
0.9 ... -- ... -- ...... -- ... 146 3.4 

112 730 
138 810 

1.0 i 161 3.6 ... -- ...... -.--. 164 890 
1.2 1 .... -------- 190 3.8 190 970 

I 
1.4 ......... ---- .......... 221 4.0 217 1,050 
1.6 --·--------- 254 4.2 244 1,130 
1.8 .............................. 291 4.4 270 1,210 
2.0 55 330 4.6 ··---- ··-·-- 1,290 
2.2 63 370 4.8 ·----- ------ 1,370 
2.4 71 420 5.0 ------ ............ 1, 450 
2.6 79 

I 
490 5.2 

2.8 87 570 5.4 
I 

--------·-·'"' 1,530 

---- -------· ___ 1, 610 i 

Estimated 'monthly discha1'ge of So1tth Platte Rivm· at Deansb?W]J, Col01·ado. 

[Drainage area, 2,600square miles.] 

Discharge in second-feet. 

Total in acre-Month. feet. Maxi· 1\iini- Mean. mum. mum. ! 

i --- ---
1897. 

January ............ 97 67 81 4,981 
February ------ .......... 164 71 80 4,443 
March .............. 217 73 101 6, 210 
April ............... 630 190 370 22,016 
May ................ 1,530 610 984 60,504 
June ............... 1, 550 I 770 1, 046 \ 62,241 

I 

Hun· ~ ----

Depth in\ 
inches. 

0.03 
0.03 
0.04 
0.16 
0.44 
0.45 

I 

Second- I 
feet per 
square 

1

, 

mile. 

----
1 

I 
I o. 03 I 

0.03 

o.o4 1 

o.14 1 

~:!~ J 
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FIG. 94.-Discharge of South Platte River at Deans bury, Colorado, 1897, 

Rating table for South Platte River at Denver, Colorado, jo1· 1897. (a) 

I Gogo height. 

Discharge. 

II Gago boight. 

Di•ch~ge. ;,:;=] 
.Tan. I to 

I 
Oct. I to .Ta.n.l to Oct.l to 

Sept. 30. Dec. 31. ll Sept. 30. Dec.31. 

Feet. Second-feet. Second-feet. II Feet. Second-feet. Second-feet. 

4.2 50 ------ ------· 6.4 1,130 ·----·-------
4.4 70 ....................... 6.6 1,270 

~~~~~~~ ~ ~~~~~~ 4.6 90 ........... ------- 6.8 1, 410 
4.8 110 110 7.0 1, 550 .......................... 

I 
5.0 160 130 7.2 1,690 ·------ ·-----
5.2 290 175 7.4 1;830 

; 
I 
........... -------

5.4 430 240 7.6 1,970 ......... - .. - ... --- .. 
I 

5.6 570 330 7.8 2, 110 -------·---·-
! 

5.8 710 470 8.0 2,250 --------· ----l_:-0 850 610 

II 

8.2 2, 390 ,_----- ----·I 
6.2 990 750 

I i 

a The flood of August 4 caused the principal changes in this rating table. 
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Estimated monthly discharge of South Platte River at Denver;. Colorado. 

[Drainage area, 3,840 square miles.] 

~Mon~. 
Discharge in second-feet. Run-off. 

,. 
Total in acre-I M;n;. feet. Second-

Maxi- 'Mean. Depth in feet per 
mum. mum., inches. square 

mile. 

--- ---
1897. 

January ............. 110 BO 95. 5,841 0.029 0.025 
February .......... 105 55 ·83/. 4,610 0.023 0.022 
March .............. 430 85 179. 11,006 0.054 0.047 
ApriL .............. 850 220 470 27,967 0.136 0.122 
May ............... 1,410 430 . 735. ,, 45,194 0.220 0.191 
June ............... 1,445 535 1,026 61,051 0.297 0.267 
July ........... ---- 1, 200 85 392 24,103 0.118 0.102 
August ............. 2, 425 118 687 42~242 0 .. 206 0.179 

I 

September _ .. _ ..... 605 100 270 ·16, 066 0.078 0.070 
October .. -- __ .... __ 575 175 267 16,417 0.081 0.070 
November .......... 680 110 406 24,159 0.118 . 0.106 

I 

December ...... ~ ... 305 150 217: 13,343 0.066 

§j ---.----

The year ..... 2,425 55 1 
402 291,996 1. 426 5 

FIG. 95.-Discharge of South Platte River at Denver, Colorado, 1897. 
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Rating table for Soulh Platte River at 01·chard, Colorado, for 1897. 

Discharge. 

Jilly21 to I Ga!te 
heig t. .Tan.l to .Tune 20 to 

.Tune 19. July 20. Dec. 31. 

Feet. Second·feet. Second·feet. S~Jcond-feet. 

2.3 ··--------·- 39 39 
2.4 ·----- ------ 61 61 
2.5 81 86 86 
2.6 89 113 109 
2.7 97 146 135 
2.8 105 ·185 160 

2.9 115. 238 188 

3.0 124 330 217 
3.2 146 504" 282 

3.4 
I 

170 -- 708 369 

3.6 200 912 523 

3.8 238 1,116 715 
4.0 294 1,320 907 
4.2 489 1,524 1,099 
4.4 847 1,728 1,294 
4.6 1,205 1,930 1,490 
4.8 1,563 2, i3o 1,686 
5.0 1,921 2,330 1;882 
5.5 2,820 2,830 2,372 
6.0 3, 720 3,330 2, 862 

LE 4,620 ., ............. =J 
8 5,160 -.. -- .. -.... --- .. --- ........ -- .... 

Estimated monthly discharge of South Platte River at Orchard, Colorado. 

[Drainage area, 12,260 square miles.] 

~Month Discharge in second-feet. Run-off. 

Total in acre- Second-feet. Depth in' Maxi- Mini- Mean. feet per 
mum. mum. inches. square 

mile. 

---
1895. 

November 22-30 . _ .. 925 790 870 15,530 0:024 0.071 
December ....... __ . 925 610 759 46,669 0.071 0.062 

1896. 

January.·--------- 880 610 775 47,652 0.072 0.063 
February 16-29_ .... 700 520 610 16,940 0.026 0.050 lE: ............. 700 520 581 35,724 0.054 0.047 

mber ____ ------ 2,280 228 789 48,513 0.074 0.064 
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EBtimated monthly diBcharge of South Platte River at Orcha1·d, Colorado-Continued. 

[Drainage area, 12,260 square miles.] 

Discharge in second-feet. Run-off. 

:Month. Total in acre- Second-
:Maxi- :Mini- feet. Deptb;nl feet per 
mum. mum. Mean. inches. square 

I 
mile. 

---
1897. I I 

January ............ 1,116 I 228 631 38,799 0.059 0.051 

February .......... 1,116 ! 228 557 30,933 0.047 0.045 

March ............. 262 I 218 231 14,204 0.013 0.019 

ApriL .............. 8471 250 529 31,478 0.048 0.043 

May ................ 3,720 81 898 55,216 0.084 0.073 

June ............... 5,160 I 555 2,637 156,912 0.240 0.215 

July ............... 1,320 I 39 347 21,736 0.032 0.028 

August ............. 2,274 147 803 49,374 0.075 0.065 

September ......... 147 I 61 92 5,474 0.009 0.008 

October ............ 1, 294 1 86 303 18, 631 0.029 0.025 
November ....... __ . 1, 392 i 715 1,109 65,990 .0.100 0.090 

I December. ......... 1, 931 ; 475 1, 232 75,753 0.115 i§j ------
0. 8.'il i 0. 064. The year ..... 5,160: 39 779 564,500 

I 

Sec.-ft. 
6,ooo~-+-+-r4-~-+~~+-~~-+~4-~-+~~+-~~-~~+-~-+~+-~ 

2, 500 1--t-+-+-+-+-f--1-+-+-+-+-+----f-+ 

2, 000 t-+-+-+-+-+-f--l-+-+-+-+-+-1f-+ 

1, 000 

500 

0 
FIG. 96.-Discharge of South Platte River at Orchard, Colorado, 1897. 
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Rati1tg table for Bem· C1·eek at Mm·rison, Colomdo, for 1897. 

I 
I 1: I 

In \ Gage Discharge. 1 Gage I Discharge. ~ Gage I Di.scha1·ge. : 
Gage 

1 

height. 
Jl 

height. I II 
height. height. 

I 1-
I 

Feet. Second·f;et.l Feet. Second-feet./ Feet. Second-feet. 'i Feet. Se cond-jeet. 

2.5 3.2 
2.6 12 i 3.3 
2.7 18 I 3.4 
2.8 27 

: 
3.5 

83 3.9 
102 4.0 
124 4.1 
149 4.2 

288 ' 
327 
366 
405 

4.6 
4.7 
4.8 
4..9 

561 
600 
639 
678 I 

lJi 
37 

I 

3.6 179 4.3 444 5.0 
0 49 3.7 212 4.4 483 
1 65 

I 
3.8 250 4.5 522 _] 

Estimated nwnthly discharge of Bem· C1·eek at Morr·ison, Colorado. 
[Drainage area, 170 square miles.) 

Discharge in second-feet. Run-off. 

Month. Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mum. 1n.um. Mean. inches. square 

mile. 
---

1897. 
~iay. ------ ---· .... 250 92 152 9,346 1.02 0.89 
June ....... ---- .... 327 124 175 10,413 1.15 1. 03 
July_ ...... ·----· .. 307 74 115 7,071 0.78 0.68 
August ......... -.......... -- .. 737 83 199 12,236 1.35 1.17 
September ....... __ 113 49 / 67 3, 987 0.44 0.39 
October ...... ------ 74 49 55 3, 382 0.37 

3 November ...... ____ 49 5 34 2, 023 0.22 0 
December ...... __ .. ............... ·--- ---- a20 1, 230 0.14 2 

a Approximate. 

Sec.-ft. 

1,200~-+-4-+~4-+-~~r4-4-+~~~4-+-~~~-+-+-+-r~;-+-+-~~-+-r, 

. a Approximate. 

l!'IG. 97.-Discharge of Bear Creek at Morrison, Colorado, 1897. 
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Rating table for South Bouldm· Creek at Marshall, Colorado, for 1897. 

Gage 
height. Discharge. Ga;te 

heig t. Discharge. 

Feet. Second-feet. Feet. Second-feet. 

0.8 14 1.5 99 
0.9 22 1.6 120 
1.0 31 1.7 146 
1.1 41 1.8 172 

I 

1.2 52 1.9 198 
1.3 65 2.0 224 
1.4 80 2.1 250 

I 

Ga;te 
heig t. Discharge. i Ga~e 

heig t. 
i 
I 

Feet. Second-feet. I Feet. 
2.2 277 2.9 
2.3 303 3.0 
2.4 329 3.1 
2.5 355 3.2 
2.6 381 

I 

3.3 
2.7 408 3.4 
2.8 435 

Di 

-

Se cond-jeet. 
461 

. 488 
514 
540 

~ 
Estimated rnonthly d·ischarge of SOltth Boulder Creek at Marshall, Colorado. 

[Drainage area, 125 square miles.] 

I 

Discharge in second-feet. Run-off. 

Month. Total in acre- Second-
Maxi- Mini- Mean. feet. Depth in feet per 
mum. mum. inches. square 

mile. 
---

1897. 
May ............... 554 120 305 18,754 2.82 2.44 
June .... - . . - - .. ~ - - ........ 594 303 401 23,861 3.58 3.21 
July ............... 435 120 235 14,450 2.17 1. 88 
August ... ~ ......... 290 65 129 7,932 1.19 1. 03 
September ......... 65 22 43 2,559 0.38 0.34 

I 

October ............ 65 18 39 2,398 0.36 

!J November ..................... 52 18 35 2,083 0.31 8 
December .......... .............. -- ·----- -- a30 1,845 0.28 4 

a Approximate. 

Sec.-ft. 
1. 200 

1,100 

1,000 

900 

800 

700 

600 

500 L 

400 

300 

l i 

I 
200 ... 

100 
'"b. ,. ~~~ ,- ~ IYI .&..M ,._ a 

0 
a Approximate. 

FIG. 98.-Discharge of South Boulder Creek at Marshall, Colorado, 1897. 
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Rating table for Bouldm· Creek at Bonlder, Colorado, for 1897. 

Ga~e 
heig t. Discharge. Gage 

height. Discharge. Ga!te 
heig t. Discharge. Ga~e 

heig t. Discharge. 

Feet. Second-feet. Feet. Seconct-jeet. Feet. Second-feet. Feet. Second-feet. 

0.3 25 1.2 145 2.1 370 2.9 570 
0.4 30 1.3 170 2.2 395 3.0 595 
0.5 38 1.4 195 2.3 420 3.1 620 
0.6 48 1.5 220 2.4. 445 3.2 645 
0.7 58 1.6 245 2.5 470 3.3 670 
0.8 70 1.7 270 2.6 495 3.4 695 
0.9 84 1.8 295 2.7 520 3.5 720 
1.0 100 1.9 320 2.8 545 3.6 _:j 1.1 120 2.0 345 

Estimated nwnthly discharge of Bouldm· Creek at Bottlder, Colorado. 

[Drainage area, 102 square miles.] 

Discharge in second-feet. . Run~ 
Month. Total in acre- Second-feet. Maxi· Mini- Mean. Depth in feet per 

mum. mum. inches. square 
mile. 

---
1897. 

May ............... 
1 

495 182 323 19,861 3.66 3.17 
June ...... _ ... _ .... I 745 320 458 27,253 5.01 4.49 
July ............... · 557 232 339 20,844 3.83 3.32 
August ............. 395 100 213 13,097 2.41 2.09 
September ......... 170 48 83 4, 939 0.90 0.81 
October ...... _ ..... 92 30 47 2,890 0.53 0.46 

~ber__________ 92 23 38 2,261 0.41 

~ ml.Jer .................. 
1 

•.•... __ a60 3,689 0.68 9 

a Approximate. 
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I 
: 
I 

I 

I 

i 
I 
I 

I Ga~," heig t. 

I 

Feet. 
1.5 
1.6 
1.7 
1.8 

~ 0 

a Approximate. 

FIG. 99.-Discharge of Boulder Creek at Boulder, Colorado, 1897. 

Rating table fo1· St. Vrain Creek at Lyons, Colorado, for 1897. 

Discharge. Ga!te 
heig t. I Dl,cba,ge. 

Second-feet. Feet. Second-feet. 
24 2.2 155 
33 2.4 206 
46 2.6 256 
64 2.8 307 i 

85 
!I 

3.0 358 I 

107 3.2 408 I 
I' It 

Ga!te 
heig t. Discharge. 

Feet. Second-feet. 
3.4 459 
3.6 510 
3.8 561 
4.0 612 
4.2 662 
4.4 712 

I 

Ga!te 
heig t. 

Feet. 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 

Di oeharge.l 

cond-feet. 
763 
824 
872 
920 
968 

-
Se 

1,016 
__j 

Estima.ted monthly dischm·ge of St. Vrain Creek at Lyons, Colorado. 
[Drainage area, 209 square miles.] 

Discharge in second-feet. ~ 
Run-off. I 

Month. i 
I 

Total in acre- Second- I 
Maxi- Mini- feet. Depth in feet per 

I Mean. mum. mum. inches. square 

I I 
mile. 

1897. I 
May -·--··- ---- ........... 824 34£) 510 31,359 2.82 2.44 
June ...... -------·· 980 447 668 39,749 3.56 3.19 
July------ .... ---- 860 294 457 28,100 2.53 2.19 I 
August .... -- .... --- 548 143 274 16,848 1.51 1.31 I 
September---- ____ . 180 

i 
75 123 7,319 0.65 0.59 

October ........ ___ . 75 
I 

28 
I 

47 

I 
2,890 0.24 0.22 

Xovember ....... --· 54 28 35 2, 083 0.19 0. 17 I 
December .... _ . ___ . a40 2,460 0.22 9.19 I ---- .. - ...... '- ........ --- .. : 

I I I I 

a Approximate. 
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Sec •. ft. 

1,200ri~-;-+-+1-,_+-r-~r;-+-+-+-r-r,_+-r-~~~-+-+~~4-+-+-~~-+~ 

a Approximate. 

FIG. 100.-Discharge of St. Vrain Creek at Lyons, Colorado,1897. 

Rating table for Big Thompson C1·eek at Arkins, Colorado, fm· 1897. 

Ga!!e Discharge. I Ga!fte Discharge. height. heig t. 

Feet. Second-feet. Feet. Second-feet. 

0.0 "6 0.7 85 
0.1 12 0.8 107 
0.2 19 0.9 132 
0.3 27 1 0 160 
0.4 36 1.1 190 

Gage 
height. Discharge. 

Feet. Second-feet. 

1.4 321 
1.5 367 
1.6 413 
1.7 459 
1.8 505 

Ga~e 
heig t. 

Feet. 

2.0 
2.1 
2.2 
2.3 
2.4 

ID 
Se cond-jeet. 

597 
643 
689 
735 
781 

0.5 

I 

48 
I 

229 1. 9 

I 
1.2 551 2.5 

0.6 64 1.3 275 
1 ~- ~ 827 

L:_ _____ ____, 
19 GEOL, PT 4--21 
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Estirnated 'monthly discharge of Big Thornpson Greek at Ark9s, Colorado. 

[Drainage area, 305 square miles.] 

Discharge in second-feet. 
! 

Run-~ 

I 

I I Total in aore· I Second· 
Maxi- Mini-

I 
feet. Depth in 1 feet per 

mum. nHiill. M:ean. inobe•.

1 

•quare 
I mile. 

I I -------,-
Month. 

1897. 
May .............. . 666 64 417 25,640 1. 58 1. 37 
June .... _ ......... . 850 36 462 27,491 1. 68 1. 51 
July .............. . 459 146 265 16,294: 1. 00 0.87 

390 36 

.I 
132 8,116 0.49 0.43 I 

85 19 37 2,202 0.13 0. 12 I 

August ............ . 

September ........ . 

Octobe1· ........•... 48 6 17 1,045 0.07 0.06 I 
64 6 27 1, 607 0.10 EJ a40 2,460 0.15 3 

November ........ .. 

December ........ .. 

a Approximate. 

Sec.-ft. 
1, 200 

1,100 

1, 000 

900 

800 

700 

600 

500 

;(OO 
II 
I 

300 
I 

200 

100 ,,., 
Jl.ll 

a 
0 

a Approximate. 
FIG. 101.-Discharge of Big Thompson Creek at Arkins, Colorado, 1897. 
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El!tirnate(l11wnthly discha1·ge of Sottth Platte .R-ive1· at Xorth Platte, 1.Yebraska. 

[Drainage area, 23,294. square miles.] 

ISO arge In seoon - ee . D' h d ~ t un-

I Total in ..,, •. I I Second-Month. I feet. Depth in I Maxi- Mini- Mean. feet per 
mnm. mum. inches. square 

I 
mile. 

---

I 1897. 

I .I nne 4~30 - -- _ -- _ - - _ 
I 

EU 4,427 1771 2,110 112,9981 0.09 

st 10-31. .. ---- 2, 880 151 1,505 65,670 0.05 
! 

6 

LOUP RIVER. 

On this tributary of Platte River three stations are maintained, one 
each on theN orth and the Middle Loup at St. Paul, Nebraska, just above 
their respective mouths, and one at Columbus, on the main river, just 
above the junction with the Platte. A description of the St. Paul 
stations will be found in Water-Supply and Irrigation Paper No. 15, 
pp. 95-96, and of the Columbus station on Loup River, p. 97 of the 
same paper. In computing the daily discharges Prof. 0. V. P. Stout 

APRIL.. MAV tUN2£!'t .JULY AUG. SEPT. OCT. NOV. 
10 zo 10 20 10 0 I 20 10 20 10 1!0 10 ~0 + 1.00 

0.00 

~ 

" 
" J ' ~ I~ !,A 

~ 
v "'~) 

~, " >< "-.. ~~~ r.t ~~ ~ / ' 10'-~ 

+0.50 

"\ lP~ \ ~ ~ ~ \. ,/ \ ~ ~ ~ I~ 
'0-' 

~ .... _,.. I _0.50 
..... ~ 

\. ~ 04 ')L ~ l 
pl ·v 

i"il .......... ...._ .Jv r-a _1.00 

N( ~R Th LOI.. 'P 

-1.50 
FIG. 102.-Corrections to gage height, 1897. 

has employed a method which be describes as follows: A diagram, 
fig. 102, bas been used to facilitate the indirect application of the 
rating tables. The observed heights are first corrected by use of 
this diagram, and then the rating table is applied to obtain the esti
mated discharge. By this means a single rating table is used instead 
of a number of tables modified at short intervals. For example, take 
the case of Middle Loup River. 
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At St. Paul, Nebraska, in 1897, measurements of discharge were made 
as noted in the following table: 

Measurements of discha1·ge of Middle Loup Rivet at St. Paul, Neb1·aska, in 1897. 

ate. 

April 

May1 
2 ..... ----

1.------ ---
7--- ..... -

I ~:~.2 
L 

18 _______ .

1 
6 --------

Gage Discharge.! height. - I 
I 

Feet. Second-feet.\ 

1.74 1, 792 1 

1.77 1,441 
1.84 1, 256 
1. 87 979 
1.58 816 

Date. I Ga!i.e 

I 
heig t. 

________ I Feet. 

July 27 1.56 
August 18 ...... 1. 65 
October 9 ...... 1.70 
October 30 ..... 1.68 

Di 

-
Se cond-jeet. 

666 
661 
814 l,:J 

An examination of the foregoing table fails to reveal any stable rela
tion between gage height and discharge. When the results of the 
measurements are plotted on cross-section paper the problem of obtain
ing a rating table for either direct or indirect application seems at first 
to be one of hopeless difficulty. A rating table, however, has been pre
pared in the manner indicated by the following paragraph, which is 
quoted from the report of fi.Pld work in Nebraska in 1897: 

The discharge curve has been made to conform to the gagings of June 18 and July 
17 and to the assumption that· for the greater discharges it follows the same law as 
the corresponding portion of the curve for the Platte River at Columbus, due 
allowance having been made for the difference in the width of the two rivers. 

The rating table is as follows: 

Rating table for Middle Loztp River at St. Paul, Nebraska, for 1897. 

Gage 
height. Disc.harge. Gage 

height. I Discharge. I 

I &oon:;~'' I Feet. Second-feet. Feet. 

1.0 625 
I 

1.6 
1.1 655 I 1.7 865 . 
1.2 685 I 1.8 925 I 

1.3 713 1.9 990 

I 
~ 

745 I 2.0 1,065 
780 

I 
-

Gage 
height. Discharge. 

Feet. Second-feet. 

2.1 1, 155 
2.2 1, 250• 
2.3 1,360 
2.4 1,480 
2.5 1,605 

Gaihe 
heig t. 

Feet. 

2.6 
2.7 
2.8 
2.9 
3.0 

jm 
,-
Se cond-jeet. 

1, 740 
1,890 
2,050 
2,215 

2, 39o I 
• I I _ __j 



NEWELL.] LOUP RI\"ER. 325 

The following table, to be used in connection with the indirect appli
cation of the former rating table to obtain discharge of Middle Loup 
River at St. Paul, Nebraska, has been prepared: 

Cor1·ection table for Middle Loup River at St. Paul, Nebraska, for 1897. 

~ate of d;soh~ge measurement. Gage height. Corrected Correction to 
gage height. gage height. 

April 2 .•.....••••.................... 

:!\fay 11 .......•...........•........... 

May 27 ........................ - -----. 
J one 18 •.......................... - .. 

July 16 .•.....•.................•..... 

July 27 ....... ; ...................... . 

August 18 .......................... .. 

October 9 ........••.................. 

October 30 .......................... . 

Feet. 

1.74 

1. 77 

1.84 

1.87 

1. 58 

1. 56 

1.65 

1. 70 

1. 68 

Feet. Feet. 

2.63 +0.89 
2.37 +0.60 
2.20 +0.36 
1. 88 +0.01 

1. 58 0.00 

1.13 -0.43 

1.11 -0.54 

1. 59 

~ 2.55 +0.87 

The corrected gage height is that which in the rating table corre
sponds to the measured discharge. ·The correction to gage height is that 
which must be applied to the observed gage height to obtain the cor
reeted gage height. 

This method has been used in place of the following table, which 
has been deduced independ9ntly by the method commonly employed 
in the case of streams with shifting cross sections. 

Rating table for Middle Lonp River at St. Pa1tl, Nebraska, as deduced by itsual method. 

c Ap,.ltoMay n;,.bla,gs. " ~ 
height. 1, and May 2 to 21, May 22 to June June 2 to Oct. 

Oct. 28 toN ov. 1897. 1, 1897. 27, 1897. 
30,1897. 

Feet. Second-feet. Second-feet. Second-feet. Second-feet. 

1.4 ........... - ......... ....... -- ..... -. . -- ......... -... -- 483 

1.5 1,002 885 ·----· -----· 598 

1.6 1, 326 1,095 780 713 

1.7 1,650 1, 305 980 823 

1.8 1,!174 1, 515 1,180 943 

1.9 2,298 1, 725 1,380 1,058 

2.0 2,622 ---------··· -------··-·· 1,173 

2.1 . 2, 946 . - ................... -..... ............ ............. 1, 288 

2. 2 3, 270 . -.- .. - .. -.- ... - ....... . 1, 403 

1,518 

1,633 I 
1,748 I 

I 

2. 3 3, 594 .. ____ • _____ . . .. ___ . ____ .

1 ~~--------~~-~~-~----~~~-~~-~-~~-~~-~~~~-~~-~~-~~-~-~~-~~~~'----~ 
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Rating table for Middle Loup River at St. Paul, Nebraska, as deduced by usual method
Continued. 

Discharge. 

1

May22to.June June 2 to Oct. 
1, 1897. 27, 1897. 

I 

Gage 
heig:bt. .Apr. 1 to May 

1, and May l! to 21, 
Oct. 28 toN ov. 1897. 

30,1897. 

Feet. Second-feet. Second-feet. I Second-feet. Second-feet. 

2.6 1,863 
2. 7 . . . . . . . . . . . . . ........... l •.• - • • . . • • • • 1, 978 

2. 8 .. -- ..... -- . . .. - - .... -- . . ----- ... - . . 2, 093 
2. 9 .. - -- . . . . . . . . . - ...... - - . . .. - - ... - - . . 2, 208 

3. 0 ---.---- ---· ........ -.. . .... ... . .. . . 2, 323 

L__3_._1~-----_--_-_-_--_-_-~·-·-_-_·_··_··_-_-_--~---_-_-_-_·_··_·_--_·~---2,_4_3~ 

To construct the diagram, fig.104 (seep. 331), a number of horizontal 
lines are ruled at equal distances apart on a sheet which has a vertical 
ruling for each day of the year. One of the horizontal lines is assumed 
as the zero or base line, from which the correction to gage height may 
be laid off to scale on the vertical line corresponding to the date of the · 
discharge measurement. A free-hand curve is drawn through the 
points thus located, and it is considered that the ordinate intercepted 
between this curve and the zero line, on the vertical line corresponding 
to any date, is the correction to gage height for that date. When this 
correction has been applied to the observed gage height, the rating table 
is entered with t~e corrected gage height as an argument, and the 
mean rate of discharge for that date is found. 

It may be said, with show of reason, that this method of rating a 
gaging station is founded on a rational basis. Except at the lowest 
stages of a sandy river, when it is divided into several channels, or 
when it occupies .only a portion of the ordinary channel, the main 
cause of the changes in the relation between gage height and discharge 
is the elevation and depression of the bed of the river, which are known 
to take place. This change usually occurs at a gradual rate, and pre
sumably with some regularity. Sudden floods, however, tend to wash 
the sand from the channel of the river and to deposit it on the sides, so 
that when the flood subsides it is found that the surface of the water 
is ({onsiderably lower than at times of equal discharge previous to 
the flood. The curves here given, however, do not show a1.1y marked 
instances of this efl'ect. This fact may be explained by the absence 
of excessive floods in 1897. 

Now, if the river bed be imagined as permanent, and a rating table 
be deduced, it is apparent that this rating table can be applied indi
rectly to the station, in spite of changes in the average elevation of the 
bed of the stream, if the form of the cross section of the stream does 
not undergo material change. 
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If such a rating table could be obtained, the curve of corrections to 
gage height, as here defined, would represent at the same time the 
changes in the average elevation of the bed of the stream. Through
out a season during which no floods occur we should expect the curve 
to be one of considerable regularity and smoothness. Those portions 
of the curve which were adjacent, in point of time, to floods of magni
tude, would be expected to present irregularities not in accord with 
the smoother portions of the curve on each side of them. 

Recurring now to the cases in hand, it must be noted that in no one of 
them is there more thJ,n the roughest approximation to the conditions 
of the ideal case which has been assumed. Soundings have shown 
that at times of equal discharge the sections at the same point may 
vary materially in area and in form. Nevertheless, the process which 
has been described has been founded upon the assumption of the exist
ence of the ideal conditions, and it may be of interest to examine the 
curves as constructed and see how nearly they approximate in their 
nature to what would be expected if the ideal conditions actually pre
vailed. When the direction of curve is upward in the direction of the 
progress of time it indicates that the river bed is falling, and vice 
versa. 

The curve which represents corrections to gage height on the Middle 
Loup River at St. Paul is smooth, with the exception of a departure 
from the normal in the vicinity of the point which corresponds 
to the gaging of July 16. The maximum flood of the season, which 
occurred on July 1, might explain this exception, but a flood on August 
10, which reached nearly as great a height, seems to have been without 
effect on the nature of the curve. The curve indicates that the average 
surface of the bed of the river rose until August 18, from which time 
it fell until the close of the season. 

The curve for North Loup River at St. Paul is of the same general 
nature as that for the Middle Loup. The bed of the river rose, except 
as noted, until a period about August 18, during which it seems to 
have been stationary and after which it fell until the end of the sea
son. The only exception to the general ~smoothness of the curve occurs 
in the portion governed by the gaging made on May 28. For a 
short period at this time it seems that the bed of the river fell, while 
the general change during the season until August 18 was in the oppo
site direction. The season from J nne 22 to July 6, inclusive, was one 
of floods, the highest stage of water for the year occurring on July 3. 
The effect of these floods on the curve is not apparent. The rating 
table for this station was prepared for use in connection with the work 
of 1896 and is to be found in the Eighteenth Annual Report, Part IV, 
p.177. 

The curve for the Loup River at Columbus indicates that the bed 
of the river was subject to several alternations of rise and fall. It 
seems to have risen rapidly from March 19 to lVIarch 23, then to have 
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been stationary until April 27, to have fallen until May 25, to have 
risen again until July 16, to have fallen until August 29, to have risen 
until October 30, and thereafter to have fallen. These indications are 
confirmed by the points representing gagings on the following dates 
and which lie between the extreme points at which changes in the 
direction of the curve appear, viz, June 17, July 29, .August 17, and 
October 7. The principal floods of the season reached their maxima 
on June 27 and July 1, but they do not seem· to have interfered with 
the smoothness of the curve. The rating table used for this station 
was prepared in 1895, was modified and extended in 1896, and was 
published in the Eighteenth Annual Report, Part IV, p. 183. 

The ra~ing table for the White Hiver at Crawford has been made to 
conform to the measurements of discharge which were taken on 8ep
tember 6 and 21, October 18, and November 5. The curve of correc
tions to gage heights therefore coincides with the zero line during the 
period covered by those dates and indicates no change in the height of 
the bed of the stream. The other portion of the curve which applies 
to the period from June 25 to September 6, inclusive, indicates that the 
bed of the stream rose steadily throughout that period. No floods 
occurred in this stream during the season of observations. 

In the following pages are given the results of the usual method of 
computation-that is, by the use of a number of rating tables each appli
cable for a short period: 

Rating table jo1· N01·th Loup River at St. Paul, Nebraska,jor 1897. 

i Discharge. :[ Discharge. 

Gage height. : 

\ 

June 2 to 
Gage l1eight. 

Mar.13 to June 2 to Mar. 13 to 

i I June 1. Oct. 31. June 1. Oct. 31. 
; ! I 

I I I 
\ 

Feet. Second-feet. Second-feet. Feet. Second-feet. Second-jee4_. 
I I 

2.6 
! 

46& 580 3.4 2,380 1, 980 
2.7 ! 690 615 3.5 2,610 2,212 
2.8 I 920 660 3. 6 .2, 840 2,444 

I 
2.9 1, 150 820 3.7 3,070 2,676 
3.0 1,460 I 1, 052 3.8 3,300 2, 908 
3.1 1,690 I 1,284 3.9 3,530 3,140 I 

I 
3.2 I 1,920 

I 
1,516 4.0 ----·· ··---· 3,372 

3.3 i 2,150 1,748 I 

I 

I 
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Estin~ated 1nonthly discharge of North Loup Rivet· at St. Paul, Nebraska. 

[Drainage area, 4,024 square miles.] 

Discharge in second-feet. Run~ 
Month. Total in acre- Second-

Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

------ ---
1897. 

January .•......••. ....................... ---- ----1· 1, 000 61,488 0.29 0.25 
February .......... . . . . . . . . a 1, 000 55,537 0.26 0.25 
March ...........•.. ... - . --- ...... . ... ------ a1, 000 61,488 0.29 0.25 
April ............... 3,530 575 1,329 79,081 0.37 0.33 
May ............... 1, 265 575 961 59,090 0.28 0.24 
June ............... 4,880 575 1,183 70,393 0.32 0.29 
July . . . . • . . . ....... 3,372 635 954 58,660 0.28 0.24 
August ............. 1,284 635 728 44,763 0.21 0.18 
September ......... 1,864 635 788 46,889 0.22 0.20 
October ............ 1, 748 I 740 1,013 62,287 0.29 0.25 
November ...•...•.. . ---- ....... . ----. -. al, 000 59,504 0.28 0.25 
December ••...•.•.. .................... -...... -....... - a1, 000 61,488 0.29 

_ 0.25 I ------
The year ..... -...... -...... -- ... ---- ... - ... 996 720,668 3.38 0.23 

a Approximate. 

Sec.-ft. 
6,000~~-+-r,_+-~~-+-r,_+-~~-4-+,_~+-~~~-+-r,_+-+-~-+~~ 

1, 000 

500 

0 
a Approximate. 

FIG. 103.-Discharge of North Loup River at St. Paul, Nebraska,1897. 
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Estimated 'monthly discharge of Middle Loup .River at St. Paul, Nebmska 

[Drainage area, 6,849 square miles.] 

I 
I Discharge in second-feet. Run-off. 

I • 
Month. Total in acre- Second· feet. 

I 
Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

I mile. 

I --- i 
1897. 

I 
January ·--- ------. ------·- ____ ---rl, 500 92,232 0.25 0.22 

February---------- -------- al, 500 83,306 0.23 0.22 
March . _____ . __ •. __ . ______ •

1 

a 1, 600 98,380 0.26 0.23 
April __ .• _ . • . _ . ____ _ _ _ _ • a2, 000 119,008 0.32 0.29 

May ·----· --------- 1,490 1,055 1,274 78,335 0.221 0. 19 
June . __ .•.••.•. __ .. 2,600 860 1,037 61,706 0.17 0.15 
July .. ___ . _ ..•.. ___ 1,800 660 865 53,186 0.151 0.13 
August .. ____ .. __ • _. 885 605 673 41,381 0.12 0.10 

I 
September--------- 720 585 I 675 40,166 0.11 I 0.10 
October . ___ ... _ .. _ . 2,800 705 1,169 71,879 0.20' 0.17 

I ..... _. _:a 1, 100 
I 

November .. _ ....... -.. -- - .. -- 65,454 0.18 0. 16 

I 

December ..•••..... -------- :_:_::.:.:.:r 1, 100 
67,636 0.18 0.16 

i 
The year ..... . -- - .. - . 1, 208 872,669 2.39 i 0.18 

I 

a Approximate 
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FIG. 104.-Correction curve, observed and estimated heights, and discharge of Middle Loup River at 
St. Paul, Nebraska, 1897. 

Rating tablejo1· Loup Rivtn·, Columbus, Nebraska, for 1897. 

Discharge. a 

Aug. 5to I Ga~ 
heig t. Mar.15to 

I 
May 25 to I July 2 to 

Apr. 27. July 1. I Aug.4. Nov. 21. 

Feet. Second-feet. I Second-feet. Second-feet. Second-feet. 

3.7 ~------ ····+····· ······ 560 .. ---- .... ---. 
3.8 . ' 1, 060 . -......... -.. -... -- ... -. --- ..... . ---- ... -.......... 
3.9 r----- ------ -----· ------ 1,720 . ----. --. ---
4-.0 ------ ----.·I·----- . ----- 2,380 1, 100 

: 

LE 1------ _____ l _____ -----· 3,040 1,300 

I 
2 ----------·· ------·----- 3,700 1,650 

: 1 

a Discharges from April28 to May 24 were interpolated. 
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-

Rating table for Loup .River, ColurnbuB, Nebraska, for 1897-Con tinned. 

Feet. 

4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
7.7 

Discharge. a I 
I--M-a-r.-1-5-to--~-M-a_y_2_5-to~---Ju_l_y_2--ro--~-A-~~ 

Apr.2'7. Julyl. Aug.4. • Nov.21. 

Second-feet. 

2, 780 
2,950 
3,150 
3,400 
3,700 
4,200 
4,850 
5,500 
6,150 
6,800 

Second-feet. 

1, 450 
1,GOO 
1, 800 
2,050 
2,400 
3, 200 
4,040 
4, 880 

Second-feet. 

4, 360 
5,020 
5,680 
6,340 
7,000 
7,660 

Second-feet. 

2,200 
2,920 
3,640 
4, 360 
5,080 
5,800 
6,520 
7,240 

------------ ------ ------,·----- ------
7, 450 ........................ I •••••••••••• 
~wo I ! 

8, 750 ~ ~ ~ ~ ~ ~ ~ ~ ~ :: : ! : ~ ~ ~ :: : ~ : ~ ~ J ~ ~ ~ : ~ : ~ ~ ~ ~ : 
1:: : : :: :: : : : :::: i:::::: : : : ::: I: : :: : : : : : ::: I 

------ ------ 27, 000 ------ ------I------ ------. 
a Discharges from April 28 to May 24 were interpolated. 

Estimated monthly discharge of Loup River at Ooluntbus, Nebraska. 

[Drainage area, 13,542 square miles.] 

Discharge in second-feet. Run-off. 
' 

Month. Total in acre- Second-
Maxi- Mini- feet. Depth feet per Mean. in mum. mum. inches. square 

mile. 

----- ---
1897. 

ApriL __ .. __ ---- ____ 4,525 2,675 3, 695 219,867 0.30 0.27 
May ................ 2, 875 1,750 2,496 153,473 0.21 0.18 
June : .. .. -..... __ .. 4,880 1,520 2,498 148,641 0.20 0.18 ,. 
July . __ ............ 27,000 670 I 3, 490 I 214,593 0.30 0.26 
August ... ____ ...... 5,870 1,000 2, 311 1 142,099 0.20 0.17 
September . ______ .. 2,780 1,160 1,837 . 109,309 0.16 0.14 
October .... __ ... __ . 23,800 1,510 4, 401 : 270,609 0.36 0.33 

I I 

I 
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FIG. 105.-Discharge of Loup River at Columbus, Nebraska, 1897. 

PLATTE RIVER. 

One gaging station is maintained on the main Platte River at 
Columbus, described in Water-Supply and Irrigation Paper No. 15, 
p. 98. It is a short distance above the mouth of Middle Loup River. 

Rating table for Platte River at Columbus, Nebraska, for 1897. 

Ga~e Discharge. Gage 
~ischarge. Ga~ Discharge. Ga!te Discharge. heig t. height. heig t. heig t. 

------
Feet. Second-feet. I Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

2.5 1,400 3.3 4,500 4.0 9,200 4.7 18,000 
2.6 1,676 3.4 5,000 4.1 10,300 4.8 19,700 
2.7 1,984 3.5 5,500 4.2 11,300 4.9 21,600 
2.8 2,324 3.6 6,050 4.3 12,300 5.0 23,700 
2.9 2,696 3.7 6,700 4.4 13,450 5.1 26,000 
3.0 3, 100 3.8 7,400 4.5 14,800 5.2 28,400 

~ 
3,500 3;9 8,200 4.6 16,400 5.3 31,000 
4,000 2 

I 
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Estimated rnonthly discharge of Platte River at Columbus, Nebraska. 

[Drainage area, 56,867 square miles.] 

~Month 
Discharge in second-feet. 

: 
Run-off. 

I I Total in acre- Second-
Maxi- Mini- , feet. Depth in feet per Mean. I :wnum. mum. inches. square 

I .mile. 
I 

I 1897. 
I May--------------- 21,600 6,700 "'725, 620 0.24 0.21 11,801 ! 

June ....... -------- 31,000 _8,700 16,904 ; 1, 005,856 
0.33 ~ 

July .......... ____ . 8,200 990 2, 771 ! 170,383 0. 06 I 0. 05 
I 

Sec.-ft. 

~.ooo~-+-+~~~~~+-~~~-H~~-r1-+-r;-+-r1-~r+-r1-~~~ 

FIG. 106.-Discharge of Platte River at Columbus, Nebraska, 1897. 

ELKHORN RIVER. 

Elkhorn River drains an area in northeastern Nebraska adjoining the 
basins of Niobrara and Loup rivers. This river is the last important 
tributary of the Platte before the latter stream enters Missouri River. 

A gaging station is located about 2 miles south of Norfolk, Nebraska, 
and above the mouth of the North Fork. The results of the field work 
at this station are given in Water-Supply and Irrigation Paper No. 15, 
p. 99. 

Four measurements of the North Fork near Norfolk were made, as 
follows: March 24, discharge 701 second-feet; May 6, discharge 166 
second-feet; 1\iay 24, discharge 77 second-feet; J.u.ly 30, discharge 70 
second-feet. 
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Rating table for Elkhorn River at Norfolk, Nebraska, fm· 1897. 

Ga!f.e 
beig t. Discharge. Ga~ 

heig t. Discharge. Gage 
height. Discharge. Ga~ 

heig t. Discharge. 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

0.5 115 1.0 256 1.5 435 2.0 660 
0.6 140 1.1 289 1.6 477 2.1 740 
0.7 166 1.2 323 1.7 519 2.2 820 

194 1.3 359 1.8 562 2.3 lJ!_ 9 224 1.4 396 1.9 607 2.4 9~ 1, 010 

Estirnated rnonthly dischm·ge of Elkhorn River at Norfolk, Nebraska. 

[Drainage area, 2,474 square miles.] 

~Month. Discharge in second-feet. Run-off. 

Total in acre- Second-feet. Maxi- Mini- Mean. Depth in 
inches. 

feet per 
mum. mum. square 

mile. 

---- ---
1897. 

January ............ ............... - ... -- -.. -- a1, 000 61,488 0.46 0.40 
February ........................... .................... .................... a900 49,983 0.37 0.36 
March .............. -------· ..... -- ..... -. a800 49,190 0.37 0.32 
May ...... ---------- 1,020 320 539 33,142 0.25 0.22 
June ............... 370 255 302 17,970 0.14 0.12 
July ...... _ ........ 380 180 244 15,003 0.12 0.10 
August ..........• :. 275 150 206 12,667 0.09 0.08 
September ......... 190 115 158 9,402 0.07 0.06 I October .. __ ..... __ . 295 .140 209 12,851 0.09 0.08 

m ber ........ :. ................. .................. a200 11,901 0.09 0.08 
mber .......... .................. .................. a200 12,298 0.09 0.08 

a Approximate. 

List of 1niscellaneous discharge rneasurernents, Platte Basin. 

F I Meter Area Mean 
Stream. Locality. of seo- veloc-l:l 

Feb. 5 
Mar. 28 

May 14 
May 28 

Do. .. 
June 14 
June 21 
June 23 

~ 

Salt Creek ............ 
Blue Creek ........... 

South Platte River ... 
Middle Loup River.:. 
South Loup River .... 
South Platte River ... 
..... do ................ 
Elkhorn River ........ 
North Loup River .... 

So nth Platte River ... 

number. 

Lincoln, Nebraska........ 105 

NE. :! sec. 30, T. 16 N., R. I Float . 
42W. I 

North Platte, Nebraska .. f Price. 
Boelus, Nebraska ......... · Price. 
St. Michael, Nebraska .... 1 Price. 
North Platte, Nebraska .. i 1 
..... do .................... , 1 

O'Neill, Nebraska ........ 
1 

Price . 

'£.P.Jobn'oranob,moutb I Prioe. 
of Waumeduzu Creek. 

North Platte, Nebraska• .. , Price. 

tion. 

---

Sq.feet. 
............ 

37 

1,141 

383 
147 

1,141 

1, 792 

19 

69 

1,348 

ity. 

---
Feet per 
second. 
............ 

3.15 

1.71 

2.17 

1.48 
1.71 

2.47 

1. 08 
1. 88 

2.13 

I_ ch-arg-e. I 
Sec.-feet. 

38 

115 

1,949 

837 
220 

1,949 

4,427 
21 

~ 
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EVAPORATION AND SEEPAGE NEAR KEARNEY, NEBRASKA. 

Observations of evaporation were made, under the· direction of Prof. 
0. V. P. Stout, on a small pond on the grounds of the Nebraska State 
Industrial School at Kearney by Maj. H. C. McArthur. A hook gage 
was placed August 12, 1895, fastened vertically and reading to one
hundredths of an inch. This pond is 320 feet long in a north and south 
direction and about 90 feet wide east and west. When full the depth 
is nearly 7 feet, and is usually from 5 to 5.5 feet. The water supply, 
with the exception of that which falls in the form of rain and snow upon 
the surface of the pond and the inner ·slopes of the embankment, is 
under complete control, being admitted from the Kearney Canal through 
a cast-iron pipe with a gate valve. The results of the work in 1895 will 
be found in Bulletin No. 140, p. 349. The results for 1896 are given 
below; i.n 1897 readings were taken only through October, November, 
and December. 

Daily mean evapm·ation and seepage, near Kearney, Nebraska, for 1896. 

p•Y· .April. May. June. July. .Aug. I Sept . Oct. Nov. I 
------

Inche6. Inches. Inches. Inchei. Inches. Inches. Inches. Inches. 

1 ...... ·----- .. . ---- .. 1. 06 (a) 1. 60 .. -- ...... (a) 1.17 2.55 
2.- .... -- ...... .. ---- ... 1.10 . ---- ... 1. 33 3.25 (b) 1.16 2.15 
3 ...... -... -... . ---- .. 0.91 2.10 1. 21 2.90 .... ---- . 1. 17 1. 95 
4 .••. · •••..••••• .. ----- 1.13 1. 90 1.00 2.40 2.69 (a) 1. 80 
5 ...........•.. .... ----- (c) 1.55 1. 00 (b) 2.36 (a) 1. 65 
6 .. -.- ......... .... ---- ... 1.11 1. 40 (b) 1. 88 2.03 2.59 1. 25 

7 .... ·----· .... . ----- . 1. 12 0.70 1.10 1. 67 1.75 2.10 1. 25 
8 .............. .. ----- 1.11 0.83 1. 05 1.70 1.56 2.08 1.11 

9 .......... ---- . ---- .. 1. 09 0.78 (b) 1.52 1. 81 1.93 0.93 
10 .............. . ----- ... (a) 0.94 0.80 1.51 (b) 1.63 0.94 
11 .. - ........... -. ----. (a) (b) 0.98 1.57 , ....... 1.42 0.92 
12 ...........•.. (a) 0.86 I 1. 31 I 1.79 1. 35 I 0.90 . ----- ... 0.90 i· 

13 ... --· -··· .... . ------ 2.73 1.12 0.99 I (a) 1. 69 1. 28 0.90 
14.- ............ . ---- .. 2.68 1.08 1.03 . ---- ... (b) 1. 27 0.80 

15 .. -.-. ---. ---- ... --- . -- (b) 1.14 1.04 2.37 ......... .1. 23 (a) 

16 .......... -··· . ----. - (b) 0.98 (a) 2.29 3.04 1. 20 -.-- --.-
17 ... _ .... :. ---- . ---- .. 1.38 0.92 (a) (b) 3.0~ 1.19 I dl. 61 
18 .. --- ... -.... - . ----- - 1.97 1.04 . --- .. - .. -- ... - (b) (a) \ dl. 64 
19 ........ ·----- 0.95 (b) 1.06 3.05 3.28 . ----. - 1. 65 dl. 58 
20 .............. 1.70 1.31 1.10 1.93 2.72 1.88 1.571 1.35 
21 .. -- .......... 1.40 0.98 1.00 2.82 (b) 1.80 (a) 1. 20 

22 -. - . - - --...... 1.25 0.62 1.05 2.65 (b) 1. 75 (a) 1.10 
23 ......... - ... - 1.25 0.97 I (b) (b) . ----.- 1. 67 1.43 1.00 
24 ......... _____ 1.22 0.85 : 0.76 (b) 2.95 1.60 1. 35 0.90 

I 

a Pond fulL bRain. c Gage moved. dIce in pond. 
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Daily mean evap01·ation and seepage, nem· Kearney, Nebraskct, j01· 1896-Continued. 

I Day. .April. May. June. July. An g. Sept. Oct. Nov. l 
---------------

lnches. Inche.~. Inches. Inches. Inches. Inches. Inches. Inches. 

25 .•............ 1.27 1.09 (a) ............ 2.80 1.55 1.40 0.85 

26 .............. 1.17 1.10 (a) 3.72 2.28 (b) 1. 08 (c) 

27 ··.···· ........ 1.25 1.15 . ---- ... (b) 2.08 1.38 1.05 (c) 

28 .............. (b) 1.12 1.85 ··---·- 1.74 1.16 1. 02 (c) 

29 .............. ~.25 1.11 (b) 3.65 1. 63 1.19 (b) (c) 

30 .............. 1.03 1. 05 (b) 3.05 3.39 1.18 (b) (c) 

31 .............. ............... (a) . ... -- .. - (b) (a)· ·----·· (b) ............. 
-----------------

Mean ------ 1. 25 1. 25 1.15 1. 75 2.25 1.85 1. 45 1.32 

Total, esti-

mated .. 
1

d15. 00 38.75 34.50 54.25 69.75 55.50 44.95 39.60 

a Pond full. bRain. cFrozen. dApril 19 to 30. 

Esti'tnated nwnthly evaporation ancl seepage neat· Kearney, Nebraska. 

Inches per 24 hours. 

Month. 

1896. 

Maxi
mum. 

_April19 to 30.................. .. . 1. 70 

May............................. 2.73 

·June............................. 2 .. 10 

July............................. 3. 72 

August........................... 3. 39 

September . . . . . . . . . . . . . . . . . .. . . . . 3. 04 

October.......................... 2. 59 

November........................ 2. 55 

KANSAS BASIN. 

Mini
mum. 

0.95 

0.62 

0.70 

0.80 

1. 31 

1.16. 

1. 02 

0.80 

Mean. 

1. 25 

1.25 

1.15 

1. 75 

2.25 

1. 85 

1. 45 

1. 32 

T~ in,~~~~- I 

15.00 

38.75 

34.50 

5-1.25 

69.75 

55.50 

~ 0 

The basin of Kansas River is located between that of the Platte on 
. the north· and the .Arkansas on the south. It difl'ers from these two 
watersheds in that it is wholly a plains basin and none of the tribu
taries drain mountainous areas. It is also different from the ordinary 
river system in that rainfall is least at its head, averaging about 10 
inches in eastern Colorado and then gradually increasing toward the 
east, where the average is about 40 inches. The head-water streams 
rise in an arid country, passing through what is known as the sub
humid region, and then below the course of the main stream is in the 
humid belt. The larger tributaries of Kansas River carry considerable 
water, but they are not utilized for irrigation to any great extent. 

19 GEOL, PT 4--22 
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Kansas River proper is formed by the junction of Republican and 
Smoky Hill rivers at Junction City, Kansas; these two rivers drain at 
their mouths 25,837 and 20,428 square miles, respectively. 

REPUBLICAN RIVER. 

On Republican River two gaging stations have been maintained-one 
at Superior, Nebraska, aud the other at Junction City, Kansas. They 
are described in Water-Supply and Irrigation Paper No. 16, pp. 107 
and 109, respectively. The results of the work at Superior, tLe 
upper station, are not so satisfactory as they might be on account of 
the occurrence of a milldam directly below the gage and to the fact 
that the water when running in the mill race is not included in the 
measurements. The error is greatest at low water when the discharge 
of the canal is a larger percentage of the flow of the river than during 
high water. Also at extreme low stages the storage in the mill pond is 
drawn upon and no water then passes over the crest of the dam. The 
data in the accompanying tables show the amount of water passing 
over the crest of the dam. It is reported that the water was used by 
the mill at a nearly constant rate, about 85 second-feet. This amount, 
therefore, should be added to the figures in the tables. The condi
tions prevailing at this gaging station are more fully described in the 
Eighteenth Annual Report, Part IV, p. 201. The area drained at this 
point is 22,347 square miles. 

The Junction City station is located at the mouth of the river where 
it joins Smoky Hill River. The figures show the total run-off for the 
basin. 

Rating table for Republican River at Supe1·ior, Nebmska, for 1897. 

Ga~e 
heig t. Discharge. i 

I 
h~i~1:t. I Discharge. 

1 

Ga~e 
heig t. Discharge. height. 1sc arge. Gage D:::] 

Feet. Second.jeet. Feet. Second .feet. Feet. . Second-feet. Feet. Second.jeet. ~ 
0.0 60 0.5 341 1.0 880 1.5 2,360 
0.1 101 0.6 420 1.1 1,130 1.6 2,660 
0.2 150 0.7 506 1.2 1,460 1.7 2, 960 

I 
0.3 206 0.8 600 
0.4 270 0.9 710 

I 

1.3 1,760 

~_j 1.4 2,060 
--~----



NEWELL.) REPUBLICAN RIVER. 339 

Estimated nwn!hly discha1·ge of Republican Rirer at Superi01·, Nebraska. 

[Drainage area, 22,347 square miles.] 

~Mouth. 
Discharge in second-feet. a Run-off. 

I Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

------

1897. 
January ............ 1 

1!-...ebruary ......... ·I 900 555 710 43,655 0.037 0.032 
1,520 420 906 50,316 0.043 0.041 

March ............. 650 385 510 31,359 0.026 0.023 
April ............. I 2, 870 620 

I 
1,244 74,023 0.062 0.056 

1,130 180 420 25,825 0.022 0.019 May ............... 
1 

180 359 17,802 0.018 0.016 .June 1-25 .......... ' 
July ............... 1 

750 
4,310 119 922 56,690 0.047 0.041 

August ............ 1 1,460 94 2;':;9 15,924 0.014 

~ September ......... 2<11 0 
I 

71 4,225 0.003 3 
I I 

a Discharges represent amount going over dam only; the mill race carries on an average 85 second-
feet. · 

Sec.-ft. 
8,000 

6,000 

4, 000 

2,000 

0 

JAN FEB MARCH APRIL MAY JUNE JULY AUG. SC!:PT f>ocJo NOV. 
10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 1020 10 20 

l l _jl -!... ..... t .IWU IL .J! WJ '0 I ...... 

FIG. 107.-DiE>charge of Republican River at Superior, Nebraska, 1897. 

Rating table for Republican River at JnncUon City, Kansas, jo1·1897. 

DEC. 
10 20 

·-

~£~'~ 

I 
Gage I D" h Gage I I Gage I Gage ' ~ 

. 

height. li 1sc arge. 
1 

height. I Discharge. :I height. i Discharge. I height. I Discharge.j 

~--- ~~---, ~--- I 
Feet. Second-feet. , Feet. Second feet ' Feet. 1 Second-jP.et. Feet. Second-feet. 

85 3. 2 5~5 "I' 4. 3 1, 240 5. 8 2, !l75 2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 

102 3. 3 560 4. 4 1, 325 6. 0 3, 300 
125 3. 4 625 4. 5 1, 415 6. 2 3, 600 
154 3. 5 690 4. 6 1, 505 6. 4 3, 925 
210 3. 6 750 4. 7 1, 605 6. 6 4, 280 
254 3. 7 810 4. 8 1, 710 6. 8 4, 700 
290 3. 8 870 4. 9 1, 820 7. 0 5,140 

325 3. 9 930 5. o 1, 925 7. 2 s, o8o I 

~_:_:_~ _______ ;~_!_. ~--;:_~----~-:-~-~-~~-_:_·_: ___ !_.:_~-~--~-7---4---~ 
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Estin~ated monthly discharge of Republican .River at Ju.nction City, Kansas. 

Month. 

1897. 
ry ............ Janua 

Febru 

March 

April 

May 

June 

July 

Augu 

Septe 

Octob 

Novem 

ary ----------
------------. 

:.. --- .. - -........ -- .. 

............ ---------

..... --- .......... - .. 0 .. -

............ ----- ....... 
st ............. 
mber ......... 

er ............ 

ber .......... 

c ber .......... 

The year ..... 

Sec.-ft. 
24,000 

22,000 

20,000 

18,000 

16,000 

14,000 

12,000 

10,000 

8, 000 

6,000 

4,000 

2,000 I 
ll • 0 

[Drainage area, 25,837 square miles.] 

Discharge in second-feet. Run-off. 

Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

------
I 

0.0331 1, 16o I 560 740 45,507 0.029 
3,055 625 1,343 74,563 0.054 0.052 
1, 160 750 898 55,228 0.040 0.035 
8,250 1,000 2,032 120,895 0.087 0.078 
2,550 325 833 51,213 0.037 0.032 
6, 053 290 1,592 94,713 0.068 0.062 
6,360 440 1,824 112, 147 0.082 0.071 
2,210 254 619 38,042 0.028 0.024 

537 125 204 12,156 0.009 0.008 
415 85 205 12,605 0.009 0.008 

1,120 290 632 37,577 0.027 0.024 
930 290 668 41,070 0.030 0.026 

------ 1-

6,360 85 966 695,716 0.504 0.037 

FIG. 108.-Discharge of Republican River at Junction City, Kansas, 1897. 
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SOLOMON RIVER. 

The principal tributaries of Smoky Hill River are Solomon and 
~aline rivers. Gaging stations have been maintai11ed on each of these 
streams. On the former the old station at Beloit, described in Water
Supply and Irrigation Paper No. 16, p. 110, was discontinued June 
30, 1897, because of its poor section. Another station has been estab
lished, however, lower down the river at Niles, near the mouth, May 6, 
1897, and from that date the record is continuous. This station is 
described in Water-Supply and Irrigation Paper No. 16, p. 111. 

Rating table for Solomon River at Beloit, Ka.nsas, for 1897. 

Gage 
height. 

1 Feet. 

2.4 
2.6 
2.8 
3.0 
3.2 

L£ 

/ Di"horge. i 

Second-feet. 

16 
20 
25 
75 

150 
210 
275 

Ga!te 
heig t. ·Discharge. 

Feet. Secondjeet. 

3.8 350 
4.0 425 
4.2 508 
4.4 590 
4.6 680 
4.8 775 
5.0 875 

Gage 
I Di"l"'"··l h~i~it I Discharge. height. 

Feet. Secondjeet. Feet. Secondjeet. 

5.2 975 6.6 1,740 
5.4 1,075 6.8 1,865 
5.6 1,180 7.0 1,990 
5.8 1,295 7.2 2,125 
6.0 1,400 7.4 2,265 
6.2 l, 515 7.6 2,415 
6.4 1,625 7.8 2,565 

Estimated 'monthly discharge of Solomon Ri·ver at Beloit, Kansas. 

[Drainage area, 5,539 square miles.] 

Discharge in second-feet. Run-off. 

Month. Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile . . ---
1897. 

January _ -----·. ___ 225 16 130 8,024 0.027 0.023 

February-----·-··· 387 20 193 10,724 0.036 0.035 
March : . ____ .. ____ . 312 92 227 13,933 0.047 0.041 
April ·---·-- ........ 7,4?0 180 663 39,463 0.133 0. 120 

I 
I 

May···--·······-·· 368 18 150 9, 254 0.031 

~ Jnne_ ··---- --·· .... 6,400 19 1,377 . 81, 913 0.278 9 
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I~A2~, 

Sec .-ft. 

12, ono 

11, nn. 
IV 

10, nn 
IV 

g, 000 

8, nn 
vv 

7, 000 

6, nn 

5, n 

4, vv• 

3, VV' 

2, 

1, VV' 

.FIG. 109.-Discharge of Solomon River at B<.~loit, Kansas, 1897. 

Rating tablejo1· Solomon Ri11er at Niles, Kansas, for 1897. 

1 ";,~\~. Diochcge. h;,~'l,·,_ Dieeha<go. "~'~'\:',_ Di .. ha<ge.l h?;:r..~. 1 m .. hacgo.l 

I Feet. Second-feet. -Jl,-,e-et-. -I-S-e-co_n_d_-f_ee-t.
11

--F.-ee-t.- Second-feet.~--;,~-:;-~'~econd-feet. 
4. 2 6o 6. 8 3so 9. 4 974 I 15. o 2, 45o 

4. 4 65 I 1. o 412 9. 6 1, ooo 1 15.5 2, 610 

4. 6 86 7. 2 447 I 9. 8 1, 040 I 16. 0 I 2, 775 
4. 8 103 I 7. 4 482 10. 0 1, 080 16. 5 I 2, 960 

5.0 124 I 7.6 518 II 10.5 1,200 17.0 i 3,145 

5. 2 14-8 I 7. 8 560 11.0 1, 325 17.5 I 3, 358 

5. 4 174 8. 0 600 ii 11.5 1, 455 18.0 i 3, 575 

5. 6 I 200 8. 2 64-2 II 12.0 1, 585 18.5 I 3, 795 

\ 

s
6 

.. 8
0 

'! 230 i 8
8 

.. 4
6 

696 
11 

12. 5 1, 725 I 19. o : 4-, 030 
260 :: 750 II 13. 0 1, 850 I 19. 5 4, 257 

6. 2 1 290 :: 8. s 8oo :I 13. s 2, ooo 20. o 4, 5oo 

. I ::: _, __ :_!~ ___ :_: ~ ~~~ ; ~~: ~ ~: ~~~ :: 20. 5 4, 757 
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Estimated ·monthly d·ischm·ge of Solomon River at Niles, Kansas. 

[Drainage area, 6,815 square miles.] 

~Month. Discharge in second-feet. I Rnng 
Total in acre- Second-

I 
Maxi- j Mini- feet. Depth in feet. per 
mum. mum. Mean. inches. square 

mile. 
,. I ------

I 1897. 
May .............. ·--- 669 ~61 267 16,411 o.o45 I 0.039 
June·----- ......... 4,500 103 1,083 64,433 0.177 I 0.159 
July------.-------- 5, 380. 215 838 51,551 0.142 0.123 
August.--~---·----· 320 1 108 193 11,892 0.033 0.028 
September . ____ .... 2oo I 65 106 6,319 0.017 0. 016 
October. ____ .. ____ . 142 62 97 5,976 0.016 0. 014 
November .......... 154 86 114 6,784 0.019 0.017 
Decen;tber . ____ . _. _. 161 60 100 6,124 0.017 0. 015 

.~A2~ 
Sec •• ft. 
6, 000 

5, 000 

4, 

3, nM 

2, nnn 
vv 

1, nn• 

FIG. 110.-Discbarge of Solomon River at Niles, Kansas, 1897. 

SALINE RIVER. 

The old gaging station at Beverly, on the Saline River, described 
in Water-Supply and Irrigation Paper No. 16, p. 112, was also discon
tinued June 30, 1897, on account of the poor section. A station at 
Salina was established May 4, 1897, just above the mouth of the river, 
which takes the place of the Beverly station. A description of this_ 
station will .. be found in Water-Supply and Irrigation Paper No. 16, 
p. 113. 
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Rating table jo1· Sal·ine Rive1· at Beverly, Kansas, jo1· 1897. 

I Discharge. ! Gage Discharge. Ga~ 
height. beig t. 
---

Feet. Seconafeet. Feet. Seeond.jeet. 

3.7 12 4.5 45 
I 

3.8 14 4.6 53 
3.9 17 4.7 67 
4.0 20 4.8 79 
4. 1 23 4.9 90 
4.2 27 5.0 102 

~ 
32 5.1 114 
38 5.2 126 4 

I I 
Ga~e 

heig t. I n;,.barge.l 

Feet. Second-feet .. ! 

5.3 138 
5.4 150 I 

5.5 162 
5.6 174 
5.7 186 
5.8 198 
5.9 211 
6.0 224 

Ga~e 
heig t. 

Feet. 

6.2 
6.4 
6.6 
6.8 
7.0 

D 

1-

i"'harge., 

cond.jeet.l 

250 
276 

302 
326 
350 

Se 

_j 
Estimated rnonthly dischm·ge of Saline River at Beverly, Kansas. 

[Drainage area, 2,730 square miles.] 

~Month, 
Discharge in second.feet. 

I 
Total in acre-

Maxi- Mini- feet. 
mum. mum. Mean. 

---
1897. 

January .. ---- .. --- 108 17 48 2,927 
February ......•••• 243 27 73 4,054 
March ... ____ ...... 67 32 46 2,835 
April --- .. --- .. --- .. 626 49 192 11,424 
May ....... __ .. __ .. 357 53 146 8,953 
.June ...... ____ ..... all, 000 381 452 26,920 

a Approximate. 

Run-

Depth in 
inches. 

0.020 
0.027 
0.019 
0.078 
0.061 
0.185 

~ 
~I 
feet per 
square 
milo. 

0.017 
0.026 
0.017 
0.070 

~ 
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Sec.-ft 
12,000 

11,000 

10,000 

9,000 

8, 000 

7, 000 

6, 000 

5, 000 

4, 000 

3, 000 

2,000 

1, 000 

.JAH. 
10 20 

Ga~e 
beig t. 

Feet. 

2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 

l£ 7 
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FEB . MARCH APRIL MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. 
10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 10 20 

·"'· ' .&.Ac AO R~C oi;G ·, 

FIG.lll.-Discbarge of Saline River at Beverly, Kansas, 1897. 

Rating tablejo1· Saline Rit•e1· at Salina, Kansas, for 1897. 
-

Gaie Gaite I Gage . 
Discharge. heig t. Discharge. heig t. I Di•cha.gc. height. Discharge. 

, 

Secondjeet. Feet. Secondjeet. Feet. Second-feet. Feet. Secondjeet. 

26 3.8 76 4.8 139 5.8 215 

31 ,3. 9 82 4.9 146 5.9 224 

36 4.0 88 5.0 153 6.0 233 

41 4.1 94 5.1 160 6.2 251 

46 4.2 99 5.2 167 6.4 270 

51 I 4.3 IOn 5.3 175 6.6 292 

55 I 4.4 111 5.4 183 6.8 314 

59 

I 
4.5 118 5.5 191 7.0 335 

65 4.6 125 5.6 198 _j 70 
I 

4.7 132 5.7 206 
I I 
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Estimated 'monthly discha1·ge of Saline River at Sa.lina, Kansas. 

[Drainage area, 3,311square miles.] 

Discharge in second-feet. 

Total ln acre-~ Run-off. ~ 
Month. 

1897. 
May ------- ---· ---· 
June.--------------
July.------ ____ .. ·-
August .. _. ___ . ____ . 

September . __ .... __ 

October ......... __ . 

I 

November ...... _ . _. 
December ... _ . __ . _ . 

.JAN FEB MARCH 
10 20 10 20 10 20 

Sec.-ft. 
6, 000 

5,000 

4,000 

3, 000 

2, 000 

1,000 

I-NO li~c 01"rrO 
0 

I 

i Maxi- Mini- I Mean. mum. mum. 

---,---I 
i 

I 
I 

335 79 147 

a4, 400 51 256 
a685 36 83 

381 28 74 

57 20 30 

70 16 32 

48 26 38 
46 28 41 

I 

a .Approximate. 

APRIL MAY JUNE JULY 
10 20 10 20 10 20 10 20 

, .. 

Second-feet. I Depthln feet ver 
inches. sqnare 

mile. 

D 

9,039 0.051 0.044 

15,203 0.085 0.077 
5, 104 0.028 0.025 
4,532 0.025 0.022 

1, 803 0.010 0.009 

1,955 0. 011 0.010 

2,279 0.013 0.012 

2, 521 0.014 0.012 

AUG SEPT OCT NOV. DEC 
10 20 10 20 1020 10 20 10 20 

A 

FIG.112.-Discharge of Saline River at Salina, Kansas, 1897. 

SMOKY HILL RIVER. 

I 

The only gaging station on Smoky Hill River itself is located at 
Ellsworth, Kansas, and observations were continued through 1897 at 
that point. The station is described in Water-Supply and Irrigation 
Paper No. 16, p. 114. ' 

Rating ta.ble for Smoky Hill River at Ellswo1·th, Kansas, for 1897. 
-------

I 

Di>ehacge.l' 
Gage Gage D' b Gaue D' I I Gaue : D' l 

height. height. 1sc arge. height. i Isc 1arge. 
1 

height. 1sc 1arge. 

1-- s.~ndfut-1! ~' s~~df<'<-1;---;:::;:--' &oondf•"-1 Feet. Second-feet. ! I Feet. 

0.9 I 10 i: 1.4 77 ,! 1. 9 190 ' 2. 4 I 324 
I' II 1.0 15 

I 
1.5 97 2.0 213 2.5 ! 353 

1.1 22 1.6 118 2.1 240 2.6 385 

1.2 35 
j 

1.7 142 2.2 267 

1.3 58 1.8 I 164 2.3 295 
I 
I ---
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Est·irnated nwnthly dischm·ge of Smoky Hill River at Ells'worth, Kansas. 

~Month. 
1897. 

January .. ___ ... ___ . 

February ..................... 

March ...... ---· .... 

ApriL-----· ........ 
May ................ 

June ............... 

July ............... 
Augnst .. ____ ....... 

September .... ____ . 1 

Octo her .. - - ........ I 
November ... __ .. __ • 

December ... _ .... _. 

.. Sec.-ft 
2, 000 

1, 000 

The year ..... 

.JAN FEe MARC" 
10 20 10 20 10 20 

[Drainage area, 7,980 square miles.] 

Di:;charge in second-feet. 

~ 
Total in acre-

I Maxi- Mini- Mean. 
feet. 

mum. mum. 

__ I __ ---

1531 22 '38 4,198 
213 35 122 6,798 

77 22 35 2, 164 
385 35 158 9, 401 1 

385 87 173 10,624 
240 35 87 5,153 
97 19 38 2,336 

295 15 95 5,854 
130 15 40 2,386 
97 10 32 1,94!:} 
77 15 38 2,285 

107 19 38 2,337 
------

385 10 I 77 55,485 

APRIL MAY JUNE: JULY AUG. SEPT 
10 20 10 20 10 20 10 20 10 20 10 20 

'· ... , .. .... ._ ... _.[A 
0 

Run-g 

Second-
Depth in feet per 
inches. square 

mile. 

0.010 0.008 
0.016 0.015 
0.005 0.004 
0.022 0.020 
0.025 0.022 
0.012 0.011 
0.006 0.005 
0.014 0.012 
0.006 0.005 
0.005 0.004 
0.005 0.005 
0.006 0.005 

I 0.132 0.010 

OCT NOV. DEC 
10 20 10 20 10 20 

FIG. 113.-Discharge of Smoky Hill River at Ellsworth, Kansas, 1897. 

BLUE RIVER. 

This stream is one of the principal tributaries of Kansas River and 
drains part of southeastern Nebraska and northeastern Kansas. Its 
northern tributaries extend almost to Platte River. The drainage basin 
receives copious rainfall, and therefore the run-off from the basin is 
larger than from the watersheds of the more western tributaries of the 
main river. The gaging station, located at Manhattan, on this river, 
is described in Water-Supply and Irrigation Paper No. 16, p. 115. 
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Rating tablejo1· Blue River at Manhattan, Kansas, jo1·1897. 

I Ga~e Gage 
heig 1t. · Discharge. heiJ;rht. Discharge. 

---
I 

Feet. Secondjeet. Feet. Secondjeet. 

2.0 180 i 4.8 930 

2.~ 200 5.0 1,010 
2.4 220 5.2 1,100 
2.6 250 5.4 1,200 
2.8 280 5.6 1,300 
3.0 320 5.8 1,400 
3.2 360 6.0 1,500 
3.4 410 6.2 1,600 

3.6 470 6.4 1,700 
3.8 540 6.6 1,810 
4.0 610 6.8 1,930 
4.2 690 7.0 2,060 

li_ 770 7.2 2,200 
850 7.4 2,340 6 

Gage I Di•eha.ge. height. 

I Secondjeet. J?eet. 

7.6 ' 2, 480 
7.8 2,620 
8.0 2,760 
8.5 3,125 
9.0 3,520 
9.5 4,000 

10.0 4,500 
10.5 5,030 
11.0 5,610 
11.5 6,280 
12.0 7,000 
12.5 7, 755 
13.0 8,580 
13.5 9,508 

Gage 
height. 

Feet. 

I 14.0 
14.5. 

15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 

I 
ID ;,eh><ge.l 

condjeet. 

10,448 
11,388 
12,328 
14,208 
16,088 
17,968 
19,848. 
21,728 
23,608 
25,488 
27,368 
29,248 
31,128 
33,008 

-

Se 

Estirnated nwnthly d·ischarge of Blue River at Manhattan, Kansas. 

[Drainage area, 9,490 square miles.] 

~Month 
Discharge in second-feet. Run-off. 

Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

1897. 
Janua.ry ........ _. _. 1,300 610 965 59,335 0.12 0.10 
February ..... _ .. __ . 2,200 610 1, 228 68,200 0.14 0.13 
March .............. 2,165 870 1,434 88,174 0.17 0.15 
ApriL .............. 32,256 1,200 7,935 472,166 0.93 O.R4 
May ............... 4,815 1,375 2,232 137,240 0.28 0.24 
June ............... 20,694 810 2, 966 176,490 0.35 0.31 
July.---- .......... 8,158 1,010 2,555 157,100 0.31 0.27 
August ........... _ .. 3,392 8~0 1,698 104,405 0.21 0.18 
September ......... 970 210 578 34,395 0.07 0.06 
October . _ ....... _ .. 770 320 561 34,494 0.07 0.06 
Novep1ber .. _ ....... 810 505 681 40,523 0.08 0.07 

I 

I December .......... 850 610 730 44,886 0.091~ ------
The year ..... 32,256 210 1, 964 1, 417,408 2. 82 0. 21 
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7,000b4-+-+~4-~-+~~~._~~-+~--~~~-+-+-r4-+-~-+~-r+-~r1 

6,000~-+-+~4-~-+~~~.-~~-+~--~~~-+-+-r;-+-~-+-r-r+-~r; 

4, 000 t-+-+-+-1--+-+-11--+--H ..... -+ 

1, 000 

Fm.l14.-Discharge of Blue River at Manhattan, Kansas, 1897. 

KANSAS RIVER. 

A gaging station on the main Kansas River is located at Lawrence, 
Kansas, at which the mea~urements have been continued throughout 
the year, as shown in the accompanying tables. The field work here 
during 1897 will be found described in Water-Supply and Irrigation 
Paper No. 16, p. 116. · 

Rating table for Kansas River at Lawrence, Kansas, for 1897. (a) 

Ga~e 
heig t. Discharge. Gage 

height. Discharge. 

---· 

Feet. Secondfeet. Feet. Secondfeet. 

0.0 787 -0.5 682 
-0.1 737 -0.6 672 
-0.2 712 -0.7 662 

~ 
702 -0.8 652 
692 -0.9 642 4 

li 

I 

Ga~e 
heig t. Discharge. 

Feet. Secondfeet. 

-1.0 632 

-1.1 622 
-1.2 612 
-1.3 602 
-1.4 592 

Ga!te 
heig t. 

Feet. 

-1.5 
-1.6 
-1.7 
-1.8 
-1.9 

Di 

1-

Se condfeet. 

582 
572 
562 

_Ej 
a For gage readings above zero use rating table for 1896, published in Eighteenth Annual Report, 

Part IV, p. 221. 
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Estimated monthly discha1·ge of Kansas River at Law?·e1we, Kansas. 

[Drainage area, 59,841 square miles.] 

~Mouth. Discharge in second-feet. 

I· 
l\Iaxi- I, Mini- I 
llllltn. ' IDUIU. I 

---,-----1 

Mean. 

1897. I I 
January . . . . . 2, 687 1 967 2,137 

February------ ____ 11,440 1,643 4,720 

March ........ ____ . 5, 837 2, 687 3, 515 

April ............ _. 58, 000 4, 035 13, 782 

May _____ ...... _ _ _ _ 14, 890 ; 3, 327 5, 907 

J nne . ____ . _ .... ___ . 32, 290 2, 395 7, 321 

July _____ . _ .. ____ . . 39, 000 2, 998 10, 420 

August ...... _ . ___ . . 5, 623 ; 897 2, 904 

September __ .. ____ ·1 1, 255 · 715 969 

October . ___ .... ___ ·I 1, 872 : 787 1, 156 

November _ _ _ _ _ ___ -I 2, 687 662 1, 927 

D b I 1 ')-- -6') 77-
1 ~ ecem er ---- ...... ~~--o_ ... ____ o_ 

L The year .. __ .I 58,000 562 4, 628 

~--R---,--un-off.l 
: Total in acre-~ Seco~ I 

fu~ I 
1 
Depth in feet per 
inches. square 

I 
131,399 I 
262,136 

216,130 

820,085 

363,200 

435,630 

640,700 

178,560 

57,660 

71,080 

114,664 

47,652 

3,338,896 

0.040 

0.082 

0.068 

0.256 

0.114 

0.136 

0.201 

0.056 

0.018 

mile. 

0.035 

0.078 

0.059 

0.230 

0.099 

0.122 

0.174 

0.0-19 

0.016 

0. 022 0, 019 

0. 036 I 0. 032 
I 

0. 015 0. 013 

1. 044 I o. 077 

Sec.-ft. 
24,000~-+-+-r,_+-~-+-r~--~r;--t--e~~-+-r,_;-+-r;--t--r~~~-r~ 

22, 00(1 1-t--t--+-r~t-i-+-t--r-HI-t-t-t-t--rfil-t-+-r,_~~r-t-t-,_-t-t-i-+-r+-i 

20,000 ~-+-+-r,_+-~-+-r-H.-~r;--1---t-

18, 000 t-+-+-+-+--+-t-1--+-+-+--rt--t--t-t-+-+-

16, 000 1-t-+-+-r;-t-i-+-t--t--t-1-t-i-t-t--t-

14, 000 1-t-+-+-t-;-t-i-+-t1H--H--~-t--+-t-

FIG. 115.-Discharge of Kansas River at Lawrence, Kansas, 1897. 
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Apr.l2 

Apr.13 
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List of miscellaneous dischm·ge measm·enwnts, Kansas Basin. 

Stream. Locality. Meter I Gage ; Area of i Mean I Dis.o I 
numb_er. height. I section.! velocity .

1 

charge. 

1-----1--,--,--,---1--. 

Mill Race ... -I Superior, 
braska. 

Republican I McCook, 

River. ' braska. 

Ne-

Ne-

·1 Feetper Feet. Sq.jeet. second. Sec.-feet. 

Price ...... _.. 57 1. 03 59 
. I 

... do ......... ! 284 2.62 745 

Apr.14 Frenchman ·wauneta, Ne- .do.. 2.31 37 3. 43 128 

I River. braska. , 

May 19 r-----do -------,--.:do -----,--l ___ do -- 2.00 I 
.July 2 , ..... do ....... P.thsade, Ne- ... do .. 

1 

....... , 

41 1. 61 ' 65 

65 0. 95 63 

. braska. 

1 I Aug.l-4~~~-S_a_l_in_e_R_i_v_er_._-~· -R-u-ss_e_ll_,_l_{_a_n-~----55~------------~--37~--2---8~0 
1 

103 I L_ I sas. I _j 

ARK.ANS.AS B.ASIN. 

ARKANSAS RIVER. 

.Arkansas River is a typical stream of the arid region, having a 
mountainous catchment area and traversing a high plain area adapted 
to irrigation and through which the river decreases gradually in dis
charge until, during the low season, it finally disappears altogether in 
places. It is an interesting basin to study on account of the many 
hydrographic problems that are pre~5ented. The mountainous section 
may be said to extend from the upper limit ·r~t Tennessee Pass down to 
the city of Canyon, where the I'iver emerges from its canyon to enter 
upon the plains. The area· drained above this point is 3,060 square 
miles. This section is in reality a long narrow valley located in the 
central .part of Colorado, surrounded by high mountains rising from 
12,000 to 14,000 feet in elevation. The river itself makes a descent from 
10,000 feet at Leadville to 5,300 feet at Canyon in 120 miles. Its char
acter in this division of its course is torrential. Farther eastward this 
grade is gradually lessened until finally the river wanders back a.nd 
forth in long, sinuous curves. Little irrigation is practiced above 
Canyon, but at the mouth of the canyon several canals are taken out, 
and at short intervals down tile river through Colorado other canals 
divert the flowing water. On account of the shortage of water in the 
river when it is most needed, recourse must be had in the near future to 
artificial storage. The mountainous drainage area offers many facilities 
for this purpose, a number of excellent reservoir sites having been found 
and reported by the topographers and engineers of the Geological 
Survey. On the upper tributaries of Arkansas River above Leadville a 
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number of fine sites were found, but their development will not be nec
essary on account of the superior site at Twin Lakes. This reservoir 
site was surveyed in 1889, and the results were published in the Thir
teenth Annual Report of the United States Geological Survey, Part III, 
p. 365. The elevation of the surface of the lower lake is 9,194 feet 
and of the upper lake 9,200 feet. The levels of the lakes do not vary 
more than 2 feet during the year. A dam placed at the lower outlet at 
a maximum height of 73 feet would impound 103,500 acre-feet. The 
drainage area is 102 square miles. The flow into the reservoir could be 
supplemented by a short canal, not more than 4 miles long, diverting 
water from Arkansas River at what is known as Hayden stat.ion, 6 miles 
above Granite; the area drained above this point is 285 .square miles. 
Within the last year or so private parties have been considering this 
proposition. 

The plains region east of the mountains is a large artesian basin, 
very thoroughly described by Mr. G. K. Gilbert.1 The source of water 
supply is in a series of beds of Dakota sandstone, often separated by 
thin beds of shale, which underlie the region. The collecting area is 
where these sandstones appear at the surface or are covered by super
ficial sands. This area is in two portions. First, a line of hogbacks 
which are in a general parallel direction to the Rocky Mountains and 
extend from about Colorado Springs down to the canyon of Turkey 
Creek, thence eastward through Glendale to a point a little northeast 
of Canyon, where the ridge bends to the southeast, continues down 
nearly to Beulah, and from there to the Three R ranch. The second 
collecting area consists of a number of detached areas of Dakota sand
stone in the outlying plain. The line of ridges known as the hogbacks 
are separated from the main ridge of the Hockies by a series of narrow 
valleys, sufficient, however, to cut off from the Dakota sandstone the 
drainage from the mountains, so that the rainfall on the area is the 
only water that these beds receive. The number of artesian wells sunk 
shows the existence of such a basin. Eastward from the source of 
supply these wells increase in depth. The contour of 1,000 feet depth 
is in the southwestern end of the city of Pueblo, and extends thence 
northeasterly. In the opposite d:rection the line continues southerly 
from Pueblo until it reaches St. Charles River, and then bears more 
to the southeast. Iu the Pueblo folio, above referred to, one of the 
sheets shows by shaded sections areas that will yield flowing wells, 
areas that will probably yield pumping wells, areas that will probably 
not yield water freely, and areas not containing artesian water. On 
the same map is shown by contour liues the depth from the surface down 
to water. 

A number of gaging stations have been maintained on the river; 
the longest record is that at Canyon, dating from 1889. The upper 

I Underground waters of the Arkansas Valley in eastern Colorado, by G.K. Gilbert: Sevent~enth 
Ann. Rept. U.S. Geol. Survey, Part II, 1896, p. 551. Geologic .Atlas U.S., folio 36, Pueblo, Colo., J897. 
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station at which measurements were made during the last year was at 
Granite, immediately below the outlet of Twin Lakes. Observations 
of gage heights at this point, as well as at Salida, were maintained by 
the Denver aud Rio Grande Railway Company at the request of this 
office. Canyon station is an important one, as it is located at the 
mouth of the canyon above most of the canals. In fact, only two canals 
are takeu out above the station, and as they a,re easily accessible they 
can be measured whenever the station is visited. For the field work 
in 1897 at the stations Granite, Salida, and Canyon, reference may be 
made to Water-Supply aud Irrigation Paper No. 16, pp. 117-119. 

The next lower gaging station is located in the city of Pueblo,.and 
results show the· amount of water available for the canals below. A 
description of this station, list of discharge measurements, and table 
of gage heights are found in vVater-Supply and Irrigation PaperNo. 16, 
p.120. 

A s-hort record was kept of the height of the dver at Nepesta and at 
Rocky Ford. At the ·former station the record is from September 19 
to October 16. A rating table has been made from the discharge meas
urements and published. Owing to the shortness of the gage record, 
the monthly averages are omitted. The station is. described in Water
Supply and Irrigation Paper No. 16, p. 121. 

At Rocky Ford the only discharge measurement was on September 
29: gage height, 0.37 foot; discharge, 140 second-feet. The station is 
described in Water-Supply and Irrigation Paper No. 16, p. 122. 

Rating table for A1·kansas R·ivm· at Grwnite, Colorado, for 1897. 

Ga!te 
heig t. Discharge. Ga!te 

heig t. Discharge. 

--- ----

I 
Feet. Second-feet. Feet. Second-feet. 

3.0 114 3.9 615 
3.1 154 4.0 683 
3.2 198 4.1 752 
3.3 244 4.2 820 
3.4 294 4.3 889 
3.5 350 4.4 957 
3.6 412 4.5 1,026 

lJi_ 478' 4.6 1,096 
546 4.7 1, 164 8 

19 GEOL, PT 4--23 

Ga!te 
heig t. Discharge. 

----
Feet. Second-feet. 

4.8 1,233 
4.9 1, 302 
5.0 1,370 
5.1 1, 438 
5.2 1, 507 
5.3 1,576 
5.4 1,645 
5.5 1,714 
5.6 1,783 

Gage 
Might. 

---
Feet. 

5.7 
5.8 
5.9 
6.0 
6. 1 

6.2 

Di 

-

Se cond-feet. 

1,852 
1, 920 
1,989 
2,058 
2,127 
2,196 
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E3timated monthly discharge of .Arkansas River at Granite, Colorado. 

[Drainage area, 425 square miles.] 

r- M~ili. Discharge in second-feet. Run-off. 

I Total in acre- Second-feet. Maxi- .Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

---
1897. 

May ... --- ..... -- ............. 2,058 268 1,109 68,190 3.01 2.61 
.June .............. _ 2,162 923 1,459 86,817 3.83 8.43 

July ....... ·-- ...... 1, 096 444 719 44,209 1.95 1. 69 
Augnst ............. 546 176 350 21,520 0.94 0.82 

September ......... 350 114 169 10,057 0.45 0.40 

'-----~ 
October ............ 114 114 114 7,009 0.31 0.27 

Novem her . . . . • . • • . • • •...•. t ....... a 115 6,843 0.30 0.27 
December . . . . . . . . . . . • . . . . . . . __ .. _ .. all5 7,071 0.31 0.27 

a Approximate. 

Rating table fm· .Arkansas River at Salida, Colo1·ado, for 1897. 

I 
Ga!!e Discharge. I Ga!he Discharge. Gafte Discharge. Gage _:och•'O"·I height. heig t. heig t. height. 

.l<'eet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet . Second-feet. 

0.6 275 1.4 620 2.4 1,420 3.4 2, 270 
0.7 300 1.6 750 2.6 1,590 3.6 2,440 
0.8 325 1.8 910 2.8 1,760 3.8 2,610 
0.9 360 2.0 1, 080 3.0 1,930 4.0 2,780 

I 
1.0 400 2.2 1,250 3.2 2,100 4.2 2,950 

I 1.2 500 
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Estimated monthly discharge of Arkansas River at Salida, Colorado. 
[Drainage area, 1,160 square mileR.] 

Dischar~re in second-feet. 

Maxi
mum. 

Mini
mum. Mean. 

Total in acre
feet .. 

Run-off. 

Second
Depth in feet per 
inches. square 

mile. 

----------------- ---- ------1----1-----J 

1897. 
May . . . • . . . . . . . . . • • 2, 907 500 1, 646 101, 210 I. 64 1. 42 
June .......•....... 2,865 I,I65 I,839 I09,430 I.77 I.59 
July . . . . .. . . .. . ... . I, 462 530 985 60,565 0. 98 0. 85 
August............. 715 400 518 3I, 850 0. 52 0. 45 I 
September . . . . . . . . . 425 360 397 23, 625 0. 38 0. 34 ' 

I Octo~~ .. '-~-;-~~-~-~_:~-~-~-~:_:_ ______ · ~-~-~ ·_.:.__· ·_·_· 2_. ~_~__:---a 2-3~_~_._ __ ~ ~_:_~~-~~-~-: _~:~ ~: ~; r ... m~er...... . . . . . . . . . . . . . . . . . . . . a300 18, 446 0. 30 ~; 

a.Approximate. 

~~A-~. 

Sec.-ft 
5,000 

4,000 

3,000 

2,000 

1, 000 

0 

6,000 

5, 000 

4,000 

3,000 

2,000 

1,000 

0 
a Approximate. 

Fm. 116.-Discharge of .Arkansas River at Granite ~d Salida, Colorado, 1897. 

Rating table for Arkansas River at Canyon, Colorado, fm· 1897. 

Gage Ga~e Gage 
I 

Galte height. Discharge. heig t. Discharge. height. Discharge. I heig t. Discharge. 

--- ----.------

. :Feet. Second-feet. Feet . Second-feet. Feet. Second-jf!et. Feet. SeconcJ:-jeet. 
2.0 2IO 3.0 620 4.0 I, 628 5.0 2, 768 
2.2 265 3.2 790 4.2 I, 856 5.2 2, 996 

LB_ 
335 3.4 980 4.4 2,084 5.4 3, 224 

I 
6 410 3.6 I,I80 4.6 2,312 5.6 3,452 
8 500 3.8 1, 400 I 4.8 2,540 

I I 
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Estimated 1nonthly discharge of Arkansas Rivet· at Canyon, Colomdo. 

[Drainage area, 3,060 square miles.] 

Dischar

1

: ge in seco~~dfeet : '£otal m ac" Run :~-nd---~ 
feet. Maxi- I Mini- Mean. Depth in feet per 

- ------ ----~-mum. ~-~u:_ ------ --i-n-ch_e_s._ Th~~~e 

J anuar~97 .. . • . . • .. • • ....... : ........ I a 380 23, 365 

::\fonth. 

February ... _ . _ _ _ _ _ _ .. ___ -\- __ .. _ .. I a 380 I 21, 105 

March . . . . • . . . . . . . . . ...... -1· ...... -I a 380 1 23, 365 
1 ApriL_ ... ____ . ____ .

1 
• 530 1 230 ! 320 19,041 

0.14 0.12 

0.12 0.12 

0.14 0.12 

0.11 0.10 

May--------------· 3,~81 500 1,74-1 107,050 0.66 0.57 

JJuunlye -. -_ -_ -_ -_ -_._· -. -_ -. -_ -_ -_ -__ · j; 3, 395 j 1, 628 2, 464 1 146, 618 
1, 799 I 500 1, 115 I 68, 560 

August . . . . . . . . • • • . 1, 180 i 335 553 34, 002 

0.90 0.81 

0.41 0.36 

0.21 0. 18 

Septeru ber ......... ' 410 ~35 366 21, 778 
October . _ ••.... ___ . 620 ~ 370 4 71 28, 960 

o.13 I 0.12 

0.17 0.15 
N ovem her. ____ . _ _ _ _ 620 370 519 30, 883 . 0.19 0.17 
December ..... ____ ., . __ • __ . _ . ____ . • . a 400 24, 595 0.15 0.13 I 

i I - ____ t ____ ------~ 

The year ... __ ! _______ •• __ • ___ •• 

. I 
757 54-9,322 I 3.33 ~ 

I Gage I height. 

I 

Feet. 

0.0 

0.1 

0.2 

0.3 

0.4 
I 
1 0.5 

~ 

a Approximate. 

Rating table fm· .Arkansas River at Pueblo, Colorado, for 1897. 

I Disch~g= \ h~i~'£'~ Jmch.,ge ! Gage I Diech,..ge. Gaft_e Dhwh,..ge.l height. heig t. 

I S=nd-f,.t.l ~ ~u0nd-fut. i -----
Feet. i Second-feet. Feet. Seeondjeet. : 

- 146 0.7 580· II 1.8 I 1, 506 3.2 3,330 ! : 
180 0.8 654 

i 
2.0 

i 
1,728 3.4 3, 610 I 

I 

230 0.9 730 ·2. 2 1,970 3.6 3,890 

295 1.0 806 I 2.4 1 12,218 3.8 4,170 

365 1.2 964 2.6 ! 2,490 

436 1.4, 1,126 2.8 
I 

2,770 i I I i 508 1.6 1,309 3.0 3,050 I 
I I ! I I I 
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Estintated monthly 'discha1·ge of Arkansas River at Pueblo; Colorado. 

[Drainage area, 4,,600 square miles.] 

I Month 

Discharge in secoml-feet. 
I Run-off. 

I Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

------
1897. 

January ......... :: .. 544 230 328 20,168 0.08 (1. 07 
February ........... 544 202 '33.5 18,605 0.07 0.07 
March ............. 365 146 213 1?, 096 0.06 0.05 

April .... ------ .... 616 146 241 14,341 0.06 0.05 

May-·------------- 3,470 580 1,674 102,930 0.41 0.36 
June ............... 3,750 1, 216 2,213 131,683 0.54 0.48 
July ............... 1, 848 t172 1,041 64,010 0.26 0.23 
August ............. 1,170 180 4-67 28,715 0.12 0.10 
September ......... 436 146 272 16, 185 0.07 0.06 
October ............ 580 230 413 25,395 0.10 0.09 

November .... ------ 580 365 4-84 28,800 0.12 0.10 I December .... ·----.· 436 230 356 21,890 0.09 

-iiU 'fhe year ..... 3, 750 146 670 485,818 1. 98 0.14 

.~A_~ 
se<: .. ft. 
5, !)00 

4, 000 

3, 000 

2, 000 

1, 000 

6, 1\1\1\ 

5, 1\1\1\ 

4, 1\nl\ • 

3, nnn 
v 

2, nn 

1, ""' vv• 

FIG.ll7.-Discharge of Arkansas River at Canyon and Pueblo, Colorado, 1897. 
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Rating table jo1· Arkansas River at Nepesta, Colorado, for 1897. 

' I 

Gafte Discharge. Gaf!e D" h 'j Ga~!e , 
heig t. height. Jsc arge. height. 

-r--

I 
Feet. Second-feet. Feet. Second-feet. Feet. 

1. 5 20 1.8 102 2.1 

Diaeha<ge.~-~';i;,'i:\. Dioohar ... l 
Second-feet. Feet. Second;/eet. 

2oo 2. 3 266 I 

I 

1.6 40 1.9 134: 2.2 
1.7 69 2.0 167 __ 2_3_3 ____ 2_._4: __ -~· 

PURGATORY RIVER. 

Trinidad gaging station is located on Purgatory River, a tributary of 
Arkansas River, which enters at Las Animas. This station is described 
in Water-Supply and Irrigation Paper No. 16, p. 123. A station is 
maintained on . the lower Arkansas River at Hutchinson, Kansas, 
described in Water-Supply and Irrigation Paper No. 16, p. 124. 

Rating table j01· Pu1·gatory .River at Trinidad, Colorado. 

[~ Discharge. Discharge. 

Gap;e 

1 

he1g t. 1896- 1896- height. 1896- 1896-
Ma.y1 to July 24 to 1897. May 1 to July 24to 1897. 
July 23. Nov.30. July 23. Nov.30. 

I ___ 

I Feet. Sec.-feet. Second-feet. 
~e~~~~~:~t~ 

1 

Feet. Sec.-feet. Second·feet. Seeondfeet. 

2.7 0 ...... -........ -- ... 3.9 780 189 189 
2.8 15 ...... - .. - ... -- .. - . --- ... - ... -- 4:.0 ------·-- 273 273 
2.9 30 ......................... ... --- . ----- 4.1 ... -- ......... - ...... 386 386 
3.0 45 . ... --- ... --- .. .. - ... -. ---- .. 4.2 ... ................. 554 t554 
3.1 60 ..... -- ...... -- ...... . ---- ... -- ... - 4.3 . ... -..... ---- 799 799 
3.2 75 . ---- ...... --- ---- . ----- 4.4: --------- 1,044: 1,044 
3.3 95 . ----- ...... -. 10 4.5 -- ........ --. 1,289 1,289 
3.4 130 . ---- ....... 15 4.6 --------- -.. - ..... --- 1,534: 
3.5 200 0 30 4.7 . --. -.-.- .. -........... --- 1, 779 
3.6 300 25 54 4.8 -- ... -.... - .... -. ---. 2,023 
3.7 420 60 85 5.0 --------· 2,513 

~··=J 3.8 600 120 127 
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Estimated monthly discharge of Purgatory River at Trinidad, Colorado. 

[Drainage area, 742 square miles.) 

Discharge in second-feet. Run-oft". 

Month. Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mnm. mum. Mean. inches. square 

mile. 

---
1896. 

May ............. ··-- ---- 113 45 67 4,120 0.10 0.09 
June ..... · .......... 780 0 60 3,570 0.09 0.08 
July--------------- 4,600 8 342 21,029 0.53 0.46 
August ........••••. 1, 657 0 76 4,673 0.12 0.10 
SepteDQber ----· .••. 554 0 73 4,344 0.11 0.10 
October . • • • • . . .•••. 189 18 71 4,366 0.12 0.10 
N oveDQ ber ......•... 60 25 35 2,083 0.06 0.05 
DeceDQ ber ...... - •... -- ... --.. -- --- ...... -- a.40 2,460 0.06 0.05 

------1897. 
January .•..•..••••. - .. -... ---. -.- ...... -... a40 2,459 0.06 0.05 
February .. -...... -. -- ..... . --- ..... -. - .. -.. -- ..... a 50 2,777 0.07 0.07 
March ................ -----· ........... ---- .................. a 50 3,074 0.08 0.07 
April .......... ·--- ........ 327 68 165 9,818 0.24 0.22 

May··------------- 1, 412 327 731 44,947 1.14 0.99 
June ............... 1,534 189 403 23,980 0.60 0.54 
July ............... 1,657 30 250 15,372 0.39 0.34 
August ............. 2,023 10 282 17,339 0.44 0.38 
September .....•... 386 30 97 5,772 0.14 0.13 
October ............ 104 54 60 3,689 0.09 0.08 
N oveDQber .... , ...•.. G4 30 42 2,499 0.07 0.06 I December ____ . __ ... .................. -------· a35 2,152 0.06 

'-3 The year ..... 184 133,878 3.38 0.25 
i 

a Approximate. 
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Sec . -ft. 

6, 000 

5, 500 

5, 000 

4, 500 

4, 000 

3, 500 

3, 000 

2, 500 

2, 000 

1, 500 

1, 000 

500 

0 

2, 000 

' 1, 500 

1, 000 

~1\1\ 
v •v 

n. 

Gage 
height. 

Feet. 

I 

L 

Flu. 118.-Discharge of Purgatory RiTer at Trinidad, Colorado, 1896 and 1897. 

ARKANSAS RIVER IN KANSAS. 

Rati1tg table jo1· Arkansas River at Hntchi11son, Kansas, Jm· 1897. 

m"•"•"·l Ga~ 
heig t. Discharge. Gage 

height. 

Second-f~et.l Feet. Second-feet. Feet. 

1.5 52 1.9 

n;ocha.ge.l Ga(J'e 
heigbt. 

Second-feet. Feet. 

177 2.3 

I 

D ischarge. 

Se cond-feet.l 

505 11.1 

Lil 
11 I 1.6 
22 i 1.7 

4 35 1.8 

73 2.0 
~ 

103 2.1 
136 2.2 

225 2.4 
300 2.5 
390 

I 

700 
1,000 
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Estimated monthly discharge of Arkansas Riner at f!ntchin6on, Kansas. 

lDrainage area, 34,000 square miles.] 

I Discharge in second-feet. 
i 

Month. 
I 

M=i-~ Mini- Mean. mum. mum. 

------
1897. 

201 I January ............ 73 130 
February ....................... 2,270 73 506 

March . ------------ 505 103 221 
ApriL .. __ ..... _. __ . 390 103 235 

May.··------------ 700 73 244 
I June .... _ .......... 505 62 280 

July----_·--------- 201 4 51 
August .... __ ....... 1,400 0 294 
September .......... 225 4 60 
October ... __ ... ___ . 43 0 15 

November------ .... 35 11 19 

I December .......... 103 35 . 44 
- -- ------

The year ..... 2, 210 I 0 175 
I 

~A-it ~E. 0 IM.~R' b" ~ ~~~L ~~0 .J~N~ ~~~~ 

.-ft. Sec 
3, 000 

2, 500 

. 2, 000 

1, 500 

""· vvv 1, 

500 

0 al~ 
~ 

j~ .. ~ .. .. 

Rung 
--

Total in acre- Second-
feet. Depth in feet per 

inches. square 
mile. 

7,994 0.004 0.004 
28,085 0.016 0.015 
13,607 0.008 0.006 
14,001 0.008 0. 007 
14,978 0.008 0.007 
16,661 0.009 0.008 

3, 160 0.002 0.002 
18:078 0.010 0.009 
3,594 0.002 0.002 I 

910 0.001 0.000 I 

1,154 0.001 0.001 
2,723 0.001 ~1 __ , 

124,945 0.070 0.005 I 

-

~ou-~ -~g~ ~C_T0 N
0

0_11
0 ~E2~· 

.... 1..& 

FIG. 119.-Discharge of Arkansas River at Hutchinson, Kansas, 1897. 

NEOSHO RIVER. 

Neosho River drains a long, narrow strip in southeastern Kansas, 
extending down into Indian Territory. The upper part of the basin 
bas a general east and west direction, draining an area immediately 
north of the tributaries of Verdigris River and south of Kansas River. 
The general direction of the basin bends gradually southward between 
Emporia and lola; that direction is maintained the rest of the course. 
The.mouths of Neosho and Verdigris rivers, where they empty into the 
Arkansas in Indian Territory, are only about half a mile apart. '.rhe 
gaging station is Jocated at lola and is described in Water-Supply 
and Irrigation Paper No. 16, p. 126. 
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Rating table for Neosh• River at Iola, Kansas, for 1897. 

Ga~e Discharge. Ga~ Discharg.._ Ga~ Discharge., Ga~e Dloohorg~~ heig t. heig t. heig t. heig t. 
I 
I 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Sec·md-feet. 

I.8 I 3.4 745 5.2 2,800 11.0 17,350 
I.9 25 3.6 920 ~,4 3,100 I2.0 20,450 
2.0 50 3.8 I, 115 5.~ 3,400 13.0 23,550 
2.2 I05 4.0 1, 330 5.8 3,710 I4.0 26,650 
2.4 I70 4.2 I,565 6.0 4,I50 I5.0 29,750 
2.6 245 4.4 I,715 7.0 ·6,200 I6.0 32,850 
2.8 340 4.6 I,980 8.0 8,500 I7.0 35,950 

l£ 455 4.8 2,250 9.0 11,200 I8.0 39,050 
590 ,. 5.0 2,520 10.0 14,250 19.0 42,I50 2 

Estimated monthly discharge of Neosho River at Iola, Kansas. 

[Drainage area, 3,670 square milee.] 

I 
Discharge in second-feet. Rnn-olf. ~ 

I Total in acre-Month. 
1·Mean. 

feet. Second-
Maxi- Mini- Depth in feet per 
mum. mum. inches. square 

mile. 

I897. 
January ........... 920 I05 53 I 32,650 O.I67 o:I45 
February ...... __ ... 3,970 395 1,689 93,802 0.479 0.460 
March ............. 4,840 340 960 59,030 0.302 0.262 
April .............. 2,I83 395 894 53,I97 0.272 0.244 
May ·--- ··----- ---- 665 I70 379 23,305 0.119 O.I03 
June ............... I,445 75 363 21,600 0.110 0.099 
July •.............. 422 87 163 I0,023 0.051 0.044 
August ............. 87 50 72 4,427 0.023 0.020 
September ......... 62 I 9 536 0.002 0.002 
October ............ I 0 I 62 0.000 0.000 
November .......... I 1 I 60 0.000 0.000 

I December .......... ___ I ____ I_ 1 62 0.000 

§j 1-

The year..... 4, 840 0 422 298,754 1. 525 
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~~A-~ ~E~o i•,' ·~~" ~~~~ ~~~o ~u·~~ "~~~ i~.,~~ 1:~ ~o "o0 vo .~t2~ 
, .. 

Sec.-ft. 
6, 000 t-+-+--+-ll-+-t-t-+-+-+--lf-+-+-+-lf-+-+-t-+-+-+--li---+-+-+---J--I--+-1-+-+-+-I--+--+-I 

5, 000 l-+-+-+-11--4--+-~~4--l'-I--+-+--IH--+-1--1--+-4--l-+~+---J--I--+-I-+~+-f--+-~ 

4, 000 t-+-t--trl~+t-t-+-+-+-1-+-t-t-1-t-+-11-+-t-+-l-t--+-+--t-t--+-l-+-t-+--t-t-+-l 

3, 000 t-+-t-+H-tt-+t-t-+-+-+-l-+-t-t-1-t-+-11-+-t-+-l-t--+-+--t-+--+-I-+-I-+--J-+-+-I 

2. 000 1-"+--+---lf-1-

1,0: il!iM ._ .... ..&..I~ .... I ......... J...I..~I-I...J...U..J....J...J...L..LJ 
FIG.l20.-Discharge of Neosho River at lola, Kansas, 1897. 

VERDIGRIS RIVER. 

The following description of the basin of Verdigris River has been 
compiled from data furnished by Prof. E. C. Murphy. 

The Verdigris River, as shown in fig. 121, rises in the southeastern 
corner of Chase County, Kansas, and flows in a southerly direction 

. through Kansas and part of Indian Territory, emptying into Arkansas 
River. Its length, as found by measurement on the best available maps, 
is 290 miles. It falls from an elevation of 1,400 feet at its head to 700 
feet at a point about 11 miles north of the Kansas and Indian Territory 
liue, in a distance of 141 miles. From here to the mouth, a distance of 
148 miles, it falls about 100 feet. Throughout its length the river flows 
in a well-defined channel, and the banks arc from 20 to 40 feet high. 
The width at the ordinary stage of water at the State line is 140 feet 
and at the mouth 250 feet. It is essentially a surface run-off stream; 
its water is muddy, the flood flow large, the summer flow small, and 
the fluctuations in height rapid. 

The principal tributaries of Verdigris River are Fall R.iver, Eik 
River_, Caney River, and Bird Creek. These all enter the river from 
the west and take a southeasterly direction. The first three rise in ·the 
Flint Hills, Butler County, Kansas, and the last in Indian Territory. 
Caney River, the largest of the four, drains an area of 2,440 square 
miles, has a length of 140 miles, and falls from an elevation of 1,500 
feet at its head to 750 feet near the State line, a distance of 48 miles. 
Fall River is 96 miles long and has a fall from 1,500 feet to 750 feet in 
43 miles. It drains an area of 875 square miles. Its water is less 
muddy and its flow more steady than that of Verdigris River. The 
width near the mouth at ordinary low w~ter is 75 feet. Elk River 
drains an area of 687 square miles. Its length is 70 miles, and its width 
near the mouth at ordinary low water is 75 feet. It falls from 1,500 
feet to 750 feet in 43 miles. It is less steady in its discharge than Fall 
River, resembling the main stream in this respect. Bird Creek has a 
length of 85 miles and drains an area of 1,340 square miles. 

The watershed of the. Verdigris has an area of 8,610 square miles. 
Its total length is 180 miles, an~ its greatest width 72 miles. The 
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Flint Hills,c in the highest (the northwestern) part of its boundary, 
have an elevation of something over 1,600 feet. The northern bound
ary varies in height from 1,200 to 1,400 feet. The eastern boundary 
falls from 1,400 to 650 feet,~ and the western from 1,600 to 650 feet, 
decreasing toward the south. The upper part is comparatively rough, 

:Fw.l21.-Map of drainage basin of Verdigris River. 

the general fall toward the riv~r is 25 feet to the ruile, and the laud 
is used for grazing purposes. The rest of the basin contains some 
of the best farming land in the Mississippi Valley. In some partR the 
general surface is broken by mounds having an elevation of 100 to 
250 feet above the general level. Such is Table 1\'Iound, 6 miles north-
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west of Independence, and the mounds near Fredonia and Cherryvale, 
in Kansas, and near Sageeyah, Indian Territory. 

The following table gives the distance in miles between 50-foot con
tours along Verdigris, Fall, and Elk rivers: 

Vista11ce betweeen 50-foot cont0lt1'8 along Verdigris, Fall, a11cl Elk ri1;e1·s. 

I v d. · , I Ele\·ation. er lgi'lS 
:Fall River. Elk .J:tiver. i River. 

I I 

Feet. Miles. Miles. Miles. 

1, 300 to 1, 250 3 2 1 

1, 250 to 1, 21)0 2 2 2 

1, 200 to 1, 150 7 3 2 

1, 150 to 1: 100 4 3 4 

1, 100 to 1, 050 3 3 3 

1, 050 to 1, 000 7 6 3 

1, 000 to 950 6 13 4 

950 to 900 12 22 6 

900 to 850 30 19 6 

850 to 800 32 16 16 

800 to 750 8 ---------- 12 

~to 700 26 ·········l··········i to 600 148 ! ........ -- --·-······ 

I --~' 

Fall River is subject to more rapid rise than the Verdigris. J\ir. F. 
E. Morgan, a miller living near Fall River, reports that on one evening 
in September, 1895, probably September 8, there was scarcely enough 
water to run his mill. Early in the morning he was awakened by the 
noise of the water and found that the river had risen 20 feet in :five or 
six hours. During the same flood the river at Neodesha was 25 feet 
higher than when the measurement on July 22 was made (seep. 369). 
A dam on this river, near Fredonia, Kansas, is shown in Pl. XXXVII, 
B. Elk River is also subject to sudden and extreme fluctuation in 
height. 

The mean annua-l rainfall over this area varies along the eastern 
border from 3u inches in the northern part to about 44 inches in the 
middle, in Montgomery County, Kansas, and then decreases to 36 
inches at the southern end. Along the western border it is about 33 
inches. The greatest variation is in the central part, where there is a 
decrease from 44 inches on the eastern border to 33 inches on the west
ern. The monthly rainfall at six places in or near this watershed since 
August, 1895, when a gaging station on the river was established, is 
given in the following table. The greatest monthly precipitation is 
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seen to be 12.5 inehes, at Emporia in August, 1895; the least monthly 
precipitation, o, at Tulsa, in August, 1896, and September, 1897: 

r-; ear. 
I 

1 

1 

895 .. 
896 .. 

897--L 

I ~ 
L 

895 .. 
896 .. 
897 .. 

I 1895 .. 

I 1896 .. 

I 
1897 .. 

1895 .. 
1896 .. 

r 

1897--

1895 .. 
1896 .. 
1897 .. 

1895 .. 
18!:16 .. 
1897 .. 

Monthly rainfall on watershed of Verdigris Ri1'm·, in inches . 

.A.T EMPORIA., KANSAS. 

Jan. Feb. Mar. .Apr. May. June. .July . A.ug. Sept .. 

-- ------ ---- ------

.............. ............ -.. -- - ---- .. -- .. - .. -- ...... 2.60 12.4-5 8.25 
0.30 0.4:0 0.65 6.05 6.20 3. 20 3.75 3.50 1. 90 
1.25 1.70 1. 15 3.10 1.50 3.00 0.70 3.50 2.50 

A.T GRENOLA., K.A.NSA.S. 

.. -.. -.. ---- .. --- ..... ----- .. ......... 4.20 5.85 1.60 
0.35 T. 0.90 1. 65 1.75 5.30 5.50 0.10 3.10 
0.95 0.90 3.53 5.77 1.56 2.98 4.62 3.30 1.09 

I 

AT INDEPENDENCE. KANSAS. 

........... ........... ........... ----- --- ..... ... ......... 3.51 5.53 6.04 
0.43 0.57 1.84 2.41 7.20 3.46 6.47 0.57 3.47 
2.46 1. 31 3.44 3.79 1. 23 3.97 7.03 3.52 0.89 

AT TORONTO, KANSAS. 

........... ----- ---- - ... ........... ............. .. -..... 1. 86 7.19 7.76 
0.57 0.51 1.04 2.55 8.05 2.21 5.71 1. 56 3.96 
1.51 1. 06 2.69 4.06 1.31 3.38 3.17 3.01 1.90 

AT SEDAN, KANSAS. 

-- ...... - ... -...... ............ -----1----- ... ...... 6.15 5.33 1. 651 

0.54 0.25 1.55 1. 9815.51 5.84 4.54 0.72 3.481 

2.10 1. 07 4.07 5.15 1. 84 3. 79 4.06 3.43 1.521 

AT TULSA, INDI.A.N TERRITORY. 

-~~~!-~:~ ----·I· --. -I---. )1o.aol 
I -- ...... 2.20 1. 901 

0.50 1. 60 5. 901 4.101 0. 60 0.00 1.501 
0.97 4.24 0.00 2. 401 6. 70 5. 60 0. 801 2. 20 3. 72 

I I 

Oct. 

--

0. 15 
3.55 
1.80 

0.30 
4.45 
1.42 

0.29 
4.35 
0.99 

0.32 
4.17 
1.15 

0.41 
3.67 
1.97 

1. 60 
4.60 
1.22 

Nov. De:l 

----' 
2.-65 4.25 

1.5!) 0.04 
T. 0.75 

I 

1. 70 3.3 
2.25 0.3 
0.21 1.1 

2. 34Js. 2 
1. 351 0. 6 
0. 66 1. 5 

2.56 ~ 3.6 
1.71 0.6 

0. 35,1. 0 
----

- i 
0 I 

~ 

2. 861 5. 41 

~.121 0.68 
0.19 0.9~ 

I 
5. 801 7. 9 
2. 50 0. 9 

I 
1. 2911:0 

~ 
0 I 
8 I 

The rainfall on the watershed above the gaging station is shown in 
the accompanying table. It represents the mean of the rainfall at 
Toronto, Grenola, and Independence. The greatest mean monthly rain
fall for this part of the watershed was 6.19 inches, in August, 1895; 
the least, .30 inch, in October, 1895. 
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A. POINT OF MEASUREMENT ON VERDIGR IS RIVE R NE AR LIBERTY, KANSAS. 

B. DAM ON FALL RIVER NEAR FREDONIA , KANSAS. 
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A1:erage rainfall and run-off on drainage basin of Verdigris Rivet'. 

MEAN RAINFALL, IN INCHEf:5, AT TORONTO, GRENOLA, AND INDEPENDENCE. 

ly ear. 

1 

1 

895 .. 
896 .. 
897 .. 
~ 

I 
Jan. 

--

-----
0.45 
1. 64 

Feb. Mar. I Apr. 

----
----· ... -- ...... ............ 

0.36 1. 26 2.20 
1. 09 3.22 4.54 

May. June. July. Aug. Sept. Oct. Nov. 

----
........... ----· 3.19 6.19 5.13 0.30 2.20 
5.67 3.66 5.89 0.74 3.51 4.32 1.77 

~-33 3.44 4.98 3.28 1.29 1.19 0:-41 

RUN-OFF, IN INCHES, ABOVE THE GAGING STATION. 

895·-1----- --- .. - ... -.. - .. --- ... --·-·1·---- ----- 0.29 2.15 0.03 0.03 

896 .. ,0. 25 0. 15 0. 09 0. 24 1. 5610. 79 0. 63 0.02 0.03 0.22 0.36 
897-- 0. 3~ 0. 53 f· 81 .l.. 02 0. 47 0. 19 10. 15 0.01 0.01 0 0 

I 

RATIO OF RUN-OFF TO RAINFALL, IN PER CENT. 

1895-- -- -- - ---. . -- . - . -- -. . -.. - . ! . . . . . . . --. 5 42 10 1 
1896.. 56 42 7 11 281. 22 _10 3 1 5 20 
1897.. 20 50 25 22 35 6 3 t t 0 0 

~ean 38 46 16 17 ---;-~-U 6 3 14 5 7 

Dee. I 
--

5.07 
0.54: 
1.24 

1.5 ;l 
~ I 

0.1 

I 

31 
32 
0 

The_place at which systematic measurements of discharge of Verdi
gris Riyer have been made is McTaggart's mill, shown on Pl. XXXVII, 
A, about 6 miles southeast of Independence and 3.5 miles southwest of 
Liberty. The locality is more particularly described in Water-Supply 
and Irrigation Paper No. 16, on page 125, where is given also the 
record of daily heights during 1897 and a partial list of discharge 
measurements. 

The accompanying list gives the results of discharge measurements 
in 1895, 1896, and 1897. There have also been added the results of 
measurements on Elk and Fall rivers. The measurement of the latter 
stream near Sageeyah was at a point about 50 miles south of Co:f:l"ey
ville. In the case of all these measurements the gage height given is 
that at the regular station near Liberty, Kansas. Comparing the two 
measurements, that on July 20, near Liberty, of 312 second-feet, and 
tha.t on July 22, near Sageeyah, 55 miles below by rail, where the dis
charge was 1,540 second-feet, an enormous increase in flow appears. 
This is due to the fact that on July 21 a rain covering the country 
below Liberty caused the river to rise until it was from. 2.5 to 3 feet 
higher than a few days before. The effect of this storm is also seen in 
the measurement of July 22 on Fall River. The discharge of Elk River 
is nearly three times that of Fall River, although the watershed of the 
latter is larger. It is difficult to find a time when the condition of the 
ground in all parts of the watershed, or even of two or more tributary 
watersheds, is such that the drainage per square mile is proportiona1 
to the mean annual rainfall. 
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During the period of two and a half years, siiJCe August 1, 1895, 
when the station was established, the highest gage reading was 35.5 
feet, on September 11, 1895, when the discharge was about 37,000 
second-feet. The lowest gage reading was 1.7 feet, in November, 18!17, 
when the discharge was about 5 second-feet. It is said that during 
the flood of May, 1895, the river was several feet ·higher than in Sep
tember, 1895. The .... river rises and falls rapidly. For example, from 
September 8-9, 1895, the river rose from 4.1 to 27 feet-nearly 23 feet 
in twenty-four hours. Again, l\iarch 4, 1897, it rose from 5 to 20 feet 
in twenty-four hours. The observer has reported a rate of rise of 1 
foot per hour. During the five months of 1895 the lowest gage reading 
was 2.2, and this stage of wat'er continued for sixteen consecutive 
days. During the year 1896 the lowest gage reading was 1. 7, or a 
discharge of 5 second-feet; this stage of water lasted for one week. 
For thirty-two days, duriug_ parts of August and September, the dis
charge was from 5 to 20 second-feet. During 1897 there were four 
months when the discharge was at no time more than 20 second-feet, 
and for one month it was only 2 or 3 second-feet .. At Sageeyah, in the 
flood of May, 1895, the water was 31.5 feet higher than when measure
ment No. 16 was made, or about 34 feet above ordinary stage of water. 

In the Eighteenth Annual Report, Part IV, p. 237, there is pub
lished a table of the estimated monthly discharge of Verdigris River 
at the gagiug station. The measurements during 1897 gave a more 
accurate rating curve than the one for the preceding year, and a new 
rating table was applied from the establishment of the station, August 
1, 1895, to December 31,1897; the estimated monthly discharge for this 
period is herewith published. The results for 1897 are considered 
more accurate than those for the previous year. 

List of miscellaneous discha1·gc mea.snrmnents. 

J Gag:- I ~re;:;-- ~ean I Dis-

1 

height. ' section. velocity. I charge. 

~------ -------1 
Feetper 1 

1895. I Feet. Sq.feet. second. I Sec.-feet. 

Aug. 2 , Yerdigris River .. 
1 

Liberty ... _. ___ -I 2. 4 130 0. 88 1 107 
Sept. 7 __ . _ . do _ _ _ _ _ _ _ _ _ _ _ ____ do _____ ... __ 1 3. 4 278 1. 59 1

1 

443 

Nov.15 :-----<10 ----------1-----do ·----····-: 2.7 188 1.16 218 
1896. I , 

Apr.15 ..... do ----------1-----«lo ----------1 3.4 250 1.47 i 

::; : ::::::: ::::::::::::::::~: ::::::::::~ ~~:~ ::::I ::~~ i ~;,:~: I 

l ~:~~.2! 1

:::::::: :::::::::: ::::-:: ::::::::::: !: ~ 132 i ::!: ; 1 

-~~-pt.26 .-----do-----· _________ clo ----------j 2.7 ~-50-~-~- ~ 

Date. Stream. Locality. 

368 
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~ 
1897. 

Apr. 2 
Apr. 3 
Apr. 30 
May 1 
June29 
July 20 
Do .... 

July 21 
July 22 
Sept. 8 
Nov.28 

Ga~e · 
heig t. 

Feet. 

1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
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List of miscellaneous dischm·ge meas~t?'mnents-Continued. 

Stream. Loe:ality. 
Ga.,.e Area of Mean Dis-

heig'bt. section. velocity. charge. 

---
Feet per 

Sec.-feet. Feet. Sq,jeet. second. 

Verdigris River .. Liberty ......... 6.6 691 3.70 2,558 

~ ~ ~ ~ ~ :: ~ ~ ~ ~ ~ ~ ~ ~ J ~ ~ ~ ~ ~ ~: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
5.9 584 3.43 2,003 

17.0 2,917 3.55 10,367 
..... do .......... ..... do .......... 7.4 851 3.97 3,384 
..... do .....•.... ..... do .......... 2.4 111 0.63 70 
. . . . . do ..... ~ .... ..... do ·----· ---- 3.0 205 1. 47 312 
Elk River ....... Independence ... 3.0 181 -- ... --.. -- 147 
Verdigris River __ Sageeyah _ ...... 3.0 1,835 0.84 1,540 
Fall Ri•er ............. Neodesha ....... 2.8 171 .. -... - ... - 51 
Verdigris River .. Independence ... 2.0 13 1. 09 

~ Fall River . ---- ... Fall River ... ~ .·. 1.6 ---- --- . 1.2 
I 

Rating table for Verdigris Rivm· at Liberty, Kansas. 

[This table is applicable from August 1,1895, to December 31, 1897.] 

Dischar~e. Ga"'e 
height. Discharge. Gage 

height. 

Second-feet. Feet. Second-feet. Feet. 

Discharge. Ga"'e 
height. 

Second-feet. Feet. 

Di "harg•·l 
cond-feet. 

-
Se 

0 3.0 256 5.0 1, 400 15.0 
2 3.2 351 6.0 2,160 16.0 I 

5 3.4 450 7.0 2,980 17.0 
9 3.6 553 8.0 3,800 18.0 

14 3.8 660 

I 
9.0 4,620 19.0 

20 4.0 770 10.0 5,440 20.0 
39 4.2 890 11.0 6,260 21.0 
68 4.4 1, 010 12.0 7,080 22.0 

~ 
110 4.6 1,136 
171 4.8 1,268 8 

13:0 7,900 
14.0 8, 720 

23.0 
24.0 

9, 540 
10,360 
11, 120 
12,150 
13,250 
14,470 
15,890 
17,370 
18,850 
20,330 

19 GEOL, P'l' 4--24 
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Estimated ·rnonthly discha1·ge of Verd.ig1·is Biver at Libe1'ty, Kansas, for 1895 and 1896. 

[Drainage area, 3,067 square miles.] 

I Discharge in second-feet. 

----··----------

Month. i 
Maxi- Mini-
mum. mum. Mean. 

------

/~~~~ ..... --.I 7,121 20 783 Au gus 
Septem 
Octob 
Novem 
Decem 

ber ......... ' 37, 000 87 5,985 
er ......... __ . 
ber ... __ . __ .. 

ber ···--· ----

1896. 
Janua ry- .......... 

ary . _ .... _ ~; ~ 

-~~~~~~~~~~:::! 
. -- .... - ...... -- ......... 
. -- ..... - .. --- -- .... 
. - .. --- .. - ..... -- ...... 

t .. --- .. ---- .. 
her ......... 

. Febru 
March 
April 
May. 
June. 
July. 
Angus 
Septem 
Octob 
No vern 

er ........ ___ . 
ber ..... ___ .. 
ber .... ----·· 

The year ..... · c 

155 
171 

28,000 

1,136 
770 
351 

3,882 
19,900 
16,62(1 
10,770 

210 
424 

8,720 
9,130 
1, 010 

---
19,900 

-

39 69 
39 82 
68 4,226 

450 661 
256 426 
171 242 
171 677 
171 4,181 
303 2,200 
138 1, 699 . ~ . ' 
14 46 
5 71 
9 600 

110 1, 017 
171 448 

---
5 1,022 

i 

Total in acre-
feet. 

-----

48, 144 
356,132 

4,243 
4,879 

259,847 

40,643 
24,503 
14,880 
40,285 

257,080 
130,909 
104,467 

2,828 
4,225 

36,893 
60, 516~ 
27,547 

744, 776 

,r:il ~£280 '""t"' ~H ~~Ric:- ~A~ ~~N~ J~~ ~ ,~u~ S I~ 

Sec.-ft 
12,000 

11,000 

10, 000 

9, 000 

8, 000 

7,000 

6,000 

5, 000 

4, 000 

3,000 

2, 000 

1,000 
N '} "':'- 'fT I'"' 

:..a. a. ~~ ... 

Rung 
Second-

Depth in feet per 
inches. square 

mile. 

---

0.294 0.255 
2.179 1.953 
0.025 0.022 
0.030 0.027 
1. 589 1.378 

0.249 0.216 I 
0.145 0.139 
0.091 0.079 
0.246 0.221 
1. 572 1. 363 
0.800 0.717 
0.639 0.554 
0.017 0.015 
0.026 0.023 
0.226 0.196 
0.369 0.331 

0.168 ,~ 0.146 I 
4. 548 0. 333 

~CTO N
0
o_v

0 1 ~EC 

.... 
FIG.122.-Discharge of Verdigris River at Liberty, Kansas, 1895. 

~ 
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-~A~· 
Sec .-ft 

12, n'" 

11, ""' 

10, nnn. 

9, 000 

8, 000 

7, 000 

6, ooo· 

5, 000 

4, 000 

3, 000 

2, 000 

T 1, oo:IIWi~ 
./ 

- l~ --& b 1 .. .... 
Fw.123.-Discharge of Verdigris River at Liberty, Kansas, 1896. 

Estimated rnonthly discharge of Verdigris Rit·er at Libm·ty, Kansas, for 1897. . . 

Discharge in second-feet. Run-off. 

Month. Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

---

1897. 
January ·---------· 1,616 351 887 54,540 0.333 0.289 

February ....... -- ..... -.. - 5,276 450 1,591 88,360 0.532 0.518 

March ............. 14,470 553 2,201 135,333 0.838 0.718 

April. .............. 1 26, 100 450 2,829 168,338 1.030 0.923 

May ·····. ----------1 8,105 256 i,260 77,474 0.474 0.411 

June ............... 4,005 52 505 30,050 0.184 0.165 

July ........... ---· 4,989 39 408 25,088 0.153 0.133 

August ......... -... 39 20 28 1, 722 0.011 0.009 

September ......... 20 20 20 1,190 0.008 0.007 

October ...... ---·-- 20 5 8 492 0.003 0.003 
November ........ _., 5 2 2 119 0.001 0.001 

December ......... -~--3_9_ 2 12 738 0.004 0. 004 

The year . . . . . 26, 100 2 8131 583,444 3.571 0.267 
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11, 000 H-t-t---t-t-+tt-hH-t-t--t--t--t-+-H-+-+-+-+-+-+-H4~-I-+-+-HH-~-I 

FIG. 124.-Discharge of Verdigris River at Liberty, Kansas, 1897. 

List of miscellanenus discharge measnrements, Arkansas Basin. 

Meter 
Area of I Moan Dis· Date. St.ream. Locality. num· section. velocity. charge. ber. 

1897. 
Feet per 

Sq.jeet. second. Sec.-feet. 

July 20 Elk River ... 3 miles north of In- 19 181 0.81 147 

dependence, Kan-

sas. 

July 21 Verdigris ___ 1-t miles north of 19 1,835 0.84 1,540 

Sageeyah, Indian 

Territory. 

July 22 Fall River. __ 1mile south of Neo- 19 171 0.29 51 

desha, Kansas. 

I 
Dec. 7 _____ do _____ - Fall River, Kansas ... .. .... 1 (a) (a) 

a Less than 1. 
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'95 '96 '97 '98 

FIG. 125.-Depth in inches of rainfall in and run-oft' from Verdib'Tis Basin from August, 1895, to 
December, 1897. Full line, rainfall; broken line, run-off. 

CURVE OF MEAN VELOCITY OF F~OW. 

One characteristic of the Verdigris at the gaging station, which early 
attracted attention, is that after the depth r~aches 7 or 8 feet the mean 
velocity of the water does not increase so rapidly as th~ depth. This 
was especially noted on April 30, 1897. The gage read 16 feet in the 
evening about 7 o'clock. The next morning, about 8 o'clock, when.the 
station was again visited, the gage read 7.4 feet and the surface velocity 
appeared to be greater than on the previous evening, when the water 
was 8.6 fee~ higher. The curve in the following figure (fig. 126) shows 
how the mean velocity varies with the height of gage reading. Gage 
readings are plotted as ordinates, and mean velocity in feet per second 
as abscissas. The mean velocity is found by dividing the discharge in 
second-feet by the area of the section. The mean velocity is seen to 
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increase rapidly as the height increases until 7i feet is reached, with 
a mean velocity of 4 feet per second; the velocity then remains con
stant to a gage reading of 20 feet. 

The curve of mean velocities for the gaging station on Neosho River, 
near lola, Kansas, is a nearly straight line, starting with a velocity of 
5 feet per second for a gage readii1g of 2. 7 feet, and having a velocity 
of about 11 feet per second for a gage reading of 1G.7 feet. The curve 

..... 
Cl) 

b.O 

20~------~------~--------~------~ 

15~-------+--------4---------~-------tt-

: ro~-----------4------------~------------+------------it--
o ..., 
fn 
'a) 

~ 

0 3 + 
Velocity in fee:; per second. 

FIG.l::!6.-Variation of mean Yelocity with height of water on gage, on Verdigris River, at 
Liberty, Kansas. 

of mean velocities of Kansas River at Lawrence is also a nearly straigbt 
line, starting with zero velocity for zero gage reading and having a 
velocity of "7 feet for gage reading of 9 feet. 

With the view of ascertaining the cause of this peculiarity of Ver
digris River, in July, 1897, another gage was placed at Independence 
and referred to the same datum as the rod at the gaging station. 
Arrangements were ma<le to have both read hourly when the water is 
rising or falling. These readings will give the fall in the surface of 
the river between the gages for different depths of water. The dis~ 
charge since the erection of the gage Las been too small to yield definite 
results. 
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WATER POWER. 

The water power of this river is not utilized to so great an extent 
now as :fifte~n or twenty years ago. In the years 1880 to 1890 it is said 
that there were eleven dams on the Verdigris in Kansas, but at the 
present time not more than three are in use. Three dams were located 
in the vicinity of Coffeyville; two were in the vicinity of Liberty, 
of which the one remaining, McTaggart's, is shown on Pl. XXXVII, A; 
one was at Independence and one 7 miles above Independence, both 
gone; two were in the vicinity of Neodesha, both gone; one near 
Altoona, and one at Guilford. The dam at the gaging station was 
built in 1874-75 of brush and stones. Its length is 175 feet, its height is 
5 feet, and it gives a head of 5 feet when in good repair. The flume is 
10 by 12 feet. There are four wheels, one 48 inches and three 33 inches. 
The horsepower utilized is said to be 40. The dam backs the water 
about 7 miles. The dam at Altoona is built of timber and stone and 
the lower courses are bolted to t.he rock bottom. Its length ls 140 feet 
and its height 13 feet. The mill rmis by steam when there is not 
enough water to work the wheels. The dam at Guilford is built of tim
ber and stone. It is D feet high and supplies water to a 48-inch wheel, 
which yields 39 horsepower. 

The power of Fall River, at the present time, is utilized to a larger 
extent than that of the Verdigris. There are at least six dams on it in 
use. The first one, starting from the mouth, is located 1 mile west of 
Neodesha. It is 8 feet high, built of stone and timber, and backs the 
water 2~ miles. There is one 40-inch wheel. It is said that the water 
is sufficient to work the wheel about nine months in the year. 

The next dam is at Dun station. It is built of stone, and gives a head 
of about 5 feet, runs a 52-inch wheel, and gives 25 horsepower. The 
next in order up the river, shown in Pl. XXXVII, B, is located 1~ miles 
south of Fred011ia, and is the best on the river. It is.built of masonry, 
90 feet long, 7 feet wide on top, and gives a head of 8 feet. There is 
one 44-inch wheel, built fifteen years ago, which gives 40 horsepower. 
The water will run it on the average eleven months in the year. 

The dam at New Albany is 100 feet long, is built of timber and stone, 
and gives an 8-foot head. It runs a 40-inch wheel and gives 30 horse
power. The dam at Fall River is 200 feet long, 2 feet high, and built 
on a curve. With the fall it gives a head of 9 feet. It runs one 42-inch 
wheel from seven to ten months in the year. 

Six years ago there was a dam 4 feet high at Climax, which gave a 
head of 8 feet. It ran a 40-inch wheel and gave about 30 horsepower. 

The dam 1 mile northwest of Eureka is 150 feet long, built of stone, 
and gives a head of 3.5 feet. 

There are three dams on Elk River. One at Elk City, 154 feet long 
and 6 feet high, is built of timber and. stone. A 50-inch wheel has a 
head of D feet and is said to furnish 45 horsepower. The river stopped 
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flowip.g the latter part of September, 1897, and remained dry until after 
January 1, 1898. The mill has a steam plant to furnish power when 
there is not sufficient water power. There is another dam 4 miles 
southeast of Longton and one 4 miles northwest of Howard. 

':rhe reason the power of this river is now utilized to a less extent 
than formerly is because of the smallness and uncertainty of the dis
charge and tlle cheapness of steam power. The river is close to the 
coal mines and in tlle center of a natural-gas belt. In Coffeyville it is 
said that gas fuel does not cost more than one-fourth as much as coal. 

TEXAS STREAl\fS. 

Pref. Thomas U. Taylor, of the University of Texas, at Austin, has 
begun a series of measurements on a few of the more important rivers 
of Texas. In May, 1897, he took up the question of deposit of sedi
ment in J..1ake ·McDonald, which is formed by the construction of the 
large dam across the Colorado l~iver above Austin. The dam was com
pleted in 1\fay, 1893, and as the soundings were made in May, 1897, the 
results yielded bear upon the rate of sedimentation during four years. 
He first examined the notes of surveys made prior to the construction 
of the dam and obtained cross sections of the Colorado River, made 
before the dam was built, and covering about 23 miles of the ~ength of 
the river, at about 15 points between the dam and Lakeside, where there 
is no backwater. Later in the year he took up the establishment of 
river stations and, after a reconnaissance, selected points on the Brazos, 
Colorado, Guadalupe, and Pecos rivers. The point on the Brazos is 
about 1! miles southwest of the town of Lewis, at the railroad bridge; 
that on the Colorado is one-half mile southwest of the city of Austin; 
that on the Guadalupe is 1 mile east of New Braunfels; and that on 
the Pecos at the high railroad bridge of the Southern Pacific. He has 
also made measurements at different points along Colorado Riyer above 
and below Austin on the Comal, San Marcos, San Antonio, San Felipe, 
Del Rio, and Devils rivers, and other streams accessible by rail from 
Austin. 

The description of the results of measurements of silting of Lake 
McDonald are taken from the manuscript report of Professor Taylor. 
The shape of Lake 1.\iicDonald, formed by damming the Colorado River, 
and the relative position of the lines of soundings are shown on the 
accompanying illustration, fig. 127. The dam is about 22- miles north
west of the city. The black lines crossing the river above this indicate 
the position of the lines of soundings and the figures opposite give the 
distance in miles above the clam, which is marked 0.00. These corre
spond to the figures given on the right-hand side of fig. 128. On the 
left-hand side of the illustration are the names of the localities. In 
Pl. XXXVIII is given a view of the dam looking across from the west 
side toward the power house. 
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The city of Austin, Texas, by a vote of its people, on May 5, 1890, 
authorized the issue of bonds to the extent of $1,400,000, for the con
struction of a dam across Colorado River and the erection of a power 
house and au electric-light plant. The estimate of the probable cost of 
these operations, made by Mr. J.P. Frizell, of Boston, was as follows: 

Engineering ........................................................... . 
. Darn proper ............................................................ . 

Power house ....................... _ ................................... . 
Electric-light plant .................................................... . 
Water mains, etc ............................ _ ....................... _ .. . 
Distribution ........... · ....... _ ................. _. __ ... _ ...... _ ... _. _ .. . 
Reservoir ........................................ _ ...... _ ............ __ . 
Canal ................................................................... . 
Contingencies ..................... ·: ....... _ ........................... . 

$59,000 
463,000 
32,000 
46,000 

154,000 
295,000 
104,000 0 

50,000 
119,000 

Total ••••.......................... ~ .............................. 1, 322, 000 

FIG.l27.-lndex map of lines of soundings across Lake McDonald above Austin, -Texas. 

lVIr. Frizell was employed as engineer after the bonds had been 
authorized, and designed the general outline of the dam and its acces
sories. He resigned in 1891 and was succeeded by Mr. J. T. Fanning. 

The dam proper is 1,091 feet long between bulkheads and 68 feet 
high. The upstream face is vertical, while the downstream face is 
inclined at a batter of 3 in 8 at the upper part and terminates in a cir
cle of 31 feet radius, permitting the overflow· water to leave the dam 
in a horizontal direction. The original design contemplated a flat top 
about 18 feet wide, but this was finally. rounded on both upstream and 
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downstream edges. The cave of the dam was made of Portland cement 
and compact limestone, while the faces and top were made of an excel
lent grade of Burnet County (Texas) granite, laid in the best Portland 
cement. rl'he dam was completed in May, 1893. 

The Colorado River at Austin drains au area of 40,000 square miles, 
and was supposed to have a minimum flow of 1,000 second-feet and a 
maximum or flood discharge of 200,000 to 250,000 second-feet. A seri
ous error was made in estimating the minimum flow. The flow has 
been measured at the tailrace of the dam and at the head of the lake 
at different times when the water was below the top of the dam, and 
these measurements gave an average flow through the power house (at 
tailrace) of 231 second-feet. The minimum flow is certainly less than 
this amount, for, dur-ing the summer of 1896, while there was less 
than 231 second-feet going through the power house, the water level in 
the lake continued to sink from May 27 to July 1, when it attained its 
lowest record since the power was turned on-5. 7 feet below the crest of 
the dam. The average daily fall was 2 inches, the greatest fall being 
3~ inches and the sma1Jest being 1:! inches. The average width of the 
lake is about 800 feet and the length of backwater varies from 23 to 
19 miles. The loss of water is about 163 second-feet a day. No 
measurements of inflow and outflow were made, but. it is obvious that 
the average inflow was 163 second-feet less than the amount used up 
either by the city plant or by evaporation and leakage. One source 
of leakage is the so-called spring which is discharged from the side of 
the power house, in a, horizontal direction, from a 10-inch pipe. Several 
measurements were made on this. For two or three years it had a dis
charge of about 3,000,000 gallons per day (4.6 second-feet), but in May, 
1897, its flow suddenly increased to 10 second-feet. This rate has been 
maintained with slight variations up to the present time. 

The original volume of water in the lake was about 2,330,000,000 
cubic feet-that is, an amount that would be represented by a solid 
whose base is 1 mile square and whose height is 83 feet. 

Cross sections of the river were taken in September, 1890, at seventeen 
different places. The dam was completed in May, 1893, and the water 
first flowed over the completed dam May 16, 1893. Accurate sound
ings were made at the cross sections in May, 1897, and a comparison 
was instituted with former cross sections. The lake had been silting 
up about four years. In :May, 1897, there was in the lake, level with 
the top of tbe dam, about 1,362,000,000 cubic feet of water, leaving 
968,000,000 cubic feet of silt. In 1893 there was 83 feet of water on a 
square-mile base; and in 1897 there was about 50 feet of water and 33 
feet of silt. This is au average filling up of 8:! feet per year on a 
square-mile base. The following table presents the other data obtained. 
On account of the many bends in the river, the depth of deposit was 
found to obey no general law. The maximum and average depths at 
each section are indicated in th~ table, but these do not always corre-
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spond in position. While the max-imum depths at Santa Monica Springs 
were 29.4 feet in 1893 and 11 feet in 1897, the maximum depth of 
deposit was 21 feet. The channel has shifted from the south to the 
north side of the river at this place. 

Resnlts of sonnclings at Lake McDonald, in 1893 and 1897. 

I _,..... 

I '0.:. ]~~ Rom~k•. I 
Maximum r:: :l 0~ 

::::: Average depth . . t:.t depth. S-5 =...:::: ~:::: 

Section. ;..;.- ;:::~ 

-~ ~~ ~ ~..; == ~~~ ~~"" >~:i ]§ 1893. 1897. 18!l~. 1897. ~ A 
------------

Feet. :Feet. Feet. Feet. Feet. Feet. Per ct. .jJ[iles. 

Dam ........ 68.0 45.0 23.0 
-~;.-~l~~.-~· 

-·---- -----· ........ -- ... Mud bottom. 

Bee Creek ... 67.0 42.0 23.0 6.6 18 0.2 Do. 
Mormons 63.8 42.5 21.3 30.6 ; 26.2 4.4 11 1.2 Do. 

Spring. 

·williams .... 56.0 39.5 16. h 33.4 24.4 7.0 21 3.0 Do. 
Bull Creek .. 47.8 36.0 11.8 38.0 28.0 10.0 26 4.0 Do. 

Enuis farm .. 47.5 32.5 15.0 36.7 24.9 11.8 32 5.6 Do. 
Devils Hol- 47.0 27.0 20.0 36.3 21.5 15.8 43 7.0 Do. 

low. 

Ogarita ..... 44.8 25.0 19.8 30.7 19.4 11.3 36 7.8 Do. 
McNeill's 40.4 19.0 21.4 30.8 15. <1 15.4 50 9.3 Do. 

l::tne. 

Scotts Tower 40.9 19.0 21.9 27.2 14.3 12.9 47 10.4 Do. 
San tn.l\ionica 29.4 11.0 18.4 20.3 6.6 13.7 68 113.7 Do. 
Hughes farm 24.0 8.7 15.3 17.2 6.9 10.5 61 114.6 Do. 
Honey Creek 16.6 10.0 6.6 13.2 7.0 5.2 40 15.9 Do. 
Harrison 13.2 6.8 6.4 11.2 5.0 7.2 64 :17.4 Part sand. 

Branch. I 
Clifton 7.6 5.0 2.6 5.6 3.9 1.7 30 18.9 Sandy bot-

farm. I torn. 

Sulphur! 3.7· 2.21 1.51 2.8 2.0 I 0.8 29 ro.o I Sandy bot-
Hollow. I ( tom. 

I 

The total amount of silt in the lake is 968,000,000 cubic feet. Tl:iis 
would cover 1 square mile to a depth of 33 feet. The total amount of 
water in the lake would cover 1 square mile to a depth of 50 feet. 

The facts shown in the above table are graphically exhibited in 
fig. 128, which gives the sections at various points at and above the 
dam. The vertical scale is twice the horizontal. On the left-hand side 
are given the names of the localities and on the right-hand side the 
distance in miles above the dam. The amount of sediment accumu
lated from May, 1893~ to :1\'Iay, 1897, is shown by the cross-hatched 
areas, the lower line being the contour of the ground before the dam 
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was built, and the upper line the shape of the bottom of the lake four. 
years later. The figures above each section indicate the original width 
in feet. 

LOCAUTY 

CUFTON 

HARRISONS BR 

HONEYCR~EK 

HUGHES 

SANTA MONICA 

SCOTTS TOWER 

MCN£1LLS LANE 

OGARITA 

OCY/LS HOLLOW 

ENNIS FARM 

BULL CREEK 

ORYCREEH 

MORMON FALLS 
==:::::::::: 

S80 

600 

apaz 

3!$0 

880. 

1.300 

DISTANCE 
F/10M 

DAM 

18!JOMIL£S 

/7.40 ,. 

15SO" 

/4-.60 u 

13.70" 

/0.40 II 

!J.ZS II 

7.75 • 

7.00 II 

5.60. 

4.00, 

I.ZO" 

scccnc~.~~~----------------------'-2_3_0 ________ ~----------------~· 1 o.zo• 

~ 
DAM ~--------------------'z_o_o __________________________ _,,o.ooN 

~-~~=a==~~~~ ~ 
~//Z?d22VZ?~ 

}'IG. 128.-Cross section of Lake McDonald, illustrating accumulation of silt. 
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RIO GRA.J.~DE BASIN. 

This basin is described in detail in the Twelfth Annual Report of 
this Survey, Part II, on pages 240 to 290, all of the data at that time 
available as to rainfall and run-oft' being discussed. Since that time 
(1890-91) measurements of the discharge of the Rio Grande have been 
made at short intervals. at several important points and the volume of 
the stream has been made known. 

RIO GRANDK 

This river, as described in the above-mentioned report, has its source 
in the Rocky Mountains in southern Colorado and :flows in a general 
easterly direction until it leaves its mountainous basin to enter San 
Luis Park. Its course is thence southeasterly to the end of the park, 
where it turns due south. San Luis Park is the valley of greatest area 
along the Rio Grande, its dimensions being 70 by 40 miles. A large 
number of canals take water to irrigate what appears by eye to be 
level stretches of land many miles in extent. 

A gaging station is located about 3 miles above the town of Del 
Norte and above the head of most of nhe important canals. The field 
work at this station in 1897 is described in Water-Supply and Irriga
tion Paper No. 16, p. 127. 

For a year or more a gaging station was maintained at Alamosa, near 
the lower end of the park, and the measurements show the amount of 
seepage water at this point, for during dry seasons all the water in the 
river is diverted above. Owing to the considerable quantities of water 
used in this valley and to the slight fall of the country, areas in the 
lower sections are tending to become swampy and alkaline. It has 
been thought that the slope of the country was not sufficient for drain
age canals, but a level line run during 1897 demonstrated the fallacy of 

, this idea. 
Some miles above the Colorado and New Mexico State boundary line 

the Rio Grande enters a canyon locally known as Rio Grande Canyon, 
. and continues in it to below Embudo, New Mexico. This gorge is from 

300 to 500 feet in depth. During its course through this section the 
stream receives a number of small tributaries both from the east and the 
west. Although the river has been reported as being dry at the lower 
end of San· Luis Park, a constant discharge is found at Embudo, as 
shown by the records at the gaging station there. 

Results obtained in 1897 at the Embudo station will be found in 
Water-Supply and Irrigation Paper No. 16, p. 128. The rating tables 
and the table of monthly discharges are given on pages 384 and 385. 

Three miles below Embudo the river enters Espanola Valley, and 
at the lower end White Rock Canyon, through which it :flows for 30 
miles. It then enters the Albuquerque Valley, which averages in 
width from 1 to 3 miles and continues down to about Socorro. Num
erous canals are taken out from each side of the river both above and 
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below Albuquerque, and considerable ar.eas are irrigated on a small 
scale. :M:ost of the ditches are owned by Me~icans and are poorly con
structed and wasteful of water. Flooding is the principal method of 
application. A survey was made in 1897 for a la.rge irrigation enter
prise taking water from the Rio Grande from above Albuquerque, to 
be used in the vicinity of that city. 

The Rio Grande gaging station, located at the upper end ofWhite 
River Canyon, is described in Water-Supply and Irrigation Paper No. 
16, p. 130. 

The San Marcial gaging station is the fourth on this river at which 
work was prosecuted during 1897 and is described in Water-Supply 
and Irrigation Paper No. 16, p. 131. Immediately below San M·ar
cial the railroad leaves the river and continues southward on a level 
plain many miles in extent. If water could be brought to it, undoubt
edly it would produce rich crops. Two years ago an enterprise having 
as its object the irrigation of this land contemplated the building of a 
dam at what is known as Elephant Buttes and carrying the water by 
means of a long canal to this east side plain. It is in the hands of an 
English corporation. The proposition was agitated at the time active 
surveys were being made for the jnternational dam and reservoir at 
El Paso, and the National Government sought to enjoin the company 
from building the dam, as· it would be likely to interfere with the supply 
at El Paso. 

Mesilla Valley, extending from Fort Selden, New Mexico, to within 
3 miles of the city of El Paso, Texas, is a· noted section, and contains 
a number of important irrigation enterprises. The method of irrigation 
in this V3lley is described in Water-Supply and Irrigation PaperNo. 10.1 

A gaging station has been maintained at El Paso for several years. 
The work accomplished at this station during 1897 is described in 
Water-Supply and Irrigation Paper No. 16, p. 132. The bottom of 
the river here for a number of miles above and below El Paso is 
unstable, scouring on a rise and filling on a fall of the river. The only 
method of accurately estimating the daily discharge is that practiced 
at a number of other gaging stations where the beds of the rivers are 
similarly unstable (the method, for instance, fo1lowed at the McDow
ell stations on Salt and Verde rivers and the Butte station on Gila 
River), and consists in taking a large number of discharge measure
ments at intervals of only one or two days. May 1, 1897, this station 
was placed under charge of Mr. W. W. Follett, consulting engineer of 
the International (Water) Boundary Commission. Ninety-one dis
charge measurements were made at this point in 1897. 

J Irrigation in Mesilla Valley, New Mexico, by F. C. Barker. 
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Rating table jm· Rio G'ranile at Del Nm·te, Col01·ado, for 1897 .. 

Gage 
height. D . 'I' G_age n· h li Ga(J'e I n· h !I Ga!Te D::3 1scharge. height. ISC argc. , I height. 1sc arge. i height. tscharge. 

----1-----~--- ----

Second-feel. : Feet. Second-feet.: Feet. Second-feet. Ji Feet. Second-feet. Feet. 

1. 4 305 2. 2 756 [ 3. 6 2, 336 i 5. 0 4, 292 
1. 5 354 2. 4 896 1 3. s 2, 638 5. 2 4, 561 
1. 6 406 2. 6 1, 052 4. 0 2, 939 5. 4 4, 830 

I 1. 7 460 2. 8 1, 232 4. 2 3, 216 5. 6 5, 100 

IL--~-:~-~~---:~-~~~~I_:_:_;~---~-~-~-:~ __ 

4

_~:_:~ __ !:_·~-~~-:~ ___ 

5

_.
8

_~~ 
Estimated monthly discharge of Rio G1'ancle at Del Norte, Co;omdo. 

[Drainage area, 1,400 square miles.) 

~Month 
Discharge in second-feet. Rung 

Total in acre- Second-
Maxi- Mini- Mean. 

feet. Depth in feet per 
mum. mum. inches. square 

mile. 

---
1897. 

January ........... -... -- ...... .... ---- a 1, 000 61,488 0.82 0.71 
February .......... ................... .. .. -. -........ a 1, 000 55,537 0.74 0.71 
March ....... ·----· ................... .... -... -.. -- a1, 000 61,488 0.82 0.71 
April. _________ -···. 2,111 598 1,067 63,491 0.84 0.76 
May ............................ 5,234 1,660 3,537 217,483 2.92 2.53 
June ______ ... ____ .. 4,830 1,660 3,391 201,778 2. 70 2.42 
J nly ___ . ___ . _____ .. 2,261 570 1,108 68,129 0.91 0.79 
August .. ____ . _____ .

1 

598 354 475 29,207 0.39 0.34 
September . __ . __ . _ . 972 354 631 37,547 0.50 0.45 
October .. ___ .. ____ . 2,261 756 1,472 90,510 1. 21 1.05 
Nove1nber .......... 860 542 665 39,570 0.54 0.48 
December .... ·----- ......... -- ........ ..................... a800 49,190 0.66 

'3 ---
The year . _ . _ ... -- ...... - ....... ................ 1,346 975,418 13.05 0.96 

a Approximate. 
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FIG. 129.-Discharge of Rio Grande at Del Norte, Colorado, 1897 . 

.Rating tablej01· Rio Grande at Embudo, New Mexico, for 1897. 

Gage 
height. Jan.1 to 

Apr.lS. 

Discharge. I 

Apr. 19 to I Aug. 22 to I 
Gage 

height. Jan.1 to 
Apr.18. 

Discharge. I 
Apr. 19 to A~~ 
Aug. 21. Dec. 31. Aug. 21. Dec. 31. 

1-------1-------11--~---- ------1------1--------1--------1 

Sec.-feet. I Sec.-feet. 
1 

Feet. Sec.-feet. . ~ec.-jeet. Feet. 

7.3 

7.4 

7.5 

7.6 

7.7 

7.8 

7.9 

8.0 

8.2 

Sec.-feet. 

!~: ~~~~~~~~~~~~ ~:: ~:~:~ ~:::: 
330 285 : 9. 8 1, 500 1, 820 

360 305 10.0 1,680 2,035 

375 390 330 10. 2 . ---- .. -- 2, 270 

390 425 360 10.4 -----··-0 2,530 
410 460 390 10. 6 ---. 0 • -- 0 2, 815 
435 495 425 : 10. 8 0-0 0 0 0--0 3, 105 

4.95 580 495 11. 0 0 0 0 0 0 0 0 • • 3, 395 

8.4 565 685 58o I n. 5 .... 0 0 • _ 0 4, 120 

8. 6 650 805 685 12. 0 . - .. 0 • -.. 4, 845 

8. 8 750 940 805 12. 5 . - .. 0 •• -. 5, 570 

Se_c.feet. 

1,260 

1,435 

1,625 

1, 820 

2,035 

1 :· ~ 865 1, 090 940 13. o . _ .. 0 • • • • 6, 295 ... _ . ____ -I 

L.!...._1_,_o_oo __ ...!..._ __ 1_, _26_o __ ! ___ 1_,_o_9..:.o.-!.'l __ 1_4_. o __ .!..·_·_·_· _-·_-_·...:· ~-8-, _74_5 __ .!_0_-~ 
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Estimated monthly discharge of Rio G1·ande at Embudo, New Mexico. 

[Drainage area, 7,000 square miles.] 

~Month Discharge in second-feet. 

Tota1 in acre
feet. 

Run-off. I 
Second
feet per 
square 

1897. 
January .......... . 
February ~ ....... .. 
March ............ . 
April ............. . 
~1ay .............. . 
June .............. . 

Maxi
mum. 

435 
480 
865 

3,177 
8,745 
7,600 

Mini
mum. 

375 
375 
410 
700 

3,177 
2,270 

Mean. 

394 
408 
561 

1,698 
5,443 
4,621 

Jul;y-............... 2, 465 
August............. 1, 015 
September . . . . . . . . . 460 

375 1, 274 
285 338 
285 344 

I 
October............ 2, 150 495 
November.... .. .. .. 1, 43~ 745 

I December.· .. __ .. __ . ____7~ ~ 

The year ____ . 8, 7451 285 

Sec.-ft. 
6, 000 ~-+-+-+--l--ll-+-1--+--f--+-1-+--.., 

4, 000 t-+-+-+-+--l--ll-+-1--+--f--+-11-1-

3, 500 l-+-+-+--f-+-+-++-+--1f-t-

3, 000 1-+-+-+--+--1-tf-+--+--+--+-~ 

1, 538 
1,138 

551 

1, 497 

24:,226 
22,659 
34,495 

101,038 
334,679 
274,968 

Depth in 
inches. 

0.07 
0.06 
0.09 
0.27 
0.90 
0.73 

78,336 0. 21 
20,783 0. 06 
20, 469 ' 0. 06 
94,569 
67,716 
33,880 

1, 107,818 

0.25. 
0.18 
0.09 

2.97 

FIG. 130.-Discharge of Rio Grande at Embudo, New Mexico, 1897. 

19 GEOL, PT 4--25 

mi1e. 

0.06 
0.06 
0.08 
0.24 
0.78 
0.66 
0.18 
0.05 
0.05 
0.22 
0.16 
0.08 

0.22 
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I 

Rating table for Rio Grande at Rio Grande, New Mexico, for 1897. 

----~ 

Discharge. Discharge. 

Aug. 17 to ~~ h~;~'i,~. 
Dec. 31. 

Gage 
height. I Jan. I to I' Jnne 20 to 

June 19. Ang.l6. 

-F-.~-,~---~-..:,.2-~~-~·-: .j &<.~:~!-~"·!~i II' T: I 

Jan.l to I June 20 to Aug.17 to ~, 
June 19. 

1 
Aug. 16. 

1 
Dec. :n. 

!----~, 

4. 4 1 310 240 .320 7. 0 

4.6 390 320 380 7.2 

4.8 470 420 460 I 7.4 I 

s
1
ec

1 

•

9
-J
8
e

0
et. I Sec.-feet. : 

2,620 

2, 380 1 2, 900 
2, 800 3,190 

3,220 

3,640 

5.,0 I 550 660 550 7. 6 I 4, 060 

3,500 

3,820 

4,180 

4,540 5.2 630 ·900 650 7.8 4,480 

Sec.-feet 

2,230 

2,490 

2,750 

3, 010 

3,270 

5.4 

.5.6 

5.8 

6.0 

- ,~. 2 
6.4 

710 1,140 780 8.0 4,900 .. ---. -- .. i--- ...... . 
820 1,380 950 9.0 7,300 

1,000 1,620 1,190 10.0 ' 9,700 

1, 200 1, 860 . 1, ,450 11. 0 112, 100 

1, 410 2~ 100 1, 710 12. 0 114, 500 

__ I _1, 69o ~-·-2, s,4 ~-o---~1_,_9_7o-'--'----'-l---'----
~~~~~~ ~~~~11:::::: ::::i 
_· _______ j 

Estimated montlzly dischm·ge· of Rio Grande at Rio G1·au(le, New Mexico. 

[Drainage area, 11,250 square miles.) 

Discha~ge in secoln<J.feet. I . . ___ Rnln off. I 
1 • Total. m acre- 1 Second-

Maxi- i Mini· Mean. ! feet. .· ~epth in feet per J 

mum. 
1 

mum. I mches.l sqt~are 

------1---~---1---:- ! __ ·_ ~~ 

570 . 290 I 467 28, 715 ! o. 041 o. 04 

· Month. 

1897. 

January ......... .. 
Februar~· ... _ .... __ 590 470 I 542 30, 101 I 0. 05 0. 05 

March ........... .. 2, 485 610 ! 988 : 60,750 0. JO 0. 09 
April ____ ........ .. 9, 220 1' 200 i 5, 094 ! 303, 113 0.50 0.45 

May.------ ....... . 15, 340 I 8, 500 , 11, 421 702, 254 1. 18 1. 02 

June ... _ ... -...... 10,900 I 2, 4-80 ' 6,153 366,128 
i .July ............... 3,190 200! 1,582 97,274. 

0.61 0.55 

0.16 0. 14 

August ....... ----- 1,255 200 446 27,423. 0.04 0.04 

September ..... ---- 2, 360 ; 260 680 40, 463 0.07 0.06 

October ........ ___ .' 3, 465 1 550 · 2, 215 136, 196 · 

November ...... ___ -11, 710 · . 680 1, 208 71, 881 

December ... _ .... _. 745 215 524 32,220 

0.23 0.20 

0.12 0.11 

0.06 0.05 

The y~ar . _ ... )15~S40 200- 2,'610 1, 896, 518 , 3.00 0.23 
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GAGING APPARATUS ON BLACK FORK NEAR GRANGER, WYOMING . 

. cL Cable and car; 8, Wire gage. 
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Sec.-ft. 
12, 000 l-+-+--l--+--+-+--1t-+-l--+--t-+-+:-:-! ... l-+-+-+-+-+-+--1-t-+-t--t--t--t-i-t-t--+--t-t-1r-:t 

9, 000 H-1--+-+--t-+--1--+-+-t-+-

8, 000 ~-+--+--+-+-lf-l-""""-+--+--+-

FIG. 131.-Dtscharge of Rio Grande at Rio Grande~ New Mexico, 1897. 

Rating tablefm· Rio Gm1Ide at Sa·n Ma1·cial._. Ne·w ·Mexico, for 1897. 

Discharge. 

.Jan. 1 to 
Mar. 31. 

Apr. 1 to 
May 7. 

May 8 to 
May 23. 

May 24. to I Sept. 5 to 
Sept .. 4. Oct. 4. 

Feet. 

5.0 
5.2 
5.4 
5.6 

"5.8' 

I Second-feet. Second-feet. Second-feet. 

6.0 
6.2 
6.4 
6.6 
6.8 
7.0 

~~~~~~~ ~~~~~~~~~--~~~~~~: :~~~~~:~~~~~ 
[:::::::::: :::::::::::: :::::::::::: 

200 -------- .... ------------
7. 2 276 

7.4 350 
7 .. 6 850 
7.'8 1, 350 

8. 0 1, 850 
8.'2 2, 360 

8. 4 1 2, 880 

900 
1,400 
1, 900 
2,400 
2,900 
3,400 
3,900 

-120 
170 
270 
400 
580 1,500 
850 2,200 

1, 200 2,900 
1,650 3, 600 
2,150 4, 300 
2, 800 5,000 
3,600 5,700 
4, ·~50 .. .................. 

5,350 ··---· ....... 

Dec. 31. 

·----- ....... 
............ ---· 

2,1CO 
. 2_. 700 

3, 500. 

'4, 300 
5,100 
5, 900 
6, 700 

I ~· ~ j······ .... 
L,·········· 

--------~------------------~--------------~------~ 
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Rating table fm· Rio Omnde at Sm~ Marcial, New Mexico, jo1· 1897-Contiuued. 

Gage 
)1eight. 

Feet. 

9.0 

9.2 

9.4 

9.6 

9.8 

10.0 

10.2 

10.4 

10.6 

10.8 

11.0 

11.2 

11.4 

11.6 

11.8 

12.0 

~ 4 

Discharge. I' 
----;---------·--.-M-a_y_2_4_to-----,.-Se-p-t.-5-t-o---;--r~~ 

!;ept. 4. Oct. 4. Dec. 31. l Jan. 1 to Apr. 1 to May 8 to 
.Mar. 31. May7 . May23. 

Second-feet. Second-feet. 

... --- ....... --- 4,500 

.......................... 5,100 

......................... 5,800 

............... --- .. 6,500 

........................ 7,200 

................. -...... 7, 900 

·----- ......... 8,600 

........ -.............. 9,300 

............................ 
I 

10,000 

---- . ----- i 10,700 

---------- 11,400 

.. -- ..... - 12, 100 

··········I· ........................ 

..... -............... ......... ................... 

............................ ........................... 

- ..... -- .. - ......... ................ .............. 

........................ ----- .. -- .. - ..... 

........ - ..... -........ .. ... -- ..................... 

Secondjeet. 

............................ 

... -... -.................. 

... ......................... 

.. - ......................... 

-.. -- ... - ...... -... 
10,400 

11,200 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

Second-feet. 

6,250 

7,150 

8,050 

8,950 

9,850 

Second-feet. Second-feet. 

10,750 

11,200 

11,650 ......... .. 
12, 100 

1

. ___ .. ___ _ 

... ~~~ ~~~-- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

7,500 

8,300 

9,100 

9,900 

10,700 

11,500 

12,300 

13,100 

13,900 

14,700 

15,500 

::::::; ::: r::::: :: f:::::::: 1 

------·--------~-----·---

Estimated 1nonthly clischarge of Rio Omnde at San Marcial, New ·Mexico. 

:Munth. 

[Drainage area. 28,067 square miles.] 

Discharge in second-feet. 

Maxi
mum. 

I I 
Mini
mum. Mean. 

Total jn acre
feet. 

Run-off. 

Depth in 
inchet~. 

Second· 
feet per 
square 
mile. 

i 1--! 
~ 1897. 

.January . . . .. .. .. .. 600 200 318 19, 553 0. 013 0.011 ; 
February . . .. .. .. .. . 600 350 438 24,325 0. o..t7 0. 016 
March __ ... __ . . . . . . 1, 3fi0 350 663 tO, 767 0. 028 0. 024 
April .. . .. .. . .. .. .. 7, 025 900 3, 572 212, 548 0.142 0. 127 
May .. . .. .. .. .. .. .. 21, 750 6, 150 12, 282 755, 196 0. 505 0. 438 
J nne . .. .. . . . .. . .. .. 11; 088 1, 775 6, 158 366, 426 0. 244 0. 219 
July .. .. .. . .. .. .. .. 2, 025 270 · 1, 073 65, 977 0. 044 0. 038 
August ... _.. .. .. . .. 365 5 100 6, 149 0. 00-i 0. 00-i 
Septem ber . . . . . . . . . 6, 050 5 1, 919 114, 188 0. 075 0. 068 
October._. __ . . . . . . . 15, 500 650 4, 581 281, 677 I 0. 188 

1 

0. 163 I 
November ......... 1 3, 500 2, 100 2, 953 175, 715 l 0. 117 0. 105 

I 
December .......... 1 3, 100 2, 400 2, 484 152, 736 , 0. 102 0. 089 j ------ ________ , ___ _ 

The year ..... i 21, 750 I 5 i 3, OJ5 2, 215, 257 ! 1. 479 0. 109 1 

l I
I 

I l ----~--------~ 
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]'IG.l32.-Discharge of Rio Grande at San Marcial, New .Mexico, 1897. 

Rating tabZefm· Rio G1·ande at El Paso, Texas, for 1897. (a) 

Discharge. Di•oh~ge. ·;;:=! 
Gage height. 

Nov. 1 to 
Gage height. 

' .Jan.1 to I Nov.1 to ,Jan.l to 
Apr.30. Dec.:n. .Apr. 30. Dec. 31. 

Feet. Second-feet. Second-feet. Feet. Second-feet. Second-feet. 

5.6 30 ................. - ........ -..... 8.4 1, 440 1, 270 
5.8 42 ... - ... -- .............. -.. 8.6 1,680 1,440 
6.0 60 -----. ------ ·j 8.8 1, 940 1, 610 
6.2 90 . -- .............. - ... -... 9.0 2,200 1,780 

. 6.4 130 ------------·1 9.2 2,470 . -.. -.............. -..... 

6.6 170 ---- ---- ----I 9.4 2,740 .................... ·-----
6.8 210 . -- .. -. - . ---- .. 9.6 3,010 .. --- ......... - .. -... 
7.0 250 460 I 9.8 3, 280 .......... -- ....... - ..... 

7.2 350 500 10.0 3, 550 ..... -- ......... --- ... -
7.4 500 570 10.2 3,820. . -- ..... - ...... - ........... 

7.6 660 650 10.4 4,090 ........ -- ..... -.. -- ...... 

7.8 830 770 10.6 4,360 ... -- ... -..... --. -. 

I 
8.0 1,000 930 10.8 •!, 630 ·····=J 8.2 1, 200 1,100 

a Discharges from May l to October 31 were interpolated. 
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Estimated monthly dischm·ge of Rio G1·ande at El Paso, Texas. 

[Drainage area, 30,000 square miles.] --------;------. ------- ----- -----~---c----:;r 
Di'cb""'" in """'1-t>ct. I Run-~~ 

:Month. Total in acre- Secoml-I feet. 

I 
Maxi- :Mini- Mean. Depth in feet pet· 
mum. mum. 

i 
' inches. square 

mile . 

--- . ----~--~ i 

1897. 
.January ............ 1,260 90 1 

305 18,754 0.011 0.010 
February ...... - ----I 230 125 194 10,774 0.006 0.006 
March ............. I 120 30 72! .4, 427 0.0021 0.002 
ApriL .......... _ ... 4, 225 40 1,740 103,~37 0.064: 0.058 
May. ____ ------ ____ 17,000 5,000 8,312 511,088 0.320 0.277 
J nne ...•........... 11,0~0 2, 000 I 6,095 362,677 0.226 0.203 
.July ............... 5,300 300 1,330 81,770 0.051 0.044 
August -... -- .. --- -1 600 0 132 8, 116 0.005 0.004 
September ......... 2,880 0 705 41,950 0.025 0.023 
October ............ 5,000 230 1, 7581 108,096 0.068 0.059 
NoYember ........ _. 1,695 810 1, 13~ I 67,359 0.043 0.038 
December .......•• -~1, 011; 460 ~I 41,8121 0.026 0.023 

The year..... 17, 000 0 1, 871 i 1, 36o, 360 - 0.847 0.062 
i I --l 

~~A~ . 

Sec . -ft. 

~4. 000 

22, 000 

20, 000 

lR, oou 

16, 000 

14, {\{\{\ 

12, 

1U, vv• 

8, vv• 

6, vv• 

4, vv• 

2, nno 
v 

• 
FIG.133.-DisclHtrge of Rio Grande at El Paso, Texas, 1897. 

COT..~OU.A.DO BASIN. 

A general description of this basin is given in the Twelfth Annual 
Report of the Survey, Part II, beginning on page 2!JO. Colorado River 
is formed by the junction of Green and Grand rivers, ab"out 60 miles 
south of the gaging station a~ Blake, Utah, where the Rio Grande 
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Western ·Railway crosses the former stream. On October 22, 1897, a 
sample of water was taken by Prof. J. A. Holmes from the Colorado 
River at the point where it is reached by Hance's trail from Flagstaff;· 
Arizona. This, upon examination, gave a neutral reaction and contained 
suspended matter to the amount of 749.6p grains per gallon and dis
solved matter 43.38 grains per gallon. ~t that time the stream was. 
not considered to be unusually muddy. 

BLACK FORK. 

The station on this tributary is located in the southwest corner of 
Wyoming, adjoining the Bear River drainage, and it empties into 
Green River about 2() miles below Greenriver. Irrigation is practiced
on the head-water creeks; and around Fort Bridger wheat, oats, 
and vegetables are raised under the Black Fork canal, the elevation 
being over G,500 feet. The stream has a rapid fall and the banks are· 
low, resulting, during high water, in the formation of many sloughs 
along the bottoms of the creek. This is rather a drawback to the irri
gator, for if be constructs a ditch from a slough during one year after 
the high water of next season his head gates may be left high and dry 
in an abandoned channel, the water having found a new course through 
another slough. 

Hams Fork is the largest tributary of Black For;k. and enters it from 
the north about 1 mile above Granger. Irrigation is practiced along 
its length, the water being used for hay ranches. A number of ditches 
have been abandoned along the lower course of the stream on account 
of the appropriation of water above. The method of using the water 
in this basin is very wasteful, the settlers thinking· it necessary to flood 
their lands at the beginning of the irrigating season and to keep them 
in a partially submerged state until a short time before the cutting. 
There have been complaints by the settlers on the lower stretches 
on this account. Hay is the principal crop raised, the climate beiug 
too severe for the growing of· vegetables and garden truck except 
along the lower valley. The principal industry for this entire section 
of country is stock raising, the cattle being ranged on the heights dur
ing the summer and driyen to the valleys during the- winter, when the 
hay raised in summer is used to feed them. Within recent years bands 
of sheep have been encroaching o-o the ranges, compelling many of the 
cattlemen to seek new country, for sheep, as is well known, almost 
tot.ally destroy a range for several years. . 

The gaging station is located at Granger, below all of the principal 
ditches, it being i~possible to locate a station above on account of the 
distrib\ltion of the ditches among .the head-water tributaries. The 
results obtained show the amount of water going to waste that could 
be utilized for storage purposes. The old station was lo_cated 2 miles 
west of Granger, at the Union Pacific Railroad bridge, ~nd above Hams 
Fork, so that the results did not inclnd~ the flow of this ~atter stream. 

Ou April 28, 1897, the location was abandoned and the station was 
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removed to a point below Hams Fork, and about one-fourth of a mile 
below Granger. The upper station was at a poor section and inconven
ient of access. The new station is equipped with a cable and car, 
shown in Pl. XXXIX, A. The gage rod, as shown in Pl. XXXIX, B, 
is different from the ordinary type. It consists of two vertical 6 by 6 
inch posts set firmly into the ground at the edge of the river, and 5 feet 
apart. A horizontal timber, 4 by 5 inches by 12 feet, is placed on top 
of the vertical posts with one end projecting out over the water, and 
braced by a 2 by 4 inch diagonal. To this timber is attached a wire 
gage with the graduations marked along the top. The advantage of 
this style of gage is that it is not disturbed by ice and is not liable to be 
carried out by high water unless a section of the bank is carried away. 

The station at Granger Is described in Water-Supply and Irrigation 
Paper No. 16, p. 134, together with the list of discharge measurements 
and the table of gage heights. Two tables of monthly discharges are 
given: From January 1 to April 27, 1897, inclusive, which is for the 
old station above Hams Fork, the rating table, as derived from 1896 
measurements, and given in the Eighteenth Annual Report, p. 271, 
was used; from April 28 to the end of the year the new rating table, 
herewith published, based on measurements made in 1897, was used. 
The table of monthly discharges is computed from the latter. 

Rating tablejm· Black Fork at Grange1·, Wyoming. 

I Gage height. 

Discharge. 

I Gage height. 

Discharge. 

Apr.1, 1896, to Apr. 28 to Dec. Apr.1,1896, to Apr. 28 to Dec. 
Apr. 27,1897. 31,1897. Apr.27,1897. 31, 1897. 

Feet. Second-feet. Second-feet. Feet. Second-feet. Second-feet. 

-0.1 . ........... I 150 2.4 ... -........... 1, 380 
0.0 .................... 155 2.6 215 1,625 
0.1 ------------ 170 2.8 260 1, 875 
0.2 ... --- ... --- .... 190 3.0 315 2,125 
0.3 ........... -.. --- ... 210 3.2 365 2,375 
0.4 .... -- ....... -- ... 230 3.4 425 2,625 
0.5 .... ---. -... -- .... 250 3.6 500 2,875 
0.6 ... ---- --- ..... 270 

1 
3.8 570 3,125 

0.7 , ............ 290 
I 

4.0 650 3,375 
0.8 ------------ 320 

I 
4.2 745 3,625 

0.9 t ...................... 350 4.4 830 3,875 
1.0 i· ........... 390 4.6 930 4,125 
1.2 470 i 4.8 1, 040 4,375 ..... -- .. -.. --- ... I 

1.4 I ............ , 550 
I 

5.0 1,155 4,625 

I 
1.6 670 5.2 1,300 4, 875 I .•.•.•...... I 

830 
I 

1.8 I •••...•••••• II I 
5.4 1,430 5,125 

2.0 1,000 
I 

5.6 I 
5,375 ··---· ·----· .... -.... ----. 

i -1,180 t>.8 5, 625 
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Estimated monthly discha1·ge of Black Fork at Grangm·, Wyoming. 

[Drainage area, 1,747 square miles.] 

Discharge in second-feet. I-R--,-un-~ 
~I Month. 

Maxi
mum. 

Mini
mum. Mean. 

Total in 
acre-feet. Depth in feet per 

inches. square 
mile. 

1897. 1 

January ....... .... .... .... .... .... a285 17,524 0.14 0.12 

February . .. .. . .. .. .. .. .. .. . .. . .. .. a 285 15, 828 0. 12 0. 12 

March .. .. . .. . .. .. . . .. . .. .. . .. . . .. . a 285 17, 524 0. 14 0. 12 

April............... 1, 500 285 645 38,380 0. 30 0. 27 

May .. .. .. .. .. .. .. . 5, 375 1, 875 3, 881 238, 635 1. 87 1. 62 

June............... 3, 375 410 1, 274 75,808 0. 59 0. 53 

July .. .. .. .. . .. .. .. 470 190 294 18, 077 0. ).4 0. 12 

August............. 230 155 190 11, 683 0. 09 0. 08 

September . . . . . . . . . 250 150 182 10, 830 0. 08 0. 08 

October .................... ~ ........ a300 18,446 0.15 0.13 

November.......................... a260 15,471 "0.121 0.11 

L-D--ec_e_m_b_e_·r_._·_-·_·_·_·_··-·~·-·_··_·_·_··~··_·_·_··_·_·~-a-4-00~----2-4_,5_9_5~--03_ .. _29~ol~9 ~ The year . .. .. . . .. .. .. .. .. . . .. 690 502, 801 ~ 

a Approximate. 

Sec.-ft 
6,000~~~4-~~~4-+-~~~4-+-~-+~4-+-~~--1-4-4-~~~1-+-~ 

5,500~~~4-~~~4-+-~r+~~-~~r+~~+-+-~-+~~~r+~;-+-r1 

4, 0001-+~~4-~r+~~+-t-1r-.-

8, 500 1--+--+--+--+--+-+--+--+-+--11-+--t-

3, 000 1-+~-t--t-+-lr+~~+-t-+ 

2, 500 1-t~-t-~t-t-t--t-+-1--t-

2, 000 1-+-t--t-4-t-t-t--t-+-1--t-

1, 500 t-t-t--t-4-t-t-t--t-+-lr--t-

1, 000 ..._.-+-t--t-+-1--1--+--1--.--!-

500 ~--~,.,.,.....a-+-+::1 a=+-+-fl-=+a-+-o--· a Approximate. 

FIG. 134.-Discharge of Black Fork at Gr&Dger, Wyoming, 1897. 

,,. 
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GREEN RIVER. 

Green Hiver bas its source in the Wind Hiver and Gros Ventre 
Mountains, in western Wyoming, and flows southward, draining a large 
area of mountainous country. The principal industry of this section is 
stock raising, the little irrigation practiced being confined to hay 
ranches along the bottom of the creeks. In the southwestern corner 
of Fremont County and the northwestern corner of Sweetwater County 
is a large plateau bounded by Green River on the west and Big Sandy 
Creek on the south, averaging 7,000 feet in elevation. If this land 
could be irrigated it could be well utilized for forage crops and for the 
cereals, but as it lies high above the bed of the river the cost of hring
ing water would be considerable.· 

The upper gaging station on this river is located at Greenriver, 
\Vyoming, at the crossing of the Union Pacific Railroad, and is 
described in Water-Supply and Irrigation Paper No. 16, p. 136. As 
the river below here in this State runs through a bad-lands section not 
suitable for cultivation, measurements at the gaging station represent 
the amount of water flowing out of the State. 

The next important tributary of Green River below Black Fork is 
Yampa River. The drainage area is almost entirely included in the 
northwestern corner of the State of Colorado, a small area being 
drained outside-that of Littie Snake River, in Wyoming. The drain
age basin of Yampa River is very spar~ely settled and little irrigation 
is practiced in its limits. 

The next two important tributaries of Green River below the 
Yampa are Duchesne River, entering from the west, and White River, 
entering from the east. The mouths of these two streams are only a few 
miles apart. T;tte northern tributaries of Duchesne H.iver have their 
squrce in the Uinta 1\iountains. The entire drainage b3tsin of the main 
river is comprised within the Uinta Indian HeserYation and includes 
some very fine irrigable lands, but at the. present time only a small area 
is under cultivation. This Indian reservation bas already been subdi
vided, and land bas been allotted to the Indians residing within its 
borders, but it has not as yet been thrown open to settlement. During 
tlle last year, however, a commission, appointed by the General Gov
ernment~ bas been trying to draw up a treaty with the Indians, the 
main object of which is to purchase the grea~er portion of the reserva
tion, leaving to the Indians the land that has already been allotted to 
them. When this area is thrown open some fine land with a good 
water supply will be available. 

Price River is a large tributary of Green Rjver draining a section of 
central Utah, and entering the main river about 15 miles above Blake. 
Little· irrigation is practiced within its drainage basin . 

.A. gaging station has been maintained at Blake, or Greenriver post
office, Utah, at the crossing of the Rio Grande Western Hailway, and 
is described in detail in Water-Supply and Irrigation Paper No. 16, 
p. 136. 
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The area drained by Green River, distributed by States, i~ as follows: 
Wyoming, 20,97.7 square. miles; Colorado, 10,332 square miles; Utah, 
15,91G square miles; total at its mouth, 4 7,225 square miles. 

Rating tablejo1· Oreen River at G1·ee.nriver, Wyom-ing, for 189'7, 

-~G.·l::e ll~J-;;:]Jt. Discharge. II -~ Discharge.;;;] 
:.:. :.:. Gage height. -------- --

Jan.l toM::w31.JJunel toDec.31. IJan.l to:May31. Juuel toDec.:n. 

'-------1---------1--------
1 

! 
Feet. 

0.9 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 

2. 4 I 
2.6 
2.8 

Second-feet. Second-feet. Feet. Second-feet. Second:feet. 

400 400 3. 4 1 7, 080 6) 240 
500 500 3. 6 7, 960 7, 200 
800 800 3. 8 8, 840 8, 160 

1, 120 1, 120 4. 0 9, 720 
1,-440 1, 440 4. 2 io, 6oo 
1, 760 1, 760 4. 4 11, 480 
2, 080 2, 080 4 6 .• , 12, 360 
2, 400 2, 400 4: 8 13, 240 
2, 850 21 800 5. 0 14, 120 
3, 600 . 3, 200 5. 2 15, 000 
4, 440 3, 650 5. 4 15, 880 

9,120 
10,080 
11,040 
12,000 
12,960 
13,920 

~-:~ __ ~ ___ :_:~-~-~~-----: __ ::_~-~~------~-:: __ ~--~-~-:~_!~~~-::_: __ ::::::::::1 

·Estintatell monthly discitar[Je of Green Rire1· at Gremirirm·, lVyoming. 

[Drainage area, 7,450 square mil!JS-] , 

r 
Discharge in second-feet. 

I 
Run-off. 

----- . -----

Month. 
Total in acre- Seronu-feet. :Maxi- Mini- Mean. Depth in "feet per 

mum. mum. inches. square 
mile. 

--- --- -----

I 189.7. 
I 

I .January ............ ---- •••••••• ! •••••••• a 1, 800 110,678 0.28 0.24 
I 

........ / ........ 
I 

February .. __ ...... a1, 900 105,520 0.27 0.26 

:March - -----. -... -- .. ............. .. ...... ---· a 1, 900 116,827 0.30 0.26 
I April 3,200 1,200 I, 958 . 116,509 0.29 0.26 .................................... 

}iay -....... --. -... 17,860 2,725 9,769 600,676 1. 51 1.3I 

June ............... 14,400 4,400 7,548 449, 136 1.13 1. 01 

.July--······· ...... 4,401J 1, 760 2,794 171;797 0:43 0.37 
: 

2,soo 640 1,~03 98,565 ·0.22 August ......... :._. 0.25 

Snptem ber ... - .. _ .. 
1 6-10 400 462 27,491 0.07 0.06 

October ...... ______ : l, 760 500 1,013 62,287 O.I6 0.14 
November .. ___ . ____ ~ 880 600 760 45,223 0.11 0.10 I December. ....... -l~ :_:_:_:_:_:_:_: a600 36,893 0.09 0.08· 

------ --- -

The year .. _.. . ..... _ _ . ___ . . . . 2, 676 I, 941,602 4.89 0.36 

, -
a Approximate. 
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Sec.-ft. 
24,000 H-+-+-+-+-t-+++HH-+++H-+-+--+-1-+-+++-H-+++-H-+-+--H 

22, ooo H-+-+-+-+-t-+-t-+HH-+++-H-+-+--+-1-1·-+++-H-+++-H-+-+--H 

20, ooo H-+-t--+-+-t-+++-HH-+++-H-+-+--+-1-+-+++-H-+++-H-+-+--H 

12,000 

10,000 

8,000 

6, 000 

4,000 

2, 000 

0 
a Approximate. 

FIG. 135.-Dischar~e of Green River at Greenriver, Wyoming, 1897. 

The following table gives the list of disc.harge measurements made 
on Green River at Blake, Utah. The principal facts are also shown in 
the accompanying figure (fig.136), in which vertical distances represent 
height of water on the gage and horizontal distances the quantity of 
discharge. The plotted points obtained by measurement are shown by 
the small circles, which are numbered to correspond with the figures 
in the left-hand column of the table. Near or through these is drawn 
a smooth curve, from which the values for the rating table have been 
obtained. 

List of discharge measurements 1nade on G-reen River at Blake, Utah. 

1 

2 

3 

4 

5 

Date. 

Oct. 21,1894 
June 30, 1895 
Sept. 29, 1895 
:Xov. 9,1896 
Apr. 21,1897 

~ 
May 22,1897 
Nov. 22,1897 

Meter 
Hydrographer. llUDl· 

ber. 

A. P. Davis---------- 22 
____ . do . _______ ...... 55 
___ •. do . _ ••••. _ .. _. __ , 55 

I 

C. C. Babb ··---· ---- 63 
. ___ . do _ .•... ___ ..... 70 
W. B. Dougall.·----- 7 
C.C.Babb . ..... -- -- .... 74 

Ga~e Area of Mean 
height. section. velocity. 

---------
Feet per 

Feet. Sq. feet. second. 

2.48 1,660 1.83 
5.80 3,397 4.43 
2.00 '1,423 1.40 
2.33 1,416 1.37 
4.88 2,556 3.20 

10. 10 5, 456 10.24 
2.80 1, 870 1.80 

Dis-
charge. 

---

Sec.-feet. 

3, 035 
15,065 
1, 938 
1,940 
8,175 

55,886 
3,373 
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Feet 

10 

9 

8 

7 

6 / 

/ 
~ 

GREEN RIVER. 

~ 
/"' 

v v 
v v 

/~ 
5 

4 v 
.;, 
(,J 

3 

2 

Gage 
height. 

Feet. 

1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 

I 2.6 
I 2.8 
l 

0 
0 
0 

aS 

0 
0 
0 

~ 

0 
0 
0 

~ 

0 
0 
0 

0 
c-. 

0 
g 
aS 
c-. 

g 
0 

C'l .., 
0 
0 
0 

~ 

0 
0 
0 
..; 
"<<t 

FIG.l36.-Rating curve for Blake station on Green River, Utah. 

·Rating table for Green River at Blake, Utah, for 1897 . . 

Discharge. Ga~e Discharge. Gage 
Discharge., Gafte 

heig 1t. height. heig t. 

---, 
Second-feet. Feet. Second-feet. Feet. Second-feet. j Feet. 

1,000 3.0 3,700 5.0 9,000 7.0 
1,080 3.2 4,120 5.2 10,200 7.5 
1,160 3.4 4,540 5.4 11,800 8.0 
1,250 3.6 4,960 5.6 13,700 8.5 
1,400 3.8 5,380 5.8 .15,600 9.0 
1,600 4.0 5,800 6.0 17,500 9.5 
2,020 4.2 6,220 

I 
6.2 19,400 10.0 

2,440 4.4 6,640 6.4 ·21,300 10.5 
2,860 4.6 7, 300 

I 
6.6 23,200 11.0 

3, 280 4.8 8,100 6.8 25,100 
I I 

397 

./ v 

0 
0 
0 

~ 

v 

Discharge. 

Second-feet. 

27,000 
31,750 
36,500 
41,250 
46,000 
50,750 
55,500 
60,250 

65,000 I 

6 

0 g 
:8 
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Estimated monthly discharge of Green Rivet at Blake, Utah. 

[DrainagE\ area, 38,200 square miles.] 

Discharge in second-feet. Run-~ 
I 

Month. 
l\laxi- II Mi11i- I .Mean. 

Tot~l in acre-
feet. 1 Depth in 

Second
feet per 
square mum. mtnu. inches. 
mile. 

1897. 

January-----------!--------'-------- a1,300 79,934, 0. 03 0. 03 

February----------'---------------- a1,500 83,306 1 
)larch ............. : ........•....... a 1, 700 104, 530 ' 

0. 04 0. 04 

0. 04 0. 04 

April. . _. _.. . . . . . . . . 20, 35(} 4, 750 9, 133 543, 452 0. 27 0. 24 I' 

:May ..............•. i 68,800 24,625 ( 51,531 3,168,517. 1.56 1.35 

June . _..... . . . . . . . . 60, 725 15, 125 34, 838 . 2, 073, 000 , 1. 01 0. 91 

.July . __ . _ ........ _. 13, 225 4, 540 7, 047 433, 306 0. 21 0. 18 ~· 

August.------------: 4,75012,440 3,788 232,917 0.12 0.10. 

September ......... / 11,000 2, 020 3, 682 219,094 : 0.11 0.10 I 
~ctobt?r·----··-----~1 

8,300 I 4,1:0 5,768 354,663) 0.17 0.15 
l'ovember .......... 4,12013,010 3,459 205,824) 0.10 0.09 

~- December --- -- -- -... 1 2, 860 1, 040 1, 456 80, 527 ! 0. 04 I 0. 04 i 
The year ..... ~~~~ 10, 434 I 7, 588, 070 3. 70 I 0. 27 -~ 

a Approximate. 

a Approximate. 

FIG.137.-Discharge of Green River at Blake, Utah, 1897. 
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GRAND RIVER. 

This tributary "of Colorado River drains an area of 22,294 square 
miles in Colorado, being 2L per cent of the total area of the State. It 
rises north of the central portion of the State, adjoining the Lea(l 
waters of the North and. South Platte and the Arkansas rivers. It 
receives its water supply from a long stretch of the western slope of 
the Rocky Mountains forming the continental. divide. A record of tlle 
gage heigllts of Grand River was kept for a short period in 1897 by 
the Denve.r and Rio Grande Railroad Company at Shoshone, 10 miles 

· east of Glenwood Springs and a short distance below the mouth of 
Eagle River. No discharge measureme-nts were made at the point 
however. This station is described in Water-Supply and Irrigation 
Paper No. 16, p. 137. 

The gaging station at Grand Junction has beeu maintained through
out the year, with resnlts as shown in the accompanying tables. This 
station is also described in Water-Supply and Irrigation PaperNo. 1G, 
p.137. 

The river at the gaging station discharges through two channels, 
and it bas been found necessary to rate these two channels separately 
iu order to get an "accurate record of daily discharge. Two sets ol' rod 
readings were maintained, known as records for rod No. 1 for the right 
channel, and for rod No. 2 for the left channel. To obtain the total 
discharge of the river the discharge for the two channels have been 
added. · 

The bluffs on Grand River, as well as those on the Gunnison, are from 
80 to 90 feet above tbe river. The section included between the two 
streams in the vicinity of Grand Junction is fairly level, and a portion 
of it is under cultivation. The water supply is furnished by a number 
of pumping plants, and those in successful operation at the present time 
are operated by water power. Several plants which depended on 
steam power have been abandoned, as it was found that the cost of 
operating them was greater than tlle returns from the products. The 
most successi"ul style of pump seems to ue the rotary type, when built 
solidly and fitted to the need of an irrigation plant. It will lift water 
to any height if the power is sufficient, in distinction from tlle ordinary 
ceutt~ifugal pump. The efficiency of the latter style rapidly decreases 
for lifts above 35 or 40 feet. Mr. Charles N. Uox has successfully irri
gated a considerable area with water pumped from Grand Hi ver. He 
has constructed a canal one-half mile long, giving him at the lower 
end a head of from 9 to 12 feet, accohliug to the stage of water in the 
river. The capacity of the canal is 1,000 second-feet. Th4if power is 
supplied by a 44-inch Victor turbine wheel, generating 10!) lwrsepower. 
Two pumps are in use, o~e a Smith-Vaile 1G by 18 inch piston pump 
and the ot~er a 14-inch Root's modified rotary pum-p. The capacity of 
each is 2,000 gallons per minute. The lift is 84 feet, and 400 acres of 
orchard laud were irrigated in 189G. Tlle macllinery for such a plant 
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as is here described costs about $5,000 outside of the expense of the 
construction of a canal. The labor of one man, and sometimes two 
men, is required to operate the plant. The annual cost under this sys
tem is from $1.25 to $1.75 per acre. 

Another plant near by uses two centrifugal pumps in tandem, with a 
total lift of 80 feet, so that each pump lifts water 40 feet. They are 
8-inch centrifugals, with a discharge pipe of the same size. On account 
of the friction, it would have been better to have used a 12-inch dis
charge pipe with an 8-inch pump. The canal for furnishing the power 
is two-thirds of a mile long and cost about $6,000. The machinery, 
consisting of two pumps, turbine wheels, connections, and piping, cost 
about $3,000. The discharge is 1,400 gallons per minute, sufficient to 
irrigate 2!0 acres. 

Rating table for G1·and River at Grand Junction, Colorado, for 1897. 

I Gage height. 

Discharge. Di>ehorge.:;;] 
Gage height. 

Right channel. Left channel. Right channel. Left channel. 

I 

Feet. Second-feet. . -~~~"!:~·: -~1 :Feet. Second-feet. Second-feet. 

0.0 0 4.2 9, 008 1,940 
0.1 15 I 4.4 9,649 2,200 
0.2 32 ·:.: ::~~ ~-J 4.6 10,290 2,500 
0.3 50 4.8 10,931 2,800 
0.4 70 5.0 11,571 3,200 
0.5 92 I 5.2 12,211 3,600 
0.6 114 ~~~~~~~~~~J 5.4 12,852 4, 050 

I 
0.7 137 ------ ------'I 5.6 13,492 4,550 
0.8 16.! 

1[ 
5.8 14,132 5,150 ------ .......... 

0.9 200 ...................... 6.0 .. ....................... 5,820 
1.0 250 il 6.2 6,628 .... -.............. --. 

II 
. ........................ 

1.2 370 ------------1: 6.4 ------------ 7, 456 
1.4 520 i! 6.6 -- .. --- .. -- .. - 8,284 
1.G 790 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Ji 6.8 ............. -- ... -.... 9,112 
1.8 1,317 .......................... 7.0 .. --- ... -- .......... 9,940 
2.0 1, 957 .... -- ... - . ----. 7.2 ---·-- .............. 10,768 
2.2 2,598 ---- .. - ........ --. 7.4 ........................ 11,596 
2.4 3, 239 .. .. -.. - ....... -...... 7.6 .. -- ........ -- .... 12,424 
2.6 3, S80 ........................ 7.8 ......................... 13,252 
2.8 4,521 900 8.0 ......................... 14,080 

I 3.0 5, 162 1,020 8.5 16,150 I . -........ - .......... --
3.2 5,803 1,150 9.0 ........ -........ --- .. 18,220 
3.4 6,444 1,280 9.5 .................... -- .. 20,290 
3.6 7,085 1,420 10.{} .. ----- ........ -..... 22,360 
3.8 7,726 1,560 10.5 ------ --.---1 24,430 
4.0 8,367 1, 720 11.0 ------------1 26,500 

-----------
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Estimated rnonthly discha1·ge of G1·and Rivm· at G'rand Junction, Col01·ado. 

[Drainage area, 8,644 square miles.] 

Discharge in second-feet. Run~ 
Month. Total in acre- Second-feet. Maxi- Mini- Mean. Depth in 

mum. mum. inches. 

---
1897. 

January·----· ..... ---- ............ .......... ........... a1, 000 61,488 0.14 
February ..... - .................. ............ ........... ......... .......... a1, 050 58,314 0.12 
March ..........•... ................... ................... a1, 100 67,637 0.15 
April ............................. 11,476 1,280 3,723 221,534 0.48 
May -........ -.... - ..... -.. -... 37,950 12,785 29,436 1,809,948 3.93 

June.~---·· ........ 37,008 15,618 25,350 1,508,429 3.27 
July ............... 15,606 3,400 8,830 542,935 1.18 
August ..........•.. 5,470 1,720 3,000 18.!,463 0.40 
September ......... 2,650 1, 64,0 1,803 107,286 0.23 
October .... ~ ....... 2,350 1, 560 1,813 111,478 0.24 

November ...... ---- 1,820 1,455 1,663 98,955 0.21 
December ....•..... -------- .................... a 1, 550 95,306 0.21 

------
The year ..... ................... .......... .......... 6, 693 4,867,773 10.56 

a Approximate. 

FIG. 138.-Discbarge of Grand River at Grand Junction, Colorado, 1897. 

19 GEOL, PT 4-26 

feet per 
square 
mile. 

0.12 
0.12 
0.13 
0. 43 
3.41 
2.93 
1. 02 
0. 35 
0. 21 
0.21 
0.19 
0.18 

0.78 
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UNCOMPAHGRE RIVER. 

In the following list are given tbe results of measurements of dis
charge of Uncompahgre River at Fort Crawford, most of these being 
shown graphically in fig. 139, in which vertical distances represent 
height of water and horizontal distances the discharge in cubic feet 

·per second. The points obtained by the discharge measurements do 
not lie along the path of any one curve, and indicate that the relation 
between gage height and discharge has not been permanent. Two 
curves have, therefore, been sketched, the lower being applicable from 
Aprill to June 8, the upper for the remainder of the year. 

List of discharge nwasurernents nwde on Uncompahgre River at Fort Crawjo1·d, Colorado; 

N Date. 

j--

1 

2 

3 

4 

5 

6 

7 

8 

a9 

10 
11 

12 
13 
14 

1895. 
June 24 _ 

Aug.27 .. 
Oct.8 ... 

1896. 
May 12 .. 
June 16 . 
July 20 .. 
Aug.23 .. 
Sept. 22 _ 

Oct. 20 .. 
1897. 

Apr.18 .. 
:May 10 .. 
June 21 . 
July 19 .. 
Aug.23 .. 
Sept. 20. 
Oct.18. _ ~ 

Meter Gage Hydrographer. num-
ber. height. 

-----

Feet. 

F. Cogswell ......... 55 4.00 
..... do .............. 14 3.20 
.... ~do ...... -- ....... -- .. -- ... 14 2.65 

..... do .............. 14 3.75 

..... do ·----- ....... ---- 14 3.45 

..... do------ ........ 14 3.15 

..... do .............. 14 2.60 

..... do .............. 14 2.75 

.. . . . do .............. 14 2.60 

..... do .............. 63 3.90 

..... do ... ---- -... - .... -- 63 4.55 

..... do ............................. 63 5.05 

- -- . -<lo ... - - - .. -. - . - . 63 4.50 
. .... do .............. 63 3.45 
. .... do .............. 63 3.85 
..... do .............. 63 4.00 

a Same as No.7. 

Area of Mean ve- Di•- I section. locity. ch~rge. 

Feet per 
Sq.feet. second. Sec. feet. 

104 4.90 512 
66 3.08 205 
36 2.24 81 

97 3.70 360 
78 3.72 290 
62 2.82 175 
36 1. 72 62 
41 2.07 85 
35 1. 80 63 

103 4.73 487 
156 5.67 884 
189 5.72 1,081 
119 3.97 473 
47 1. 49 70 
48 3.19 153 
54 3.61 195 
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FIG. 139.-Rating curve for Fort Crawford station, on Uncompahgre River, Colorado. 

Rating table for Uncornpahgre River at Fort Crawford, Colorado, for 1897. 

Discharge. Discharge. 

Gage height. 
.Apr. 1 to June 9 to 

I Gage he;ght. 
June 9 to 

June 8. Nov. 27. 
.Apr. 1 to 
June 8. Nov. 27. 

Feet. Second-feet. - Second-feet. Feet. SecQ11_.d-feet. -Second-feet. 

3.0 151 . -.- ... -... ----. 4.4 790 396 
3.2 200 ... --- .......... -........ 4-.6 913 583 
3.4 264 62 4.8 1,035 804 
3.6 344 95 o.o 1,158 1, 025 
3.8 435 138 5.2 1,281 1, 246 L.o 545 195 5.4 1, 403 1, 467 
4-.2 667 274 

I 
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Estimated monthly diBcharge of Uncompahgre .Riner at Fort Crawford, Colorado. 

[Drainage area, 497 square miles.] 

~Month. Discharge in second-feet. Run-g 

Total in acre- Second-
Maxi- Mini- feet. Depth in feet per Mean. mum. mum. inches. square 

mile. 

---
1897. 

January ....... ____ . ....... ---- ................. a100 6,149 0.23 0.20 
February ... _--· .... ...................... - ........... -- .. a150 8,314 0.31 0.30 
March .................................. ... ... ... .. ... -- .. I ................... a150 9,223 0.35 0.30 
ApriL ... --· ........ 790 141 391 23,267 0.88 0.79 
May .. _ .. _ . __ • _ .. __ . 1,158 575 823 50,604 1. 91 1. 66 
June ... ___ .. _ ... __ . 1,467 514 974 57,957 2.19 1.96 
.July __ .... _ . __ . ___ . 1, 412 151 529 32,527 1. 22 1. 06 
August ... ___ ... __ .. 274 55 137 8,424 0.32 0.28 
September .... ___ .. 274 55 146 8,688 0.32 0.29 
October .. __ ... ___ .. 360 138 204 12,544 0.47 0.41 
November __ ---· .... 179 95 126 7,498 0.28 0.25 

I December .. ________ --- ... -- ...... ....................... a100 6,149 0.23 

3 The year ..... ............... , ........ 319 231,344 8.71 0.64 

a Approximate. 

a Approximate. 

Fro. UO.-Discbarge of Uncompahgre River at Fort Crawford, Colorado, 1897. 

GUNNISON RIVER. 

This is the largest tributary of the Grand, and drains a section of 
country adjoining it on the south. The sources of the eastern tril~u
taries are also on the western slope of the continental divide. 

A record of heights of Gunnison River for a short period in 1897 
was kept by the Denvei; and Rio Grande Railroad Company at two 
points: First, at Roubideau station, at the railroad bridge 6 miles 
west of Delta, Colorado; second, at Whitewater station, 13 miles 
southeast of Grand Junction. Measurements of discharge were not 
made at either of these points. The regular Survey gaging station is 
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located at the highway bridge, 1 mile above its mouth, at Grand June· 
tion, Colorado, and is described in Water-Supply and Irrigation Paper 
No. 16, p. 137. 

Rating table for Chmnison River at Grand Junction, Colm·ado, 1897. 

Gage Discharge. Gage 
Discharge. I Gage Discharge. Gage Discharge. height. height. height. height. 

Feet. Second-feet. Feet. Second-feet. I Feet. Second-feet. Feet. Secondjeet. 

1.5 160 2.8 1,850 4.6 6,000 6.2 12,248 
1.6 230 3.0 2,210 4.8 6,640 6.4 13, 056 
1.7 330 3.2 2,600 5.0 7,4oq 6.6 13,864 
1.8 440 3.4 3,000 5.2 8,208 6.8 14-,672 
1.9 550 3.6 3,420 5.4 9,016 7.0 15, 480 
2.0 670 3.8 3, 860 5.6 9,824 7.5 17, 500 
2.2 930 4.0 4,320 5.8 10,632 8.0 19,520 

~ 
1,200 4.2 4,880 6.0 11,440 8.5 21,540 
1,510 4.4 5,370 6 

Estimated monthly discharge of Gunnison River at Grand J~mction, Colorado. 

[Drainage area, 7,935 square miles.] 

~Month 
Discharge in second-feet. Run~ 

Total in acre- Second-
Maxi- Mini- feet. Depth in· feet per Mean. mum. mum. inches. square 

mile. 

---
1897. 

May ............... 20,732 11,844 16,921 1,040,438 2.46 2.13 
June_ .......... -·--- 19,116 5, 370 11,161 664,124 1. 57 1. 41 
July ............... 5,370 1,510 3,231 198,668 0.47 0.41 
August ............. 1,850 160 975 59,951 0.14 0.12 
September ......... 1,510 160 628 37,369 0.09 0.08 
October ............ 2,020 1, 060 1,472 90,510 0.22 0.19 
No'vember .......... 1,200 230 933 55,517 0.13 0.12 

I 
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FIG.l41.-Discharge of Gunnison River at Grand Junction, Colorado, 1897. 

SAN MIGUEL RIVER. 

In the basin of the San Miguel irrigation is practiced to a consid
erable extent, but mainly by small private ditches. A gaging station 
has been maintained on the San Miguel at Fall Creek, near Sawpit. 
This is described in Water-Supply and Irrigation Paper No. 16, 
p.142. 

Rati'n.g table for San Miguel Rivet at Fall Creek, Colorado, 1897. 

Ga"'e Discharge. Gage Discharge. Gage Discharge. Gage ~···~ ... j heig'ht. height. height. height. 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

2.3 57 3.0 177 3.7 388 4.4 792 
2.4 68 3.1 201 3.8 433 4.5 860 
2.5 81 3.2 228 3.9 480 4.6 928 
2.6 95 3.3 258 4.0 531 4.7 997 
2.7 113 3.4 288 4.1 587 

lE_ 132 3.5 319 4-.2 655 
154 I 3.6 352 

I 
4.3 723 9 
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Estimated monthly discharge of San Miguel. Rivm· at Fall Ct·eek, Colm·ado. 

[Drainage area, 327 square miles.] 

~Month Discharge in second-feet. Run~ 

I 
Total in acre- Second-

Maxi- Mini- feet. Depth in feet]Jer 
mum. mum. Mean. inches. square 

mile. 

---
1897. 

January ........................... .......... -·-· ... ...... - ...... - .. a60 3, 689 0.21 0.18 
February ........................ ......... .......... .......... .......... a60 3, 332 0.19 0.18 
March ... __ ... ___ .. ..................... ..................... a60 3, 689 0.21 0. 18 
April . ---- ... -- ...... - ......... 433 52 213 12,674 0.72 0.65 
May ............ - .. ----- -........ 962 369 626 38,491 2.20 1. 91 

June .... ----------· 997 50..1 774 46,056 2.64 2.37 
July ......... ______ 621 243 375 23,058 1.33 1.15 
August -----. -......... -... 288 122 183 11,232 0.64 0.56 
September ... ____ .. 304 132 215 12,793 0.73 0. 66 
October .. __ .... ____ 273 

I 
122 184 11,314 0.64 0.56 

November . _____ .. __ 132 62 96 5,712 0.32 0.29 

December---------- -- ...... - ...... . --- ......... a75 4, 612 0.26 

-jjJ ------
The year~---- .................... ........... ---- 243 176,672 10.09 0.74 

a Approximate. 

~~~'t,· f0Es0_ ~A~~,H A~~·J-_ ~A';, j~N~ J~~~ ,'Qu.<0 ~~~~ :~c~ 0 :~o~ 0 1 ~E~ 0 
See~-~ft 
21 vv 

1, '"'' 

a Approximate. 

F19. 142.-Discharge of San Miguel River at Fall Creek, Colorado, 1897. 

DOLORES RIVER. 

Dolores River is the last important tributary of Grand River. It has 
its source in the La Plata and San Miguel Mountains and :flows in a 
northwest direction, crossing the State line into Utah, where it shortly 
enters the Grand. Two gaging stations have been maintained within 
the basin, one near Sawpit at Fall Creek, on the San Miguel, already 
mentioned, and the other on the Dolores, at the town of Dolores. The 
station on the Dolores is described in Water-Supply and Irrigation 
Paper No.16, p. 143. From Dolores River, besides the smaller ditches 
for irrigating purposes, there are also taken out one or two of larger 
dimensions, especially in the vicinity of Dolores. One system takes 
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water from the left side of the river in two directions, the lower branch 
irrigating lands to the northwest. The canal from the left bank shortly 
enters the ridge forming the divide between the Dolores and the head 
waters of certain tributaries of the San Juan and irrigates lands in the 
vicinity of Cortez, in the drainage basin of the latter stream. 

Bating table for Dolo1·es River at Dolo1·es, Colorado, 1897. 

Gage Discharge. Gage Discharge. Gage 
1 

Discharge. I Gaie Discharge. height. height. height. I heig t. 
I --- ·---- -

Feet. Second feet. Feet. Second-feet. Feet. Second-feet. Feet. Second feet. 

2.6 76 I 3.4 462 4.1 1,026 4.8 1, 726 ! 
2.7 108 3.5 534 4.2 1, 120 4.9 1, 832 

I 

2.8 145 3.6 608 4.3 1, 216 5.0 1, 938 
I 

2.9 186 3.7 688 4.4 1,312 I 5.2 2,150 
3.0 235 3.8 768 4.5 1,408 5.4 2,362 
3.1 286 3.9 852 4.6 1,514 5.6 2,574 
3.2 338 4.0 938 4.7 1,620 5.8 2,785 

I 3.3 396 

Estimated monthly discha1·ge of Dolores Birer at Dol01·es, Col01·ado. 

[Drainage area, 562 square miles.] 

~Month. Discharge in second-feet. Run-off. 

Total in acre- Second· 
Maxi- Mini- feet. Depth in feet per Mean. mum. mum. inches. square 

mile. 

---

1897. 
January. __ . _ ....... -....... -.. - -------- a200 1 12,298 0.42 0.36 
February ------ -- .... -------- ............... a200 11, 107 o.37 I 0.36 

I 

March ... ___ ....... 

··:::~r~:::· 
a200; 12,298 0.42' 0.36 

April ·----· ________ 1, 483 1 
88,244 2.94 2.64 

May ...•.•• _ ...... _ 2, 436 j 149,785 I 5.00 4.33 
I 

J nne _ . _ ............ 2,521 570 1 1, 465 87,173 • 2.91 2.61 
July .. ___ .. _ ....... 608 186 ' 368 22,628 0.75 0.65 
August ... _ ......... 235 76 148 9,100 0.30 0.26 
September ..... ---- 852 76 394 23, 445 0.78 0.70 
October ........... -~ 570 235 391 24,042 0.81 0.70 
November----·----- 235 108 172 10,235 0.35 0.31 

December. ........ l............... a 120 ; 7,379 0.24 i 0.21 

Theyear ..... -==~-==~~~ 457,734 15.291 1.12 
I I ~ .. 

a Approximate. 
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FIG. 143.-Discharge of Dolores River at Dolores, Colorado, 1897. 

SAN JUAN RIVER. 

The tributaries of San Juan River drain the southwestern corner of 
Colorado and have a general southerly course, crossing the State line 
into New Mexico, where they join the main river, which thence has a 
westerly course through New Mexico and into Utah, where the river 
enters the Colorado in the Grand Canyon region. The gaging stations 
maintained in this basin are as follows: Arboles station, on the San 
Juan River, a short distance above the mouth of Piedra River; Arboles 
station,on Piedra River, a short distance above its mouth; and Durango 
station, on Animas River. The field work at these stations in 1897 is 
described in Water-Supply and Irrigation Paper No. 16, pp. 144, 145, 
and 146, respectively. 

Gage 
height. 

Feet. 

5.7 
5.8 
5.9 
6.0 
6.1 
6.2 

lE_ 4 

Rating table for San Juan River at Arboles, Colm·ado, 1897. 

I 

Discharge. Gage 
height. Discharge. Gage 

height. ' Discharge. Ga~e 
heig t. 

Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. 

182 6.5 478 7.3 1,135 8.2 
208 6.6 534 7.4 1,260 8.4 
234 6.7 596 7.5 1,400 8.6 
263 6.8 664 7.6 1,546 8.8 
300 6.9 738 7.7 1,693 9.0 
340 7.0 820 7.8 1, 841 9.5 
382 7.1 915 7.9 1,998 
428 

I 
7.2 1, 020 8.0 2,136 

I II 

Dioohargo., 
-
Se cond-jeet. 

2,431 
2,726 
3,022 
3,316 
3~612 

4,349 

_j 
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Estimated monthly clischarg~ of San Juan River at Arboles, Colomdo. 

[Drainage area, 1,394 square miles.] 

~lionth. 
Discharge in second-feet .. 

I 

I 
I I Total in acre-

Maxi- Mini-
~lean. 

I feet. 
IDUlll. mum. 

1 ----,---Run-~ ~I 
Depth in feet per 
inches. square 

mile. 

--- --.-i 
1897. 

a200 I January_---- ............... ......... ........... .. .................. 12,298 0.16 0.14 
Fe uruary ..... _ .......... .................. -------- a200 11,107 0.15 0.14 
March ...... _ ................ ...................... .. ................. a 300 18,446. 0.24 0.21 

April---- ...... ---- 3,464 478 1, 987 118, 234 1. 58 1. 42 
May ....... ........... .......... 4,423 2,431 3,393 208,629 2.80 2.43 
June.---- .......... 3, 759 1,020 2, 311 137,513 1. 85 1. 66 
July __ .... __ ....... 1,328 340 685 42,119 

August.------ ...... 404 182 303 18,631 
September ......... 1,998 182 607 36, 119 

o. 56 I 0.49 
0. 25 : 0.22 

0.49 : 0.44 
October ............ 2,210 478 1,019 62,656 0.84 0.73 
November .......... 534 300 396 23,564 0.31 0.28 [embe•· ---------- ..................... ...................... a300 18,446 

The year ...... ,~~~ 975 707,762 I~ §j 9.47 0 

a Approximate. 

Sec.-ft. 
6,ooo~-+-4-+-r4-+-~~-+-+-r~~+-~-+-r-r;-+-+-r-~-+-r~,_+-r4-4-i 

5,500~-+-;-+-r;-+-~r;-+-+-r~~+-~-+-r-r;-+-+-r-~-+-r~,_+-r4-+-i 

4,500~-+-;-+-r4-+-~r;-+-+-r~;-+-~-+-r-r;-+-+-~r;-+-r;-,_+-r4-+-i 

a Approximate. 

FIG. 14~.-Discharge of San Juan River at Arboles, Colorado, 1897. 
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PIEDRA RIVER.· 

The following table gives the list of discharge measurements made on 
Piedra River· at .Arboles, Colorado. The principal facts are also shown 
in the accompanying figure (fig. 145), in which vertical distances repre
sent height of water on the gage and horizontal distances the quantity of 
discharge. The plotted points obtained by measurement are shown by 
the small circles, which are numbered to correspond with the figures 
in the left-hand column of the table. Near or through these is drawn 
a smooth curve, from which the values for the rating table have been. 
obtained. 

List of discharge measu1·ernents ntade on Pied1·a River at Arboles, Colorado. 

ND•W Meter 
Gafte Area of Mean Dis-Hydrographer. num- heig t. section. velocity. charge. ber. 

--------------

1896. Feet. Sq.jeet. 
Feet per 
second. Sec.-feet. 

1 May 18 F. Cogswell .......... 14 3.90 182 2.99 544 
2 June 20 ..... do .............. 14 2.90 90 1. 21 109 
3 July 24 ..... do .............. 14 3.05 107 1.77 189 
4 Sept. 27 ..... do .............. 14 3.70 161 2.51 405 
5 Oct. 25 ..... do .............. 14 3.00 104 1.72 179 

1897. 
6 Apr. 24 ..... do .............. 63 5.20 317 4.51 1, 429 
7 May 15 ..... do .............. 63 5.65 352 4.63 1, 629 
8 June 26 ..... do .............. 63 4.20 212 3.19 677 
9 July 24 ..... do .............. 63 3.10 104 2.21 230 

10 Aug. 2.8 ..... do .............. 63 2.60 62 1.05 65 
11 Sept. 25 ..... do .............. 63 4.15 202 3.34 _Ej 12 Oct. 23 ..... do .............. 63 4.00 181 3.24 6 
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FIG. 145.-Rating curve for Arboles station on Piedra River, Colorado. -

Rat,ing table for .Piedra River at ..t.h·boles, Colorado, for 1897. 

Discharge. Gafte 
heig t. Discharge. 

Second-feet. Feet. Second.j eet. 

68 3.4 324 
96 3.5 364 

124 3.6 404 
152 3.7 445 
183 3.8 487 
215 3.9 534 
249 4.0 585 
286 4.1 637 

I 

Gage 
height. Discharge, 

Feet. Second-feet. 

4.2 694 
4.3 764 
4.4 833 
4.5 903 
4.6 972 
4.7 1,042 
4.8 1,112 
4.9 1,181 

Gafte 
heig t. 

Feet. 

5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.5 

D 

1-

;,ch~ge.j 

Se cond.jeet. 

1,251 
1,390 
1,529 
1, 668 
1,807 
1, 946 
2,294 
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Est·imated monthly discharge of Piedra River at Arboles, Colorado. 

[Drainage area, 650 square miles.] 

~Month. Discharge in second-feet. 

Ma.xi-
mum. 

1897. 
January ....•...••. . -..... -- .. 
February .......... ---- . ---
March .....•.•••... .. --. ----
April -------------· 2,190 
May ............... 2,398 
June ............••. 2,051 
July ...••.......... 585 
August ............. 168 
September ......... 799 
October .......•.•.. 1,'172 
November .....•.••. 364 
December .......... -- ...... ----

---
The year ....... ---- --- ... 

2, 000 H-+-+-+--l--l--1f-t-+-t.&7 

1, 500 H-+-+-+--l--l--1f-t-+-

1, 000 H-+-+-+--l--l--1f-t-+-

500 1-4-+-+-+--+-f--l-+-0 ___ .. __ 

Mini- Mean. mum. 

---

... ... -- -.-. a150 

---- ---- a150 

---- --.- a200 

344 . 1,460 
1, 703 2,025 

487 1,189' 
152 296 

68 106 
68 399 

364 840 
183 241 

---- --- ... a200 
---
---. ---·I 605 

a Approximate. 

a Approximate. 

Total in acre-
feet. 

9,223 
8, 331 

12,298 
86,876 

124,513 
70,750 
18,200 
6,518 

23,742 
51,650 
14,340 
12,298 

468,999 

R=g 
Second-

Depth in feet per 
inches. square 

mile. 

0.26 0.23 
0.24 0.23 
0.36 0.31 
2.51 2.25 
3.60 3.12 
2.04 1. 83 
0.53 0.46 
0.18 0.16 
0.68 0.61 
1. 49 1. 29 
0.41 0.37 
0.36 

'jij 12.66 0.93 

FIG. 146.-Discharge of Piedra River at Arboles, Colorado, 1897. 
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ANIMAS RIVER. 

Rating table fm· Animas R!ver at D1wango, Colorado, for 1897. 

Gafte 
heig t. Discharge. Ga~e 

heig t. Discharge. I Ga~e heig t. Discharge. Gage 
height. Discharge. 

Feet. Second-feet. Feet. Second-feet. I Feet. Second-feet. Feet. Second-feet. 

4.9 230 5.9 780 6.9 1,500 7.9 2,500 
5.0 275 6.0 840 7.0 1,580 8.0 2,620 
5.1 325 6.1 900 7.1 1,670 8.2 2,900 
5.2 375 6.2 970 7.2 1,760 8.4 3,225 
5.3 425 6.3 1, 040 7.3 1,850 8.6 3,580 
5.4 . 480 6.4 1,110 7.4 1,950 8.8 3,970 
5.5 540 6.5 1,180 7.5 2,050 9.0 4,370 
5.6 600 6.6 1,260 7.6 2,150. 9.5 5, 370 
5.7 660 6.7 1,340 7.7 2,260 10.0 6,370 
5.8 720 6.8 1,420 7.8 2,380 

Estimated monthly dischm·ge of Anintas River at Durango, Colorado. 

[Drainage area, 812 square miles.] 

Discharge in second-feet. Run-off. 

I 
···- ·-· . -

Month. Total.in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

---
1897. 

January ........... ..... ---- ---. -- ... a310 19, 061 0.44 0.38 
February .. --- ............. ---- . -.... .. .. -- ......... a284 15,773 0.36 0.35 
March - .... -..... - .. ---- .. -- ....... -- .. .. -....... --- a374 22,997 0.53 0.46 
April ----- ... -- .. -.. -.. 4,770 690 2,608 155, 186 3.58 3.21 
May ------ .. ---- --·- 5,870 3,400 4,498 276,573 6.40 5.54 
June ............... 5,170 1,715 3,218 191,484 4.42 3.96 
July ................ 1,715 660 1,120 68,867 1.59 1.38 
August ............. 780 325 534 32,835 0.76 

.. 
0.66 

September. ____ .... 1,340 275 875 52,066 1. 20 1.08 
October ............ 2,205 780 1, 385 85, 160 1. 97 1.71 
November ...... ____ 720 375 553 32,905 0.75 0.68 
December ... _ ...... -- ..... --- .. --- ... -- .. a430 26,440 0.61 0.53 

------
The year ....... ---- -.. -. -------- 1, 3491 979,347 22.61 1.66 

a Approximate. 
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FIG. 147.-Discharge of Animas River at Durango, Colorado, 1897. 

GILA RIVER. 

The gaging station on this river is located at the Buttes, 16 miles 
above Florence, .Arizona, at the mouth of the canyon. The river above 
here flows through a mountainous country, the valley widening in 
places to bottoms of considerable width. On leaving the Bi1ttes, Gila 
River debouches upon a broad valley or desert, ~nd thence continues 
its course westerly to its junction with the Colorado at Yuma. 

The section at the gaging station is sandy and liable to change at 
every high water. On this account the ordinary method of rating the 
river by taking a few discharge measurements at various gage heights 
and from these constructing a curve is not applicable. A large number 
of discharge measurements should be made at intervals of one, two, 
or three days apart. When these are plotted, it appears as though 
it would be impossible to construct a rating curve from them on account 
of their great variation. If the gage heights are studied, however, in 
connection with the discharge measurements, a number of curves can 
be constructed in which the discharges generally fall into line. 

The first measurement of the year at the gaging station was made 
on January 1, and from then until September 7 the river shows no 
decided change in the bed. The rating curve applicable from January 
1 to September 7, 1897, inclusive, is based on 42 discharge measure
ments. September 8 the river rose to a gage height of 7 feet. The 
measurement on that day and on September 13 shows a modification 
of the channel, and a separate curve for this perioQ. of six days has 
been made. On September 15 a discharge measurement was made 
showing another modification. The measurements during the rest of 
the season, that is, those on September 23 and 28, and on October 10 
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and 24, give a fairly regular curve, from _wbicb a table has been con
structed, applicable from September 14 to October 24, when observa
tions of gage height were discontinued. 

The description of this station, together with a list of discharge 
measurements and table of gage heights, is given in Water-Supply and 
Irrigation Paper No. 16, p. 147. Forty-nine discharge measurements 
were made in all. The bench mark consists of a cross with the letters 
"B.M. U.S.G.S." chiseled in a rock 4 feet above ground and 90 feet south 
of cable support and in line with the two supports. Its elevation 
above sea level is 1,605.6 feet. The gage rod is N. 34° 45' W., 418 feet 
from the bench mark, and on the opposite side of the river. The eleva
tion of zero is 1,583.0 feet or 22.6 feet below the bench mark. 

Rating table for Gila Ri.ver at Buttes, Arizona, jm· 1897. 

I Gage heigh< 

I 
Discharge. macharge. ;;1 

Gage height. 
Jan. 1 to 

1 
Sept. 14 to Jan.l to Sept.14 to 

Sept. 7. Oct. 24. Sept. 7. Oct. 24. I 
Feet. Second-feet. Second-feet. Feet. Secondjeet. Secondjeet. 

1.2 0 ~- .. -..... -- --- ... 3.2 1,190 1, 360 
1.4 41 ---- .. - .... -- ... - .. 3.4 1,450 1,600 
1.6 83 .. - ............... -.. -~ 3.6 1, 710 1,850 
1.8 130 ~ .... -.. - ... - -...... 3.8 1,970 2,240 
2.0 215 520 4.0 2,230 2,600 
2.2 360 630 4.5 2,880 3,500 
2.4 520 740 5.0 3,530 4,400 LJ.6 680 850 5.5 4,180 5,300 
2.8 840 960 

il 
6.0 4,830 1 ...... -----·-

3.0 1, 000 1, 120 

Estin~ated monthly dischm·ge of Gila Riner at Buttes, Arizona. 

[Drainage area.. 13,750 square miles.] 

~Month. 
Discharge in second-feet. Run-~ 

Total in acre- I Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

------
I 

1897. 
January ....... ____ 4,310 400 I, 286 79,074 0.108 0.094 
February ---------- 1,580 560 883 49,039 0.066 0.064 
March . _ .... ___ .. __ 920 520 702 43,165 0.059 0.051 
April ....... __ .. __ . 800 520 694 41,296 0.056 0.050 
May ............... 440 94 224 13,773 0.018 0.016 
June ............... 83 20 52 3,094 0.004 0.004 
July - - - - - . - . - - - . : - - 2, 360 0 565 34,741 0.047 0.041 
August _ ............ 3,270 160 799 49,129 0.0671 0.058 
September. ____ ---- 5,590 106 2,371 141,084 0.192 0.172 
October ............ - ............... - ... ............... a800 49, 190 0.067 0.058 

a Approximate. 
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Sec.-ft. 
12, ooo H-+-t-~r+-t-HI-+-+-+--+-+-+-+--1-11-+-+-+--H-+-+-+-H-+-+-H--+-+-~ 

11, 000 H-+-t-~H--t-HI-+-+-+--t-+-+-+--Hf-+-f-+--H--+-+-+-1-+++-+-1--+-+-+---f 

10, ooo t-+-t--t--H-+-t-H-+-t--t-H-++--H-+-t--t-H-+-t-+--1H-I-+-H-++-H 

9, ooo t-+-t--t--H-+-t-Hrl--t--t-H-++--H-+-t-+-H-+-t-+--1H-I-+-H++-H 

8, ooo H-+-t-~H--t-HI-+-+-+-+-+--+--+-+-I-I--f-+-H-+-+-+---1H-+--+-H-+--+--1-4 

7, ooo t-+-t--t-hl-+-f-t--1H--+-+-H-+-+-+-lf-+-+-+-H-+-+-+-H-+-+-+-l--+--l--~ 

6, ooo H--t--t--H:-t--t-H-++-t-H-t+-H-t-++-H-+++-lH++-H--+-+-+--t 

5, ooo t-+-t-++-lrl--t-H-+-t-+-H-++--H-+-t-+-H-+-lhlHH-1-4-H-+-+-~ 
~~ t 

:::1--+rt~l-t-t-t--t--.:-l-t-H--+-+--+--l----+-... +-+ ..... +-H __ jw:~~~ll!' ''Q"".fi ... , •. CI)FfDI 

FIG.148.-Discharge.of Gila River at Buttes, Arizona, 1897. 

QUEEN CREEK. 

This creek is a small tributary of Gila River, rising in the mountains 
to the east of Silver King mining camp, 40. miles north of Florence, 
Arizona. .After leaving the mountains a short distance be~ow Whit
low's ranch the creek ordinarily loses itself in the desert north of the 
Gila Reservation. In times of extremely high and protracted floods the 
waters of this creek reach Gila River below the range known as Saca
ton Hills. .A detailed study of the discharge of this creek was made 
in connection with the surveys for the water supply for Gila River 
Indian Reservation, made by this Survey in 1896. Discharge measure
ments were made in 1897 during the months of January, February, and 
March, as shown by the accompanying list. The station was discon
tinued in April, 1897. 

List of discharge measurements made on Queen C1·eek, at Whitlow's, .Arizona. 

Meter 
Ga!i.e Area of Mean ve- I 

Date. Hydrographer. nnm- heig t. section. locity. Discharge. 
ber. 

1897. 
Feet per 

Second-feet. Feet. Square feet. second. 

Jan. 2 W. Richins .... _. (a) 0.30 0.96 1.12 1. 1 

Jan. 9 ·--·.do -·--·- --·- (a) 0.30 0.96 1.00 0.9 

Jan. 11 .. __ .do ...... ---- (a) 3.80 354 10.00 3,536 

Jan. 12 ..... do-·--·- .... 69 0.10 3.1 1.18 3.7 

Jan. 13 • ~ ... do _ .. _ ..•... 69 1. 951 177 7.36 1, 300 

L 
Do __ . ..... do-·--·--·-- 69 0.70 58 4.48 260 _j I 

a Floats. 

19 GEOL, PT 4--27 . 
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List of d·iscllarge measurements made on Q1teen Creek, at Whitlow's, A1·izona-Continued. 

Date. 

1897. 

Jan. 

.Jan. 

. Jan. 

.Jan. 

.Jan. 

Hydrographer. 

14 \V. Richins ..... ·I 
15 ..... do ........ .. 

19 
1 
..... do ......... . 

:~ [ ~ ~ ~ ~: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
Do ........ do ...... ----

.Tau. 31 ( ..... do ......... . 

TJo ..• , ••• _ . do ....... _ .. 

1<--.eb. 2 ..... do ......... . 

Feb. 6 ! ..... do ........ .. 

Feb. 13j ..... do .......... l 

Feb. 20 ;-----do ........ .. 

Feb. 21 ..... do ........ .. 

Do ........ do ......... . 
I 

Feb. 22 ..... do ........ .. 

Do . . . . ... ~do .... _ ..... ' 

Feb. 25 ..... do .......... , 

Feb. 27 .... ~do .......... . 

Mar. 4 .... -~~o ........ .. 
Do . _ . . . __ . do ...... ___ . 

Mar. 5 ..... do ........ .. 
Do . _ . _ ... do ..... ___ •. 

Mar. 6 .... do ........ .. 

Mar. 8 .... do ........ .. 

Mar. 13 .... do ......... . 

Mar. 

Mar. 

Apr. 

Apr. 

20 ..... do ......... . 

27 ~-----dO ......... . 

3~---· .do ......... . 

6 ..... do·----· ... . 

Meter 
num
ber. 

Gage 
heigbt. 

Feet. 

69 ···-·· .... 
69 2, 40 I 

69 ..... ·---· 

69 .... ··---· 
69 0.80 
69 0. 40 
69 0.10 

69 
69 

69 I 

69 
69 
69 

69 I 
69 I 

69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 
69 

I 

0.05 
0.10 
0. 10 
0.15 I 

-0.15 

0.70 l 
0.60 I 
0.50 
0.40 
0.20 

0.15 
0.70 
0.70 
0.40 
0.33 
0.25 
0.10 
0.07 

0.07 
0.07 
0.07 
0.07 

SALT RIVER. 

Area of 
section. 

Sqttarejeet. 

2.35 
2.24 
4.35 
3.98 

0.48 
29 

16 
11 

4.42 

3. 61 I 
3. 41 I 
3.47 

41 
33 

23 
10 
6.32 
4.56 

49 
40 
19.8 
16 
14.1 
7.1 
5.06 
5.58 
5.1 
5.5 
5.2 

Mean ve
loCity. Discharge. I 

• 

Feet per 
second. Second-feet. 

1. 20 2. 8 

7. 91 11,779 
1. 66 ' 7. 2 
1. 32 1 5, 2 

3. 84 I 185 
3. 81 1 109 

1. 23 I 29 

26 
7.3 
6.3 
5.6 
5.7 

123 
79 

52 
18 

8.7 
6.5 

167 
134 

52 

38 

26 
11 

7.3 
7.5 
7.2 

I 

2.45 
1. 65 : 
1. 73 
l. 64 
1. 63 
3.00 
2.38 
2.29 
1. 80 
1. 37 

1.43 
3.41 

3.34 
2.63 
2.46 

1. 88 
1. 57 
1.44 

1. 35 I 

1. 40 I 
1. 30 i 

I 

1.19 I 
I J~ I 

Salt River is the principal tributary of the Gila. Two stations were 
established in its basin in 1897. The field work at these stations is 
published in Water-Supply and Irrigation Paper No. 16, pp. 148-150, 
inclusive. McDowell station, on Salt River, located half a mile above 
the mouth of the Verde and 30 miles northeast of Phamix, was estab
lished April 20, 1897. The first discharge measurement on Salt River 
was made April 21 at a gage height of 13.30 feet. The river steadily 
fell from this date, with a few minor fluctuation~, until August 12. 
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Twenty-nine discharge measurements were made during this period, 
anc.l the figures in the first column of discharges, applicable from April 
20 to August 11, 1897, inclusive, are based on these measurements 
and give a very good curve. August 12 the river rose slightly: and 
measurement No. 30, on August 15, shows a change in the channel, the 
measured discharge being less than in the :first column of discharges. 
Measurement No. 31 is comparable with the last measurement. Sep
tember 11 the river rose to a height of 12~73 feet. September 13 a dis
charge measurement, No. 32, was made, showing a decided change in 
the channel. The river then fell until September 21, and the second 
column of discharges, based on measurements Nos. 30-32, inclusive, is 
applicable from .August 12 to September 21, inclusive. September 22 
the river rose, and measurement No. 33 shows a scouring of the chan
nel. The third column of-discharges is based on measurements Nos. 33 
and 34, a~d is applicable from September 22 to October 30, 1897, inclu
sive. Five discharge measurements were made during the remainder 
of the year at practically the same gage height. They show, however, 
a gradual diminution in amount, proving a filling in of the channel. 
The daily discharges for November and December were not taken from 
the table, but were averaged between the five discharge measurements 
on October 31, November 21 and 28, and December l9 and 27. The 
measurements at this point and on the Verde were made by Mr. W. A. 
Farish. 

'··· I h~i~bt. 

Feet. 

9.2 
9.3 
9.4 
-9.5 

9.6 
9.7 
9.8 
9.9 

10.0 
10. 1 
10.2 
10.3 
10.4 
10.5 
10.6 

~ 

" Rating table jm· Salt Ri11e1· at McDowell, .Lb·,izona, for 1897. 

Discharge. Discharge. 

Sept. 22 to I Ga~ 
Apr. 20 to Aug. 12 to Sept. 22 to heig t. Apr.2o to Aug. 12 to 
Aug.ll. Sept. 21. Oct. 30. Aug.ll. Sept.21. Oct. 30. 

Sec.-feet. Sec.-feet. Sec.-feet. Feet. Sec.-feet. Sec.-feet. Sec.-feet. 

. - ............. - .. . -- ... - .. -- .... ........................ 10.9 1,110 630 800 
55 . -- .. -- .. - .... .............. ---- 11.0 1,200 660 850 

110 ........................ ... .. ... -...... -.... 11.2 1,380 720 950 
165 . -- .. -... -- .. ....................... 11.4 1, 560 780 1,050 
220 -- ..... -.. --. ----------1 11.6 1, 740 840 1,150 
275 . ----. --- .. .......... 1 11.8 1, 920 900 1, 250 
330 300 ........................ 12.0 2,100 960 1,350 
385 330 300 12.2 2,410 1, 020 ................. --·-
440 360 350 12.4 2,720 1, 080 -.......... - ........ 

495 390 400 12.6 3,030 1,140 ..................... 

550 420 450 12.8 3,340 1, 200 -----·----
605 450 500 13.0 3, 650 ........................ . --- ... - -.. --
675 480 550 13.2 3,960 . --- ..... -- .... .. ---- .. - ........ 

750 510 600 13.4 4,270 ...... -............... -.. .. -... --- - ....... 

840 540 650 13.6 4,580 ........... -........... -- ...... -... - .... -
930 570 700 13.8 4,890 1-----. ---_I_----- ----

1,020 600 750 i 14.0 5,200 I I 
------ ---·:·--------·1 

i I ~ I _; 
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Estimated rnonthly discharge of Salt River at McDowell, Arizona. 

[Drainage area, 6,260 square miles.] 

IM=th. 
Discharge in second·feet. Rnn·g 

Total in acre· Second-feet. Maxi- Mini- Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

---
1897. 

April 20-30 ......... 4,580 2,100 3,051 66,566 0.20 0.49 
May ............... 2,010 640 1,172 72,064 0.22 0.19 
June ............... 640 193 385 22,909 0.07 0.06 
July ............... 303 83 176 10,822 0.03 0.03 
August ............. 795 165 431 26,501 0.08 0.07 
September ......... 1,350 360 716 42,605 0.12 0.11 
October ............ 1, 075 300 584 35,909 0.10 0.09 

I 
November .. -.. ---- 305 270 287 17,078 0.06 0.05 
December .......... 307 264 284 17,463 0.06 0.05 

VERDE RIVER. 

·McDowell station, on Verde River, located half a mile above its 
mouth and 30 miles northeast of Phamix, was established April 20, 
1897. The station is equipped with cable, car, and tagged wire. 
This section, as well as that on Salt River at McDowell station, is 
similar to the one on Gila River-sandy and liable to change during a 
slight rise-and a similar method is employed in estimating the daily 
discharge; that is, a large number of measurements are taken and 
studied in connection with the gage heights. The first discharge 
measurement on Verde River was made April21. From that date the 
river steadily fell, and the first column of discharges is based on 

-measurements Nos. 1-28, inclusive, and is applicable from April 20 to 
August 12. August 11 the gage read 7.72 feet. On August 12 the 
river rose to 9 feet, presumably in its original channel. The next 
measurement, No. 29, is so large as to fall outside the rating curve. 
The bed of the river evidently changed during the last freshet, 
scouring out, and therefore the same gage height indicates a larger 
discharge. The second column of discharges is based on the dis
charge at 9 feet in the first column and discharge measurement No. 
29. The river fluctuated in this channel until August 23, when it was 
at a gage height of 7.9 feet. The next day it rose, and the next 
measurement, No. 30, was on August 29. This shows a decided change 
in the channel. The discharge, 440 second-feet, is much smaller than 
that given in the table, the latter being 965 second-feet. The third 
column of discharges is therefore based on this measurement and on the 
discharge at gage height 7.90 feet in the second column of discharges. 
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Presumably the river fluctuated in this last channel until September 8, 
when it rose again, reaching a height on ·September 11 of 12 feet. A 
discharge measurement was not made, however, until September 13, 
at gage height 9.35 and discharge 1,949 second-feet. This measure
ment, No. 31, is the controlling point for the third column of dis
charges, which is applicable from September 8 to 14. This flood also 
modified the channel as shown by measurement No. 32 on September 
26, and the new rating table, or the fifth column of discharges, is based 
on measurements Nos. 31-38, inclusive, the bed showing no decided 
change for the rest of the year. Therefore the fifth column is applicable 
from September 15 to December 31, 1897, inclusive. 

It is to be regretted that this station and the one on Salt River were 
not established earlier in the year, as by the middle of April a large 
portion of the flood flow bad already passed. 

By having two stations at McDowell the results are of more value 
than if one only were maintained at the Arizona dam, which is located 
not more than a mile below the junction. The combined discharge at 
the two points shows the amount of water available for the Arizona 
canal and the canals taken out on both sides of the river below. In 
having separate stations the data obtained at e~ch can be utilized in 
studying the run-ofl' of each basin and the amount of water available 
for the several irrigation projects under consideration on .the two rivers. 

For Salt River the proposition of greatest magnitude is the storage 
reservoir of the Hudson Reservoir and Canal Company. This company 
contemplates building a dam in a rock gorge below the mouth of Tonto 
Creek to the height of 205 feet, to be 610 feet long on the top, and to 
impound over 800,000 acre-feet of water. Such a reservoir woul.d be 
of great benefit to irrigators in Salt River Valley, as during the sum
mer. months there is a shortage in the supply of water, and as a result 
many crops fail. · 

For the last two years work has been continued on the storage propo-. 
sition of Verde River. A dam is being constructed in T. 8 N., R. 6 E., 
with an estimated reservoir capacity of 205,000 acre-feet. The water 
stored will be let down into the river again to be diverted ·25 miles 
below through a tunnel, and thence into a canal, which continues for 
65 miles parallel to and some distance above Arizona canal. A more 
detailed description of these two enterprises will be found in Bulletin 
No. 140, p. 204. 
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Rating table for Verde Rit,er at McDowell, Arizona, for 1897. 

I Discharge. 

Sept. 8 to 
Sept.14. 

I Gage height. ~r.-20 to - -~- -.A.ug. 13 to I .A.ug.-~ ~o ~, 
1 

, .A.ug. 12. I .A.ug. 23. Sept. 7. 
1 

--- - ---------- -~-----1 

Feet. Secondjeet. Secondjeet. Second-feet. I Secondjeet. 

6.5 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 
7.4 
7.5 

:--:::--: ~ ~ ~-: ~:-:::--:::- \-::-::::- -~ :·-::-:--: :J 
! :~:::: ::: ~ :::: :::::: ~ ~ ~: ~::: <::::: ::::::I::::~:::~:: 
' ........... -................ ! ......... - ............. . 

110 

130 
155 
185 
230 
280 
380 
620 
940 

1,260 
1, 580 

340 
590 
840 

1,090 

I 

240 
260 
280 
300 

320 .... ···- .... 

340 , ...... -····· 

!:~ , ...... -~~~--: 
460 I 

I 
............ ---- ................................. ----· 

1,090 
1,320 
1,550 
1, 780 ! 

-Sept.~J 
Dec.:n. 

Second-feet. 

250 
260 
270 
280 
295 
310 
325 
340 
360 
380 
400 
440 
480 
570 
660 
750 
930 

1,110 
1,290 
1,470 
1,650 
1,830 

7.6 
7.7 
7.8 
7.9 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 

... -- ........ -. .. ............ --- ... -. --- ... ---- -......... -. --- ..... -
I 

2,010 2,010 

10.0 
10.2 
10.4 

-·· -· ................................ , 
I 

• • • • • • • • •'"' • '"''"' • • •'"' '"'• • • • • • • • • • ,.. •'"''"' • • • • • • • • I 

' I ............................ ! ...... -.... . 

' ----- ..... - ......... -- ... - ... - - ... - .. --- ..... --' ...... -- ...... -- ..... 

~~:: J:::::: ::: ~:::: :::: ~::: ~:::: J::::: ::::::: 
, I 

11.0 .......... --.-:-- ....... ·.····I··· ........ . 

2,240 2,190 
2, 470 i 2, 370 

2,700 2,550 

2, 93o 1----
3,160 ' ............ , 
3, 390 1 

•••••••••••• 
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Estimated nwnthly discha1·ge of Verde River at McDowell, .Arizona. 

[Drainage area, 6,000 square miles.] 

I Discharge in second-feet. I 
I 

::\lonth. I Total in acre-
feet. Maxi- Mini- Mean. mnm. mum. 

I I ---- ------

1897. 
April 20-30 ......... 1,580 460 860' 18,764 
May ....•.......••• 460 170 269 16,540 

June ................ 185 120 150 8,920 

July ............... 230 90 130 7,993 

August ............. 1,590 110 439 26,9931 
September ......... 5,000 240 992 59,028 I 

October ............ 390 260 309 19,000 

I 
November .......... 265 260 262 15, 59o I 

I 

i 
December .......... \ 280 260 267 16,417 i 

I 

Sec.-ft. 

Run-

Depth in 
inches. 

0.0581 
0.052 
0.028 
0.023 
0.084 
0.184 
0.059 
0.049 
0.052 

off. 

Second
feet per ' 
square 
mile. 

0.143 
0.045 
0.025 
0.022 
0.073 
0.165 I 

0.051 
0.044 
0. 045 I 

5, 000 H-+-+-++-H-t--++-+-H-t--+-t-+--1H-t--+--t-+-HH-+-+-+-H-+-++-+---I 

4, 000 t-t-+-il-l--t-t---t--1-+-+-+-t-t-+--t-ll-+-f-+-+-f-+-+--11--l1-+-+-+-ll'el+-~l+~£4fi-41-+-'r.e+-'l-+-l 
3, 000 t-t-+-+-+-+--lt-t-t--+-+-t--it-t-t--t-+-+-i-+-+--+-+-+-11--lli-+-+-+-~-+-+4-+-IH 

FIG. 149.-Discharge of Salt and Verde rivers at McDowell, Arizona, 1897. 

The Southern Pacific Company has maintained gage readings on the 
main Colorado River at Yuma, Arizona. No measurements of dis 
charge were made at that point in 1897. The station is described in 
Water-Supply and Irrigation Paper No.16, p. 151. 
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INTERIOR BASIN IN NEVADA. 

HUMBOLDT RIVER. 

The drainage basin of the Humboldt River occupies the northern 
portion of the State of Nevada. The river rises in the northeastern 
corner of the State and flows in a southwesterly direction beyond 
Palisade station, on the Central Pacific Railway. It then seeks a north
westerly direction until it receives the drainage of Little Humboldt 
River, when it bends southwesterly, finally discharging its waters into 
Humboldt Sink. A number of gaging stations have been maintained 
on the river, as follows, downstream: Elko, Battle Mountain, Golconda, 
and Oreana stations. These are described in 'Vater-Supply and Irri
gation Paper No. 16, pp. 152-155, inclusive. A gaging station was 
also maintained on the south fork of Humboldt River at Mason's ranch, 
described in the same paper, p. 156. 

Rating table jQ1• Humboldt River at Rlko, Nevada, for 1897. 

l-h~-i~-~-et_. I-D--l·s-ch_ar_g_e_.
1 
l-h~-i~-~-~-·I-D-is-ch_a_rg_e_. 1 II -h-~-·~t_~_. -I-D-is_c_har_g_e_. ll-h-~i-~t_~_. _:_:.Charge. I 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

1. 7 3 3. 4 268 5. 4 926 7. 4 1, 861 

1. 8 7 3. 6 319 5. 6 1, 009 7. 6 1, 963 

1.9 15 3.8 374 5.8 1,094 7.8 2,065 

2. 0 24 4. 0 431 6. 0 1, 182 &. 0 2, 167 

2.2 46 4.2 492 6.2 1,273 8.2 2,269 

I 

2. 4 73 4. 4 557 6. 4 1, 366 8. 4 2, 371 

2. 6 104 4. 6 . 624 6. 6 1, 462 8. 6 2, 473 

2. 8 139 4. 8 695 6. 8 1, 560 8. 8 2, 575 

l_ ::~ '----~-~-~~---~:-~~~-~-~-:~_~_·:_~~--~: __ ~_:~--~-9_._0~--2-,_67-0~ 
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Estimated monthly discharge of Hmnboldt .Rive1· at Elko, Nevada. 

[Drainage area, 2,840 square miles.) 

Discharge in second-feet. Run-off. 

Month. Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

---

1897. 
January ........... 96 59 77 4,735 0.031 0.027 
February .......... 178 73 116 6,442 .0.042 0.041 
March ............. 1,810 113 330 20,291 0.134 0.116 
April ... ; .......... 2,269 524 1, 450 89,256 0.589 0.528 
May ............... 2,396 1,560 1,945 119,594 0.790 0.685 
June ............... 1,963 477 1, 069 63,610 0.420 0.376 
July ............... 477 46 205 12,605 0.083 '0.072 
August ..••......... 46 11 20 1,261 0.008 0.007 
September ......... 

1 

11 5 8 476 0.003 0.003 
October ............ 34 5 22 1,353 0.009 0.008 
November .......... 73 34 54 3,213 0.021 0.019 

I December __ •• ____ •. 139 46 89 5,472 0.036 0.031 
------ -

The year ..... 2,396 5 449 328,308 2.166 0.159 

Rating table for Hu,mboldt River at Battle Mountain, Nevada,jor 1897. 

Ga~e Discharge. Gage Discharge. Ga~ Discharge. Gaft.e '~barge. I heig t. height. heig t. heig t. 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Secondjeet. 

0.4 4 2.0 133 4.2 545 6.4 1,245 
0.5 6 2.2 161 4.4 593 6.6 1,341 
0.6 9 2.4 191 4.6 643 6.8 1,445 
0.7 13 2.6 223 4.8 695 7.0 1,558 
0.8 18 2.8 257 5.0 ·749 7.2 1, 683 
0.9 24 3.0 293 5.2 806 7.4 1, 820 
1.0 30 3.2 331 5.4 867 7.6 1, 970 
1.2 45 3.4 371 5.6 932 7.8 2,133 
1.4 63 3.6 412 . 5.8 1, 001 8.0 2, 310 
1.6 84 3.8 455 6.0 1,076 8.5 2, 804 
1.8 1()7 4.0 499 6.2 1,157 9.0 3, 359 
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Estimated monthly discharge of Humboldt !liver at Battle Mountain, Nevada. 

[Drainage area, 7,800 square miles.] 

::\fm1th. 

I Disc~r~g~ ~sec~:!- feet. , Run-off. I 
feet 1 eco 

I 
i ' Total in acre- I I S . nd-

mum. 
1 

mum. inches. ; square 
Maxi- Mini- }Jean. · Depth in 

1 
feet per I 

----. -----1--- -,___:'"' I 

.Januar~~~~--........ 1691 133 155 

February . . . . . . . . . . 207 168 183 

~larch .............. ! 7 49 

ApriL .............. 
1

: 3, 053 : 

~lay.... . . . . . . . . . . . . 3, 053 i 

.J nne ............... I 3, 131 

.July .. · ....... ······j 821 
August ............. 84 

September ..... ····; 9 
October ............ ' 73 

November ......... _j. 126 I 
D b I· 2'"'-j .ueceu~ cr .......... ___ m_

1

_. 

L__ fhe year ..•. ·I 3, 131 
1 

176 

1,001 

867 

95 

9 

5 

7 

78 

13:3 

265 

2, 287 

2,876 

2,070 

400 

34' 

6 

361 
!:!9 

'~1: 
5 i 718 

H~ 531 i 
10, 163 I 
16,294 

136,086 : 
176,839 I 

123, 173 : 

24,595 

2, 091 ' 

357 ' 

0. 023 j 

0.024 

0.039 

0.327 

0.425 

0.296 

0.059 

0.005 

0.001 

0.020 

0.023 

0.034 

0.293 

0.369 

0.265 

0.051 

0.004 

0.001 

2, 214 0. 005 0. 005 

5, 890 0. 014 0. 013 

12,359 0. 029 0. 0261 

519, 592 1. 247 l 0. 092 

l!"'IG. 150.-Discbarge of Humboldt River at Elko and Battle Mountain, Nevada, 1897. 
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Rating tablefm· H1tmboldt River at Golconda, Nevada, for 1897. 

Ga~e 
heig t. Disc barge. I h~';ll."t.l Discha..., .. Gage 

height. 1 mochargo. Ga!f: 
heig t. Discbacgo.j 

Feet. su~d-t;;'·! . Feet. Second-feet. Feet . Second-feet. Feet. Second-feet., 

0.5 2.4 162 4.6 516 6.8 1,194 
0.6 9 I 2.6 186 4.8 561 

I 1.0 1,290 
0.7 13 2.8 21(1 5.0 608 

i 
7.2 1, 394 

0.8 18 3.0 236 5.2 657 7.4 1,504 
0.9 23 3.2 264 5.4 709 7.6 1,619 
1.0 29 3.4 294 5.6 764 7.8 1, 738 
1.2 I 43 3.6 326 5.8 823 8.0 1,860 
1.4 59 3.8 360 6.0 I 886 8.5 

I 
2, 165 

1.6 77 4.0 396 6.2 953 9.0 2,475 
I 

Ui 
97 4.2 434 6.4 1,026 I 9.5 2, 785 I 

118 4.4 474 6.6 1,106 I 10.0 3, 100 I 

140 I I 

I i 
.l 

Estimatea 1nontltly discharge of Huntboldt River at Golconda, Nevada. 

[Drainage area, 10,780 square miles.] 

~-Month 
----

-

1897. 
January ....•....... 

Februa1y ...... -............ 

March ....... ------
April ........... -·------
~ay ....... -.... -..... -..... - --
June .... -----------
July------ ......... 
August ............. 

September ......... 

October ............ 
November .......... I DecembCr --·--· .. --

The year ..... 

Discharge in second-feet. 

Maxi- Mini- }[ean. 
mum. mnm. ,--, 

210 1291 148 
236 162 200 
310 117 234 

2, 974 360 1,264 
3,100 2,537 2,860 
2,942 1, 026 2,197 

953 210 499 

1981 43 95 
36 7 17 
97 5 26 

112 36 80 
204 U8 170 

3, 100 5 649! 
I 

Total in aere
fet>t. 

1 
1 

4 

9:100 
11,107 
14,388 
75,213 
75,917 
30,730 
30,683 
5,841 
1,01~ 

1,599 
4,760 

10,453 

70,803 

---, 
Run-off. I 

Second-
Depth in feet per 
inches. · square 

mile. 

) 
I 
I 

0.016 0.014 
0.019 0.018 
0.025 0.022 
0. 131 0.117 
0.306 0.265 
0.227 0. 20-1 
0.053 0.046 

: 

0.010 0.009 
0.002 0.002 
0.003 0.002 
0.008 0.007 
0.018 0.016 

---· 
0.818 0.06(1 
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Rating table for Humboldt River at Oreana, NmJada; for 1897. 

Ga~e 
heig t. Discharge. Ga!r 

heig t. Discharge. 

Feet. Second-feet. Feet. Second-feet. 

2.0 23 4:.0 312 
2.2 37 4:.2 357 
2.4 56 4:.4: 405 
2.6 78 4:.6 455 
2.8 103 4.8 507 
3.0 131 5.0 561 
3.2 162· 5.2 617 
3.4 195 5.4: 675 

~ 
230 5;6 735 
269 5.8 797 8 

Ga!r heig t.· Discharge. 

Feet. Second-feet. 

6.0 860 
6.2 924: 
6.4 990 
6.6 1, 056 
6.8 1,124 
7.0 1,192 
7.2 1,260 
7.4 1,329 
7.6 1,399 
7.8 1,469 

Ga~ 
heig t. 

Feet. 

8.0 
8.5 
9.0 
9.5 

10.0 
10.5 
11.0 
11.5 
12.0. 

Di 

-
s econd-jeet. 

1,540 
1,720 
1, 902 
2,087 
2,275 
2,465 
2,657 
2,852 

3,0471 

Estimated monthly discharge of Humboldt River at Oreana, Nevada. 

[Drainage area, 14,967 square miles.] 

~~ontb. Discharge in second-feet. Run-g 
Total in acre- Second-

Maxi- Mini- feet. Depth in feet per 
·mum. mum. Mean. inches. square 

mile. 

---

1897. 
January ...•....... 195 103 140 8,608 0.012 0.010 
February .......... 269 162 2'16 11,996 0.016 0.016 
March .... : . .. __ . _ . 417 269 287 17,647 0.024 0.021 

April ·--~-- ........ 2,087 430 958 57,005 0.078 0.069 
May ... - .... _ . _ . __ . . 3,Q47 2,199 2, 691 165,464 0.225 0.195 
June ____ ·- ..•.. ___ .. 2,503 1,612 2,114 125,791 0.171 0.153 
July . _ .......•..... 1,576 357 842 51,773 0.070 0.061 

August ..•... ·-----. 357 78 191 11,744 0.016 0.014 
September _ ..•..... 78 46 61 3,630 0.005 0.004 
October ........ _ ... 67 26 40 2,460 0.003 0.003 
November ..•....... 62 26 40 . 2,380 0.003 0.003 

I December. _____ .... 146 62 110 6,764 0.009 0.008 

The year.--·· 3,047 26 641 465,262 0.632 0.046 
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FIG.151.-Discharge of Humboldt River at Golconda and Oreana, Nevada, 1897. 

Rating table for South Fork of Htirnboldt Rivm· at Mason's ranch, Nevada. 

I Ga .. height. 

Discharge. Dieeh.,..e.;;;] 

.Aug. 29, 1896, to .Apr. 20 to Dec. 
Gage height. 

.A.ug. 29, 1896, to .Apr. 20 to Dec . 
.Apr.19, 1897. 31,1897. Apr.l9,1897 . 31,1897. 

Feet. Second·feet. Second:feet. Feet. Second:feet. Second-feet. 

0.3 .... ---- ........ -- .. 3 . 2.8 386 501 
0.4 ................................ 8 3.0 457 562 
0.5 . - .. - ........ -- ..... 15 3.2 530 623 

0.6 ................................. 23 3.4 604 684 
0.7 1 32 2.6 679 745 
0.8 2 42 3.8 755 807 
0.9 5 53 4.0 831 868 
1.0 11 65 4.2 907 929 
1.2 28 94 4.4 983 980 
1.4 51 129 4.6 • • .. '"'• • a'"'.,.'"''"' • 1,052 
1.6 79 170 4.8 ·------·---- 1,113 
1.8 113 215 5.0 .............................. 1, 174 
2.0 1:>3 . 265 5.2 ................. ----- .. 1,235 
2.2 201 320 5.4 ................................ 1,296 

~-4 257 379 5.6 ....... --- .. -........ 1,358. 
2.6 319 440 5.8 i .. ----- . ----. 1,419 
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I 

I 

Esti·mated 1nonth.ly diacha1·ge of Sou,th JJ'ork of Hu,mboldt Ri11er at Mason's ranch, 
Nevada. 

Month. 

[Drainage area, 1,150 square miles.] 

Discharge in second-feet. 

1---...,.-------

Maxi
mum. 

Mini
mum. Mean. 

Total in acre
feet. 

Run-off. 

I
. Second

Depth in feet per 
inches. square 

---------1----------1-----1---l mile. 

1896. 
September ......... i 11 2 5 298 0.004 0.004 
October ............ 15 8 10 605 0.010 0.009 
November .......... 28 11 22 1, 279: 0.021 0.019 
December........... 79 u, 36 2,190; 0.036 0.031 

I= =\-.-----

Januar~~~·- ........ I 39 2i 21 1,291 0.021 I 0.018 
February .......... 71 28 i 48 2,666 0.0431 0.042 
March ............. 641 28 119 7,317 0.119 i 0.104 
ApriL .............. 1, 021 113 535 31,835 0.520 I 0.466 

May .......... ------1 1,327 852 1,064 65,423 i 1. 067 : 0.926 
June ............... 945 252 553 32,906 i 0.537 0.481 
July ............... J 334 59 164 10,084 i 0.164 0.142 

I August ............. i 120 3 28 1,722 0.028 0.024 
September ......... 1 8 3 5 298 0.004 0.004 

October ....... ~ .. --I 53 8 31 1 1, 906 . o. 031 0.027 
November ...... ____ 170 42 59 I 3, 511 I 0. 0581 0.052 

December ........ --1- 102 i 19! 65 3,997' 0.065 0.056 
-,---------------

The yea.r. ----1 1, 327 i 21 224 162,956 I 2.657 i 0. 195 
I I 

I~A1~ ~EO MtR~H ~~~~ ~A~O ~~ ... ~ .I~~~ :~U-~. ~~;~ ~O~TO :-'oo1v0 1 ~£-~. 
sec.-n.. '14 ~S 16 
500r;-T-T-r;-r;-r-r;-+-~-+-+-r~r+-+-r+-+-~-+~+-~r+-+~+-~ 

FIG. 152.-Discharge of South Fork of Humboldt River at Mason's ranch, Nevada, 1896 and 1897. 
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'V ATERSHED OF GREAT SALT T_.JAKE. 

This watershed is iu the extreme eastern portiou of the great interior 
basin of the United States. It receives principally the drainage of 
the Wasatch Mountains, the range extending in a north and south 
direction through the central portion of Utah. The area to the east is 
drained by the tributaries of Colorado· River, which flows into the Gulf 
of California. Gaging stations have been maintained on the follow
ing rivers tributary to Great Salt Lake: Battle OreekQand Collinston, 
on Bear River; Logan station, on Logan River; Ogden station, on 
Ogden River; Uinta station, on Weber River; and Provo station, on 
Provo River. There is also a station at Geneva, where a record of the 
fluctuations of Utah Lake is kept. The field work in1897 at the above
named stations is described in Water-Supply and Irrigation Paper 
No. 16, pp. 157-163, inclusive. 

BEAR RIVER. 

Bear River rises in Summit County, Utah, and flows in a general 
northerly direction, swinging back and forth; first into Wyoming and 
then into U tab. It then enters Idaho, receives the drainage of Bear 
Lake, and finally returns to Utah again, entering it through Cache 
Valley. This valley is level and fertile, well adapted to irrigation·, and 
much of the land is under cultivation. Many canals take water from 
the tributaries of Bear River, as Cub Creek, Logan River, Black
smith Fork, and Little Bear River, which drain the western slope of 
the Wasatch Range. 

About 39,000 acres are at present irrigated in Cache Valley, 13,000 
acres of this being under the canals from Logan Hiver. Comparing 
this latter acreage with the amount of water used upon it during the 
four months from June to September, inclusive, it is found that the 
duty of water is 80 acres to the second-foot. The aggregate maximum 
capacity of the canals from Logan River is 200 second-feet. They do 
not carry this amount, however, throughout the irrigating season. For 
a more detailed account of irrigation in this valley see a recent paper 
on Seepage Waters of Northern Utah, by Samuel Fortier.1 

Bear River leaves Cache Valley through a long canyon and enters 
Boxelder County, through which it flows in a southerly direction to 
Great Sa~t Lake. Battle Creek gaging station is located at the head 
of Cache VallRy. 

1 Seepage waters of northern Utah, by Samuel Fortier: Water-Supply and Irrigation Paper No.7, 
U.S. Geol. Survey, 1897. 
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Rating table for Bear River at Battle Creek, Idaho, for 1897. 

Ga!te 
heig t. Discharge. Ga!te 

heig t. I Discharge. Ga~ 
~eig t. Discharge. Ga!te 

heig t. Dl•e""g~.~ 
Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

1.0 400 2.2 1,434 3.4 2, 850 4.6 4,700 
1.2 505 2.4 1,670 3.6 3,086 4.8 5,100 
1.4 625 2.6 1,906 3.8 3,322 5.0 5,500 
1.6 780 2.8 2,142 4.0 3, 570 5.2 5,900 
1.8 970 3.0 2, 378 4.2 3,910 5.4 6,300 I 
2.0 1,198 3.2 2,614 4.4 4-,300 

Estimated 'fltonthly discharge of Bear River at Battle Creek, Idaho. 

[Drainage area,4,500 square miles.) 

Discharge in second-feet. Rnn·g 
Month. I Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 

mum. mum. inches. square 
mile. 

------
1897. 

January ........... ---- ........ . -...... -.... a950 58,414 0.24 0.21 
February ------ .... ... -- ..... - ..... .. .. . ... .. ... -. a870 48,317 0.20 0.19 
March ......... ___ . ................... .................. a900 55,339 0.23 0.20 

April ------ .... ---- 4,300 1,198 2,923 173,930 0.72 0.65 
May ............... 6,100 3,57C 5,062 311,252 1.29 1.12 
June ....... -.-. ---. 5,500 1,847 3,593 213,798 0.89 0.80 
July.---------- .... 1,788 970 1, 335 . 82,086 0.35 0.30 
August.-----· ...... 870 780 838 51,527 0.22 0.19 

Septen1ber -···----- 970 780 789 46,949 0.20 0.18 
October ......... _ .. 1,434 780 1, 115 68,559 0.29 0.25 
Noven1ber ------ .... 1,316 1,080 1,127 67,061 0.28 0.25 

I I I>ecetnber .••••..••. 1,080 780 979 60, 197 0.25 0.22 
I 

he year •... _ .. 1,707 1,237,429 5.16 0.38 
I I 

a .Approximate. 
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Sec.-ft. 
12, 000 I-J.-+-+-+-~I---+-+-I-+-~I-+-+-+-+--+--<I---+-t--+-+-+-~1-t--t--+-+-t---il-t-+-+-+--t 

11, 000 t-+-+-t--t--Ht-t-+-t-+-+-1-t-t--t--t-+-t-t-+-+-+-+-t--11-t-t--t-+-t-i!-+-t--t-+-f 

10, 000 1-+-+--t-+-HH-+-++-+--H-+-t--t--1--iH-++-t--f-HH-+-t-+-H'-t-+-t--t-f 

9, 000 t-+-+-t--t--Ht-t-+-t-+-+-1-t-t---t--t--t-lt-t-t--+-+-+-t--11-t-t--1-+-t---ir--t-t--t-+--i 

8, 000 l-+-+-+-+-+-lt-t-+-t-+-+-t---+-+-+--+-+-t-+-+-+--+-+-~t-t-+--+-+-~1--+-+--+--l--f 

7, 000 J-.-+-+-+-+-+-lt-+-t--f--+--l-1-t-t---t--t-+-t-+-t--t--t-+-+-lt-t-t--+--t-t-il-t--t--t-+--t 

FIG.153.-Discharge of Bear River at Battle Creek, Idaho, 1897. 

LOGAN RIVER. 

The station on Logan River is located at the mouth of the canyon, 3 
miles east of the city of Logan, and is above the bead of all canals taking 
water from it except the Logan, Hyde Park, and Smithfield canal. 

Ra.ting table fm· Logan River at Logan, Utah, for 1897. 

Feet. 

2.4 
2.5 
2.6 
2.7 
2.8 

~ 

Discharge. 

Second-feet. 

135 
165 
205 
245 
285 
325 
370 

Ga~e 
heig t. Discharge. 

Feet. Second-feet. 

3.1 415 
3.2 460 
3.3 505 
3.4 555 
3.5 610 
3.6 665 
3.7 725 

19 GEOL, PT 4--28 

Gage 
height. Discharge. Ga~e 

heig t. 

Feet. Second-feet. Feet. 

3.8 800 4.5 
3.9 895 4.6 
4.0 986 4.7 
4.1 1,079 4.8 
4.2 I, 172 4.9 
4.3 1,265 5.0 
4.4 1,358 

Di 

;_ "h"'g'·l 
Se cond-jeet. 

1,451 
1,544: 
1, 637 
1,730 
1,823 

:J 
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Estirnated nwnthly discharge of Logan Rive1· at Logan, Utah. 

[Drainage area, 218 square miles.] 

1
-Run·g 

Totale~~.acre- Second· ~Month 
Discharge in second-feet. 

Maxi
mum. 

Mini
mum. Mean. Depth in feet per 

inches. square 
mile. 

1------------------·1-----1---1----

1897. 
January...... . . . . . . .. .. . . .. .. .. . . . . a150 9, 223 o. 79 0. 69 
February . .. . . . .. .. .. . . . . . . . .• • .. . . a150 8, 331 o. 72 0. 69 
March . . . . . . . . . . . . . . . . . . . . . . . . . . . . . a 150 9, 223 0. 79 0. 69 
ApriL...... .. .. .. .. 760 150 317 18, 863 1. 67 1. 45 
May _ . . . . . . . . . . . . . . 1, 823 760 1, 264 77, 721 6. 69 5. 80 
J nne . .. .. .. .. .. .. .. 1, 684 637 990 58, 909 5. 07 4. 54 
July . .. . . . . .. .. .. .. 665 392 493 30, 314 2. 61 2. 26 
August............. 392 265 330 20,291 1. 74 1. 51 
September . . . . . . . . . 325 265 270 16,066 1. 38 1. 24 
October............ 285 245 264 16,233 1.39 ' ·1.·21 
November.......... 245

1

1 225 232 13, 805 1. 18 1. 06 
December . . . . . . . . . . 225 150 188 11, 560 0. 99 -i!tj· 86 

The year . . . . . . . . . . . . . . . . . . . . . 400 290, 539 25. 02 1. 83 

L-------------~----~~----~--~------~----~ 
a Approximate, on account of interference of ice. 

~~A~~ 

Sec;:~~ 
4, 

3, ~ 

2 nnn 
' 

1, 
It~ 

a Approximate. 
FIG. 154.-Discharge of Logan River at Logan, Utah,1897. 

BEAR RIVER BELOW LOGAN RIVER. 

The station on Bear River at Collinston, Utah, is located in the canyon 
of the river about 2 miles below the diversion dam of Bear River canal. 

Rating table.Jor Bear River at Collinston, Utah, jm· 1897. 

Ga(J'e Discharge. Gage Discharge. Ga~e I Di~ha•ge. Gage :•chMgo.l height. height. heig Jt. height. 

---
Feet. Second-feet. Feet. Second-feet. Feet. I Second-feet. Feet. Second-feet. 
1.0 770 2.4 1, 910 3.8 I 3,800 5.2 6, 910 
1.2 840 2.6 2, 170 4.0 4,180 5.4 7,370 
1.4 930 2.8 2,430 4.2 

I 4,610 5.6 7,830 
1.6 1,050 3.0 2,690 4.4 5,070 5.8 8,290 

L}i_ 
1,230 3.2 2,950 4.6 5,530 6.0 8,750 

0 1,440 3.4 3, 210 4.8 5, 990 6.5 9, 900 
2 1, 670 3.6 3,490 5.0 6,450 7.0 11,050 
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EBtimated monthly diBcharge of Bem· River at CollinBton, Utah. 

[Drainage area, 6,000 square miles.] 

~Month Discharge in second-feet. · Run~ 
Total in acre- Second-

Maxi- Mini- feet. Dept.h in feet per Mean. mum. mum. inches. square 
mile. 

------
I 

1: o5o I 
1897. 

January ..... ·---~- 1,670 1,429 87,866 0.28 0.24 
February .......... 1, 670 1,440 1,466 81,418 0.25 0.24 
March ............• 2,690 1,440 1,582 97,274 0.30 0.26 
April .............• 8, 980 1,790 5,822 346,432 1. 08 0.97 
May ....... ---- ...• 10,590 8,520 9,566 588,194 1. 83 1. 59 
June ................ 9, 4.40 2,6!:!0 5,637 335,424 1. 04 0.94 
July ............... 2,690 1,130 1,807 111,109 0.35 0. 30 
August ________ .... 1,130 990 1,082 66,530 0.21 0.18 
September ......... 1,330 1,000 1,224 72,833 0.22 0.20 

October ...... ------ 2,049 1, 280 1,769 108, 772 0.33 0.29 
November .......... 1,670 1,230 1,351 80,390 0.26 0.23 I December .......... 2,235 1,280· 1,626 99,979 0.31 

'3 ------
The year ..... 10,590 990 2,863 2,076,221 6. 46 0.48 

·-· 

FIG,155.-Discharge of Bear River at Collinston, Utah,l897. 
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OGDEN RIVER. 

Measurements of this stream were formerly made at the head of the 
canyon below the mouth of the North Fork. During the latter part 
of 1896, however, the dam of the Pioneer Electric Power Company, 
located about 1 mile below this point, was completed, backing up 
the water and necessitating the abandonment of the station. A new 
one was therefore established in the canyon about 4 miles below, 
near the site of an olu powder mill. The water diverted by the power 
co~pany, the amount of which is not included in the following tables, 
enters a 6-foot wooden pressure pipe and is conducted down to the 
electric works of the company at the mouth of the canyon. The energy 
here developed is distributed to Ogden and Salt Lake City. A full 
descriptipn of this power plant is given in Transactions (lf the Amer
ican Society of Civil Engineers, Vol. XXXVIII, pp. 246-314. From 
this publication the following facts have been obtained: 

It is proposed to erect a concrete dam, the foundations of which, to 
reach bed rock, will be placed to a depth of 40 feet beneath the surface 
of the ground, while the top will be 60 feet above the present surface, 
making a total height of 100 feet, and the length on the crest will be 
400 feet. This will back up water for several miles into the valley 
above the canyon, forming a storage reservoir of 2,000 acres. A waste 
weir will be provided by excavating the rock on the north wall of the 
canyon, and water will be taken out through the tunnel already driven 
in the south wall. Pending the erection of this large storage clam a 
temporary dam bas been built by which water is diverted into the 
tunnel. 

From this tunnel a wooden stave pipe, 6 feet in internal diameter, 
has been completed through the canyon for a length of 27,000 feet. A 
view of this pipe is given a~d the method of its construction illustrated 
in Pl. XL. ThiR pipe is laid along the wall of the canyon, and is sup
ported in a trench cut in the wall or by short bridges or trestles when 
~rossing ravines. The hydraulic grade is 2 feet per thousand, a slope 
which is estimated to correspond to the friction in the pipe. The pipe 
is built of Douglas fir, in this respect differing from most of the other 
wooden pipes used in the West, these being made of California red
wood. It terminates in a riveted steel pipe, which descends a steep 
incline for a distance of 4,600 feet to the power house. The m~ximum 
hydrostatic head on the wooden pipe will be 170 feet, giving a presRure 
of uO pounds per square inch, while on the steel pipe it is upward of 
200 pounds per square inch at the lower end. The pipe is provided 
with air valves and also with suitable valves for emptying the pipe and 
removing accumulations of sand or other material. The capacity is 
estimated to be 250 cubic feet per second with a full reservoir, which 
corresponds to a velocity of 9 feet per second in the 6-foot pipe. The 
hydrostatic head from the flow line of the reservoir when full to the 
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WOODEN PIPE IN OGDEN CANYON, UTAH. 

Il lustration in corne r shows construction. 
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center of the receivers in the power bouse will be 516 feet. Taking 
the effective head at 440 feet, the gross· available horsepower will be 
about 12,500. The water is delivered against wheels of the Knight 
pattern, 58 inches in diameter, with a capacity of 1,200 horsepower 
each at 300 revolutions per minute. The dynamos are three-phase 
alternating current generators. They give an output of 750 kilowatts 
at 300 revolutions per minute. The voltage is raised by step-up trans
formers from 2,300 to 16,100, and is thus transmitted by lines 38 miles 
in length to Salt Lake City, where the voltage at 13,800 is by step
down transformers reduced to 2,300, which is also the current of the 
local line at Ogden. The water passing from the power house returns 
to the stream, from ;which it may be diverte"d to irrigate lands below. 

The following table gives the list of discharge measurements made 
on Ogden River at Ogden, Utah. The principal facts are also shown 
in fig. Hi6 on page 438, in which vertical distances represent height 
of water on the gage, and horizontal distances show the quantity of 
discharge. The plotted points obtained by measurement are shown by 
the small circles, which are numbered to correspond with the figures in 
the left-band column of the table. Near, or through these, is drawn 
a smooth curve from which the values for the rating table have been 
obtained. 

List of discharge measurements 1nade on Ogden River, at Ogden, Utah . 

. H Date. 

1 

2 

3 

4 

5 

1897. 

¥ay 11 

May 26 
June 2 
June ?6 
July 30 
Sept. 15 
Oct. 15 lit 

Hydrographer. 

vV. B. Dougall ...... 

.•... do .........•.... 

..... do .. _ ........... 

..... do .............. 

S. Fortier ........... 

..... do .............. 

T. H. Humphreys .... 

Meter Gage num-
ber. height. 

---

Feet. 

106 6.69 
7 5.79 
7 4.79 

106 3.25 
10 2.80 
10 2.61 

. ......... 2.68 

.Area of Mean Dis-
section. velocity. charge. 

---------

Feet per 
Sq.jeet. second. Sec . .feet. 

357 5.29 1,890 
264 5.39 1,423 
176 3.88 682 
116 1. 47 170 
96 0.71 74 
93 0.55 

~ 100 0.78 8 
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Feet. 
6 

5 

3 

2 

jt 

If 

G_age 
he1ght. 

Feet. 

2.0 
2.2 
2.4 
2.6 
2.8 

L3.0 
3.2 

~ 
~ 

~ 

v ~ 
v 

--
g 
00 

---t--------" 

0 
0 
0 

~ 

~ 

v--~ 

-
0 
g g 

0 

~ C'f 

FIG. 156.-Rating curve for Ogden station on Ogden River, Utah. 

Rating table jo1· Ogden River at Ogden, Utah, jo1' 1897. 

Discharge. Gafte 
heig t. Discharge. Gage 

height. Discharge. Gage 
height. 

Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. 

15 3.4 203 4.8 690 6.2 
25 3.6 250 5.0 837 6.4 
35 3.8 300 5.2 989 6.6 
55 4.0 360 5.4 1,141 6.8 
85 4.2 420 5.6 1,293 7.0 

120 4.4 490 5.8 1,445 
160 4.6 575 6.0 1,597 

Di 

1-

Se cond-jeet. 

1,749 
1, 901 
2,053 
2,205 
2,357 

_j 
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Estimated monthly discharge of Ogden R-iver at Ogden, Utah. 

[Drainage area, 360 square miles.] 

~Mooth. 
Discharge in gecond-feet. Run~ 

Total in acre- Second-feet. Maxi· Mini- Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

---
1897. 

May 10-3L. -------- 2,433 837 1,766 77,066 4.02 4.91 
June _______ -------- 761 203 379 22,552 1.17 1.05 
July ______________ -I 250 70 90 5,534 0.29 0.25 
August _____________ \ 70 55 56 3,443 0.18 0.16 
September .. _______ 70 55 57 3,392 0.18 

-. 
0.16 

October ____________ 85 55 72 4,427 0.23 0.20 

~ber •••••.•.•. 85 55 70 4,165 0.21 

~ m ber __________ 70 30 52 3,197 0.16 4 

Sec.-ft. 

6,000ri-t-t-r~t-~-t-+-r~+-t-~~-+~4-+-t-~~-+~~+-~~-+~~ 

2,500~-+-+-r~+-~~-+-r~~+-~~-+~,_+-+-~~-+-r,_+-~~-+~~ 

2, 000 t-t-+-+-+--+-+-f--1-t-+'~-+-

1, 500 ..--.+-+-+-1-,_+--1-+-t-t-~-+-

1, 000 t-t-+-+-+--+--+--1--+--+-+--+--+- . 
500 1---t-+-+-r~+-1-+-+-+-1--+-

FIG. 157.--Discbarge of Ogden River at Ogden, Utah, 1897. 
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WEBER RIVER. 

The gaging station on Weber R.iver is located in the canyon imme
diately above the narrows known as Devils Gate. 

Gage 
height. 

Feet. 

1.0 
1.2 
1.4 
1.6 
1.8 
2.0 

Rating table for Weber River at Uinta, Utah, for 1897. 

Discharge. Ga~e 
heig t. Discharge. Ga~e 

heig t. Discharge. Ga!fte 
heig t. 

Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. 

130 2.6 1,070 4.2 2,534 5.8 
190 2.8 1,220 4.4 2,742 6.0 
260 3.0 1,380 4.6 2,950 6.2 
35fi 3.2 1,540 4.8 3, 158 6.4 
475 3.4 1,720 5.0 3,366 6.6 
620 3.6 1,910 5.2 3,574 6.8 

Di 

'-

Se cond-jeet. 

4,198 
4,406 
4,614 
4,822 
5,030 
5,238 

~ 
770 3.8 2,118 5.4 3,782 7.0 
920 4.0 2,326 5.6 3,990 4 

5,4461 

Estirnated rnonthly discharge of Weber River at Uinta, Utah. 

[Drainage area, 1,600 square miles.] 

I 
Discharge in second-feet. Run-off. 

I Month. Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

---

1897. 
I 

January ............ 305 260 290 17,832 0.21 0.18 

February ------ ---· 305 260 294 16,328 0.19 0.18 
March _ . ____ .. __ . __ 1,182 260 462 28,469 0.33 0.29 

April-------------- 4,094 695 2, 255 134,182 1.57 1.41 

May--------------- 5, 342 2,586 4, 012 246,690 2.90 2.51 
June ............... 2,742 282 1, 223 72,773 0.84 0.76 
July ______ .. __ .. _ .. 190 160 175 10,760 0.13 0.11 
August ... __ ........ 160 160 160 9; 838 0.12 0.10 
September ..... ____ 355 160 209 12,436 0.14 0.13 
October----_ ... ____ 475 355 462 28,407 0.33 0.29 
November ...... ---- 415 355 395 23,504 0.28 0.25 

I ])eceDlber .......... 355 282 339 20,844 0.24 0.21 

I 
------

The year.---- 5,342 160 856 622,064 7.28 0.54 
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Sec •. ft 

12, 000 t-+-t--t-+-iH---t-t--lt-+-t--t-t-t-+-+-+-lt-+-t--t-t-f-+-t--+-t-+-+-+-+-l-+-+-+-1 

11' 000 t-+-t--t-+-iH---t-t--lt-+-t--t-t-t-+-+-+-lt-+-t--t-t-f-t-t--+-t-+-+-+-+-1-+-+-+-l 

-
10, 000 ~-+--+--l--1f-f--+-+--il-+-t--t-t-t-I--+-+-11-+-+-+-+-I-+-+-+-J--I.-4--+-+-I-+-+-+-I 

9, 000 ~-t--+--l--1f-f--+-+--ii-+-+--+-+-+-+-+-+-11-+-+--+-+-I-+-+-+-J--I.-4--+-+-I'-+-+-+-I 

8, ooo t-+-t--t-t--IH--t-Ht-+-t-+-t-t-t-t-~t-+-t-+-+-1-+-t-+-H-++-HH-+-+-f 

7' 000 t-+-+--+-+--t-+-+-+-t-+-+--+--l--1-+-+-+-t--+-+--+-+-1-t-+-+-+-l-+-+-+-1-t-+-+-t 

6, 000 t-+-+--+-+-t-+-+-+-t-+-+--+--l--1-+-+-+-t--+-+-+-+-1-t-++-+-l-+-+-+-1-t-+-+-t 

5, 000 H--+--+-+-I-I---+-+-H-+-H6H-t-t-+-H-+-+-+-H-++-+--l~-+-+-1-t-t--H 

4, 000 1--+-+--+-+-+-+--+-f---+-+--+-

3, 000 1-t-+--+-+-t-+-+-+-t-+-A-

2, 000 t-+-t--+-+-+-+-+-1-t-

1, 000 1-+-t--+-+-+-+-+--~ 

0 ......... -•• 

FIG. 158.-Discharge of Weber River at Uinta, Utah, 1897. 

PROVO RIVER. 

A second power project in Utah has recently been completed on 
Provo River. Water is diverted about 10 miles above in the canyon 
and is brought down, not in a pipe, as on Ogden River, but in a flume 
of semielliptical form, patented by Mr. Guy Sterling, similar to the 
Santa Ana flume, in southern California. A number of improvements 
have been introduced in this later construction, especially in the iron 
braces and methods of tightening them. At the mouth of the canyon 
where the power works are located a head of something over 300 feet is 
attained. The object of this plant is the development of electric power 
to be used in the mines southwest of Provo. 

Gage 
height. 

Feet. 

4.0 
4.1 
4.2 
4.3 
4.4 

~ 6 

Rating table for Provo .River at Provo Canyon, Utah, for 1897. 

Discharge. Ga~ 
heig t. I Discharge. Ga!ite 

heig t. 

Second-feet. Feet. Seco_nd-jeet. Feet. 

225 4.7 636 5.4 
265 4.8 712 5.5 
310 4.9 788 ·5. 6 
360 5.0 864 5.7 
415 5.1 940 5.8 
485 5.2 1,016 5.9 
560 5.3 1,092 6.0 

Discharge. Ga!ite 
heig t. 

Second-feet. Feet. 

1,168 6.1 
1, 244 6.2 
1, 320 6.3 
1, 396 6.4 
1, 472 6.5 
1,548 6.6 
1, 625 

Di 

-
Se cond-feet. 

i, 720 
1, 820 
1,940 
2,120 
2, 350 

2,600 I 
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Estirnated monthly discharge of P1·m:o River at Provo Canyon, Utah. 

[Drainage area, 640 square miles.] 

~Month. 
Discharge in second-feet. Rnn~ 

Total in acre- Second-
Maxi- Mini- feet. Depth in feet per Mean. mum. mum. inches. square 

mile. 

---
1897. 

January ............ ................. ---· ---- a400 24,595 0.71 0.62 
February ·----·---- ... ---- ... -- ------ ..... a500 27,769 0.81 0.78 
March .............. . -.. -- .... - . ----- .. - a415 25,518 0.75 0.65 
ApriL .. ___ .. _ ...... 1,320 712 856 50,935 1.50 1. 34 
May ••••••.......... 2,600 1,320 1, 856 114,122 3.35 2.90 

June .... -- ......... 1,472 360 796 47,365 1.38 1.24 
July. . ............. 360 265 295 18,139 0.53 0.46 
August ... ~ ...... _ .. 225 225 225 13,835 0.40 0.35 
September ......... 415 225 260 15,471 0.46 0.41 

October-----· ...... 485 415 449 27,.698 0.81 0.70 
November. __ ._ ..... 485 360 433 25,765 0.75 0.68 

I December . . . . .. .. .. 415 360 372 22,874 0.67 0.58 

I 
The year .. :. . . .. _ .... _ ....... 571 413,996 12.12 0.89 

a Approximate. 

Sec.-ft. 

6,000~-+-i-t-r~+-~~-+-t-r1-1-+-~-+~~4-+-+-~~-+~4-+-~~-+~ 

5,500r;-+~-+-r;-+-~~-+-+-r,_~+-r4-+~~4-+-+-~-+-+~4-+-~-+-+~ 

5,ooor;-+~-+-r;-+-~~-+-+-r,_;-+-r4-+~~4-+-+-~-+-+~4-+-~-+-+~ 

4,000 

FIG. 159.-Discharge of Provo River at Pro>o Canyou, Utah, 1897. 
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UTAH LAKE. 

Utah Lake receives the surplus waters and seepage from Provo 
and neighboring rivers flowing from the Wasatch Mountains. The 
peculiar conditions existing there have been described in a general way 

·in the Twelfth Annual Report, Part II, on pages 334 to 339, and also in~ 
the Eighteenth Annual Report, Part IV, on pages 327 to 330. In the lat
ter volume are given the results of fragmentary observations made.by 
Mr. James Aitken, from February, 1889, to August, 1896. On Novem
ber 6 of the latter year a station was established at Geneva, Utah, 3 
miles south of American Fork. The results of the observations at this 
point for 1897 are given in Water-Supply and Irrigation Paper No. 
16, on page 163. 

In the early part of 1896 the Mount Nebo Irrigation Company com
pleted a reservoir and canal to irrigate lands in the vicinity of Goshen, 
Utah, south of Utah Lake. A dam 30 feet in height has been placed 
on Currant Creek, forming a reservoir 5 miles long, with the following 
capacities: 

Area and capacity of Om-rant C1·eek reservo·ir. 

.A. rea. Capadty. I 
.Acre8. Acre-feet . r= Elevation above t:~ea level. 

----1-1-

Fret. 

4,888 (proposed) .................................... . 2,413 29,890 
4,883 (present) ............................... · ....... . 1,847 19,250 

4,875 .... -- -.---- ---. ---- ---- -- -.---- .. -.-- ---. -----. 1, 062 7, 850 
4,867 . .. . .. . . . .. . . .. . .. . .. . . . . . . . . . .. . • • . .. . ... ... ... 496 2, 000 I 
4,859 (bottom of reservoir) ... ; ................................. c •••••••••• 

The regulating works, where water is diverted into the canal, are 
located 2 miles below the dam. For the first mile down the creek 
bottom the construction combines canal, flume, and wooden pipe, but 
after that it-leaves the river, and then the main canal is 10 feet wide on 
the bottom. It passes around the head of Kimball Creek Valley, irri
gating lands within that area. It crosses the dry channel of Kimball 
Creek and one or two other channels by means of flumes. The total 
length of the main canal is 13 miles. The East Stele canal is taken 
out 1! miles below the head of the main canal. This canal crosses Cur
rant Creek and, passing around a high sand ridge immediately south 
of Goshen, irrigates land southeast of this town. Its total length is 
6~ miles. Goshen is 4~ miles south ot the southern end of Utah Lake. 
The elevation of the bottom of the reservoir is 4,859 feet above sea 
level. The elevation ot the crest of the dam is 4,888 feet. · 

This company is compelled to allow a certain amount of water to pass 
its head gates down the creek in order to satisfy prior appropriators. 
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This includes an amount for Dra1)er's mill, for small ditches below, and 
an amount sufficient to fill Goshen reservoir, a small reservoir 2 miles 
west of the town of Goshen. After satisfying these prior claims, the 
company has water and storage capacity sufficient to supply its lands. 

The following facts are taken from Engineering News: 1 The dam is 
210 feet long at the top, 130 feet at the bottom, and 30 feet high. Its· 
width at the base is 110 feet and at the top 8 feet. The body of the 
dam is of selected clay. The back and face are lined with loose rock 
and heavy gravel, hand placed. The outlet tunnel is a cut through 
the solid rock of the west abutment of the dam. It is 140 feet long 
and 6 by 4.5 feet in cross section. The wasteway is a cut through the 
solid rock ridge of the east abutment. The dam and all appurtenances 
except the wasteway cost about $12,000. The inlet tunnel cost $7.85 
per linear foot. 

The fluming used is a new and unusual type, being of the Sterling 
patented semielliptical style shown in Pl. XLI. At the junction of the 
main canal and the East Side canal the former has a capacity of 120 
second-feet and the latter a capacity of 30 second-feet. 

COL Ul\IBIA BASIN. 

SNAKE RIVER. 

Snake River is one of the most important streams in the West, both 
for its water supply and for the area of irrigable land adjacent to it. It 
has its source in the Yellowstone National Park, and flows southward 
through Jackson Lake, receiving many large tributaries from each 
side, which drain almost inaccessible mountain ranges in western 
Wyoming. A measurement of Snake River was made by Messrs. 
Elwood 1\iead and C. T. Johnston, September 5, 1897, at the outlet of 
Jackson Lake, and the discharge was found to be 745 second-feet. A 
number of very fine reservoir sites are located in this section of the 
drainage basin, but it will be some time before it is necessary to utilize 
them, on account of the abundant water supply in the river. TheN orth 
Fork has its source in Henry Lake, a few miles west of the western 
boundary line of Yellowstone National Park. It flows southward, 
receiving as its principal tributaries Fall and Teton rivers, which drain 
the western slope of the Teton Range of mountains, and joins the main 
river near Market Lake, Idaho. 

The largest body of irrigated land in the State is located near the junc
tion of theN orth Fork and the main river. Little irrigation is practiced 
north of Fall River, but south of that place many canals are taken out. 
The largest systems, however, are from the main Snake River, irrigat
ing land lying near and north of Idaho Falls. Willow Creek is a small 
tributary, but is important both for its natural flow, which is all appro
priated, and for its use as a distributary for a number of canals which 

1 Engineering News, Vol. XXXVI, No. 23, December 3, 1896. 
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take water from the main river. Two of the principal irrigation systems 
from the Snake above theN orth Fork are the Eagle Rock and Willow 
Creek canal and the Farmers Friend canal. The largest canals from the 
main river below the North Fork bead near Bear Island on either side, 
the Great Western taking water from the west side and the Idaho canal 
taking water from the east side. This latter company also bas head
works on Snake River, above the mouth of North Fork, and is one of 
the companies that use Willow Creek for a part of its length as a dis
tributary. During the last two years this company bas had the con
tract from the Government for the construction of an irrigation system 
for the Fort Hall Indian Reservation. The project includes the con
struction of two canals ·on the reservation and the furnishing of water 
to the same from Snake River. This is accomplished by turning the 
water into the Blackfoot River and diverting it again about 10 miles 
below by means of two diversion dams. The upper one supplies water 
to the High Line canal, used in the vicinity of Ross Fork, with a pos
sible extension to Pocatello. The second one, 2 miles below, supplies 
water to an old Indian ditch, from which bas been taken ·a later~l con
structed by the Indians themselves. By contract the company was to 
furnish 200 second-feet to the lower canal, and it fulfilled its contract 
in the fall of 1897. The upper system is to furnish 100 second-feet. 

At the request of the State engineer and of the engineers of the 
Idaho Canal Company and the . Fort Hall Indian Reservation, Mr. 
Cyrus C. Babb, assistant hydrographer, made a measurement of the 
discharge of the canal at three different stages, the results to be consid
ered authoritative by the two interested parties. The disch~rge was 
regulated at the lower head gates, and the measurements were made 
about three-fourths of a mile below, in the main lateral, as it is called, 
about 200 feet below its head. The measurements were made October 
27, 1H97. With the water at a low stage, giving a gage height of l.O 
foot on the rod at the foot of the drop, the discharge was 137 second
feet. The medium. stage, at a gage height of 1.5 feet, gave a discharge of 
207 second-feet. The maximum capacity, at an estimated gage height 
of 1.9 feet, was 298 second-feet. Immediately at the bead of this lateral 
is located a drop of 2 feet, at the lower end of the apron of which has 
been constructed a so-called weir. It is valueless for estimating the dis
charge on account of the velocity of the. water which passes through it. 
The edge of the weir is only 16 feet below the drop. During the high 
stage of the canal, when the last discharge measurement was made, 
the water overtopped the vertical sides of the weir. · 

The method of irrigation in the vicinity of Idaho Falls is very 
wasteful of water, but owing to the abundant supply there are few 
difficulties on this account at present. The low-water flow of Snake 
River at Idaho Falls is about 3,500 second-feet. 

Portneuf River is an important tributary of Snake River, entering 
it about 15 miles west of Pocatello. The gaging station maintained 
for the last year is located at Pocatello. The stream is an important 
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one for irrigation purposes, one or two irrigation enterprises having 
been planned from it. 

Idaho is one of the few States which have sought to take advantage 
of the act of Congress known as the Carey Act, through which a large 
body of irrigable public land may be obtained by a State. The main 
object of this act is to provide for the reclamation and settlement of the 
desert public land, and to secure ultimately to the settlers the absolute 
ownership of the works constructed for irrigation. None but actual 
settlers or water users can file on the land. . 

In order to obtain possession of the lands in Idaho the State passed 
laws made necessary by the national act. As a result, a number of 
enterprises have been projected, the majority of them planning systems 
taking water fro:n Snake River. In thi~ conne<?tion, the State made a 
survey of a canal system heading at a point on Snake River near and 
south of Minidoka. At the point of diversion the river flows through 
a relatively narrow gorge~ and the plan contemplates building a dam 
at that point and taking water from both sides. 

The gaging station at Montgomery Ferry, on Snake River, is located 
a few miles below the proposed point of diversion. It is described in 
Water-Supply and Irrigation Paper No. 16, p. 165. The low-water 
:flow is about 4,500 second-feet, an excess for all reqqirements of the 
above-mentioned enterprise. The h~gh-water measurements are of value 
as giving the flood discharges used in computations for the wasteways 
of the dam. 

A large area of irrigable land is located in the vicinities of Mountain 
Home and Orchard. It is too high to be easily served from Snake 
River, and the water supply for it will have to come from smaller 
creeks in the vicinity or from the tributaries of Boise River. The 
Mountain Home Canal and Land Company has a reservoir on Hattie
snake Creek, 3 miles from Mountain Home. Water is also supplied to 
it from Canyon Creek by means of a feeder canal. l\iore than 1,000. 
acres were irrigated during the last year, but if a larger water supply 
could beobtained a much greaterareacould be brought under cultivation. 

A fine reservoir site is located on Long Tom Creek above the point of 
diversion of the feeder canal from Canyon Creek, so that to utilize it 
water will have to be brought from some other basin. Boise River is 
only 2 miles north of the central portion of the reservoir, but is sepa
rated from it by a high ridge. The river is also 850 feet lower than the 
site, so that a feeder canal from the Boise would have to be taken out 
a long distance abov~. Preliminary examinations have been made with 
the idea of diverting water over the divide to Long Tom Creek .from 
the following tributaries of the Boise: Camas, Cat, Wood, Louse, and 
Lime creeks. An inspection of the topographic maps of the region 
tends to show that the diyersion can be accomplished. An accurate· sur
vey, however, should be made to determine positively its practicability. 

A g-aging station was maintained on Camas Creek in 1896, and the 
measurements show that during the flood discharge 23,500 acre-feet 
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are available for storage. It is difficult to say whether this quantity is 
the average of a series of years or not, on account of the shortness of 
the record. It is thought, however, that it is somewhat above the 
average, judging from the flow of Boise River and adjoining basins. 

The Orchard Irrigation Company has a reservoir located on Indian 
Creek, the outlet of which is closed ·by means of a well-constructed 
earthen dam with a cement core wall. The surplus water of Tenmile 
Creek is conducted to this reservoir ·by means of a feeder canal. Its 
capacity, as determined by the survey·of the State engineer's office, is 
1,500 acre-feet. w·ater rights, .as shown by the records of the county 
office, have been sold for over 8,000 acres. 

Rating table for Snake R-iver at Montgom,ery Fen·y, Idaho, jo1· 1897. 

I 

I· Dil!lcharge. Ga~e Discharge. J Gage \rage Discha,rge. Galte Discharge. heig t. height. height. heig t. 
I 

Feet. Second-feet. Feet. Second.jeet. Feet. Second .feet. Feet. . Second-feet. 
2.0 4,400 "4.2 8,000 6.2 16,760 8.5 27,800 
2.4 4,700 4.4 8,600 6.4 17,720 9.0 30,200 
2.6 4,900 4.6 9,200 6.6 18,680 9.5 32,600 
2.8 5, 100 4.8 10,100 6.8 19,640 10.0 35,000 
3.0 5,400 5.0 11,000 7.0 20,600 10.5 37,400 
3.2 5,800 5. 2. 11,960 7.2 21,560 11.0 39,800 
3.4 6,200 5.4 12,920 7.4 22,520 11.5 42,200 

I 
3.6 6,600 5.6 13,880 7.6 23,480 12.0 44,600 
3.8 7,000 5.8 14,840 7.8 24,440 12.5 47,000 
4.0 7,400 6.0 15,800 8.0 25,400 . 13.0 . 49,400 

.Est·imated nwnthly discharge of Snake River at Montgomery Ferry, Idaho. 

[Drainage area, 22,600 square miles.] 

~Month. 
Discharge in second-feet. 

Total in acre
feet. 

Run-off. I 
Second

Depth in feet per 

1897. 

Maxi
mum. 

Mini
mum. Mean. inches. square 

mile. 

January--------------------------- a5,000 307,440 0.25 0.22 
February .......... ---------------- a5,000 277,686 0.23 0.22 
March------------- a5,000 307,440 0.25 0.22 
April . . . . . . . . . . . . . . 10, 775 5, 000 6, 569 390, 882 0. 33 0. 30 
May _ ... _.. . . . . . . . . 4 7, 480 11, ~20 33, 034 2, 031, 195 1. 68 1. 46 
June............... 45, 320 16, 280 30, 248 1, 799, 877 1. 50 1. 34 
July ............... 16,520 6,200 10,711 658,598 0.54 0.47 
Angust ............. 5,900 4,900 5,223 321,152 0.26 0.23 
September ....... _. 5, 100 4, 800 4, 982 296, 449 0. 24 0. 22 
October ............................ a5,000 307,440 0.25 0.22 
November .•........................ a5,000 297,520 0.24 0.22 
December .......... == a5,000 ~7,440 0.25 _ 0.22 ·1 

The year . . . . . . . . . . . . . . . . • . . . . 10, 064 9, 334, 314 6. 02 0. 44 

a Approximate. 
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Sec.-ft. 
60, oooH-+-+-+--Hi-+-+--+-+--H-+-+--+-+--1-+-+-+-H-+-+-+-+-H-++-+-+-t-+-+--t 

a Approximate. 

FIG.160.-Discharge of Snake River at Montgomery Ferry, Idaho, 1897. 

MALADE AND LITTLE WOOD RIVERS. 

Malade and Little Wood rivers are important tributaries of Snake 
River on account of irrigation possibilities within their valleys. More 
or less water for irrigation on a small scale is diverted from them. If 
the flood flows of these two rivers could be stored a considerabJe tract 
of irrigable land could be brought under cultivation. Gaging stations 
on these rivers are located at Toponis, described in Water-Supply and 
Irrigation Paper No. 16, p. 165. 

Rating table for Malade River at Topon-is, Idaho, for 1897. 

I 

I Diooha,ge I Di"hMge. ,_:•ch.,g•l 
Gao-e Discharge. i Gage Gao-e Ga~e 

beig'ht. height. heig'ht. heig t. 

Feet. Second-feet. Feet. Second-feet. Feet. I Second-feet. Feet. Second-feet. 

2.0 0 3.4 320 4.8 1, 490 6.2 3, 020 
2.2 10 3.6 460 5.0 1, 700 6.4 3,240 
2.4 20 3.8 600 5.2 1, 920 6.6 3,460 
2.6 45 4.0 740 5.4 2,140 6.8 3,6SO 
2.8 80 4.2 910 5.6 2,360 7.0 3,900 
3.0 130 4.4 1,090 5.8 2,580 

I 
3.2 210 4.6 1, 290 6.0 2,800 
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Estimated monthly discharge of Malade River at Toponis, Idaho. 

[Drainage area, 2,190 square miles.] 

Discharge in second-feet. Run-~ 
Month. Total in acre- Second-

Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

---
1897. 

June 6-19 .......... 2,360 390 1,455 40,404 0.346 0.664 
July ....... __ --"-- __ 1,000 80 355 21,828 0.187 0.162 
August ............. 80 0 36 2,214 0.018 

~ September _ ........ 30 0 8 476 0.004 04 

Rating table for Little Wood River at Toponis, Idaho, for 1897. 

Gage 
height. Discharge. Ga!te 

heig t. Discharge. 

Feet. Second-feet. Feet. Second-feet. 

1.0 1 2.4 60 
1.2 7 2.6 72 
1.4 15 2.8 84 
1.6 23 3.0 98 
1.8 31 3.2 112 

~ 
40 3.4 127 
50 3.6 143 2 

Ga!t.e 
heig t. Discharge.! 

Feet. Second-feet. 

3.8 161 
4.0 181 
4.2 205 
4.4 229 
4.6 253 
4.8 277 
5.0 301 

Gaflte 
heig t. 

Feet. 

5.2 
5.4 
5.6 
5.8 
6.0 
6.5 

D 

1-

Woharge.l 

Se cond-feet. 

325 
349 
373 
397 
421 

_:j 
Estimated monthly dischm·ge of Little Wood River at Toponis, Idaho. 

[Drainage area, 1,270 square miles.] 

~ Mooth 

Discharge in second-feet. Run-off. 

I Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

---
1897. 

June _ ..... ___ . _____ 481 66 207 12,317 0.182 0.163 
July _ ...... _ ....... 60 1 17 1,045 0.015 0.013 
August .. _____ ...... 91 1 19 1,168 0.017 

~ Septem her ______ ... 143 50 91 5,415 0.080 2 

19 GEOL, PT 4-29 
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BRUNEAU RIVER. 

This river is a tributary of the Snake, entering it from the south, 30 
miles west of Glenns Ferry. A number of small canals irrigate lands 
in the head waters of the stream, but the largest enterprise is the one 
recently completed, that of the Owyhee Land and Irrigation Company, 
diverting water from the lower course to be used for irrigation as well 
as for mining purposes. The capacity of the system is 540 second-feet. 
The gaging station is located below the headworks near Grandview, 
Idaho, and shows the amount of water running to waste. The station 
is described in Water-Supply and Irrigation Paper No. 16, p. 167. 

Estimated rnonthly discharge of B1·uneau, River at Gt·andview, Idaho. 

[Drainage area, 1,800 square miles.] 

~Month. 
Discharge in second-feet. Run~ 

Total in acre- I Second-
Maxi- Mini- feet. Depth in feet per Mean. mnm. mum. 

-I 
inches. J square 

mile. 
I 
I 

1897. I 
0.061 January ............ 120 80 96 5,903 0.05 

February ......... _. 540 100 146 8, 108 0.08 0.08 
March ............. 3,840 85 460 28,284 0.30 0.26 
April . __ .... __ . __ .. 3,060 290 i,641 97,646 1. 01 0.91 
May ... __ . _ ~ . __ .... 2,800 1,810 2,269 139,516 1. 45 1.26 
June .. '(" . ....... _ .. 1,880 410 908 54_, 030 0.57 0.51 
J nly ............... 360 75 196 12,052 0.13 0.11 
August ............. 80 30 51 3, 136 0.03 0.03 
September .. _ .. _ ... 55 40 48 2,856 0.03 0.03 
October ............ 110 55 90- 5,534 0.06 0.05 
November ....... ·- .. 150 100 120 7, 140 o.o8/ 0.07 

I 

December .. _ ....... 150 110 128 7,870 0.08 i 0.07 
----~-

372,0751 The year ....• 3,840 30 513 3,88 I 0.29 
I 
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• Sec.-ft. 
6, 000 l-+-+--+-+-+--+-+-l-+-+-+-1f--+-+-+-1f-+-+-+-l-+-+-+-+-+-+--+-l-+-+--+-+-+-+--+-t 

5, 500 1-+-+-+-+-+-+-+-1-t--t--t-JH--t--Hr--+-+-+--t-+-+-+-t-t--++-t-+--+-t-t-t-t-t-i 

5, 000 l-+-+-+-+-+--+-+-!-+-l-+-1f-+-l--HI--+--+-+-l-+-l-+-t-+--++-H--t-+-H--t--t---i 

4, 500 l-+-+--l-+-+-+-+-!-+--+-+-1f-+-l--HI--+--+-+-l-+-t-+-t-+--++-t-+-t-+-t-t-t-t-i 

4, 000 l-+-+--+-+-+-+-+-l-+-+-+-1f--+-+-+-1f---+-+-+-l-+-+-+-+-+-+-+-l---+--+--l-l-f--+--t--f 

3, 500 l-+-+--+-l-+-+-+-l-lf--+-+-1f--+-+-+-1f---+-+-+-l-+-+-+-+-+-+-+-l---+-+-+-il-f--+--t--f 

3, 000 l-+-+-+-+-+-+-+-l-lt--t-+--IH--t--HH--t-+--t-t--t-+-I-+-+-+-H--+--t-JH--t-t--1 

2, 5oo t-t-+-+-+-t-+-+-HIH~-H&r--~llll+-+-t-t-+-l-t-+-t--t-+-+-ll-+--+-1-+-+-+-+--+--f 
2, 000 1-+-t-+--ii-+-+-1-+-li-

1, 500 1-+-t-+-ii-++-1-+M--

1, 000 1-+-+--+-+-+--+-+-1--at-

500 t-t--t-+J-tt-t--t--t-r.-

0 ................ . 

FIG. 161.-Discharge of Bruneau River at Grandview, Idaho, 1897: 

BOISE RIVER. 

Boise River drains an area above its canyon of 2,450 squar~ miles, 
mountainous and well wooded .. The effect of the latter characteristic is 
seen in the high summer flow which the river maintains. Below the 
gaging station, besides vm;ious small ditches on both sides of the river, 
thirteen good-sized canals are taken out. Their aggregate maximum 
capacity as determined by the State engineer is 1,060 second-feet. 
During the irrigating season they do not run with full banks, the total 
probably not amounting to more than 800 to 900 second-feet. From 
Boise R~ver 32,000 acres are irrigated. This would give a duty of water 
of about 40 acres to the second-foot. During the fall of 1896 the State 
engineer made a series of measurements in Phyllis canal to obtain an 
idea of the loss of water by seepage and evaporation. The length of 
the canal is 35.5 miles. The daily loss was 1.83 inches over the water 
surface, or 30 per cent of the water entering the head. The soil is a 
decomposed lava underlain by hardpan. During the entire season a 
daily record was kept by the management of Phyllis canal, by means 
of weirs, of the water entering at the head, of the amount diverted by 
the different laterals, and of the amount wasting at the lower end. The 
record shows for the four months from June to September, inclusive, 
an average daily loss of 6.4 second-feet, or of 2.76 inches from the water 
surface. 
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From these daily measurements the percentage of the total amount 
of water for the season used during the different periods is found to be 
as follows: 1 

Percentages of total amount of water for the season used during different periods. 

Per cent. 
April 10-30 ..... _ ..... __ ....•..........•• _ ....•............ _ .... __ . . . . . . . . . . . 1. 7 
May 1-31 .............................................. _ .. _. . . . . . . . . . . . . . . . . 4. 9 
June 1-15 ..........•................................ __ ....•..... __ . . . . . . . . . . 6. 8 
June 16-30 .................................................. _. . . . . . . . . . . . . . . 12. 7 
July 1-15 ....•........... _ ........................... _·. . . . . . . . . . . . . . . . . . . . . . . 12. 1 
July 16-31 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12. 5 
August 1-15. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . 11. 4 
August 16-31...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12. 7 
September 1-15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8. 7 
September 16-30 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9. 1 
October 1-15 ................. ----- ...... ...... ...... ...... ...... .... .•••.. .... 7.4 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100. 0 

The manager of Ridenbaugh canal has also furnished an estimate of 
quantities carried in that canal for five months, from which the follow
ing percentages are compiled: 

Monthly percentages of water carried in Ridenbaugh canal from May to September, 
inclnsi?Je. 

Per cent. 
May ............................................................. : . . . . . . . . . . 13. 2 
June.... . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26. 3 
July...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26. 3 
August . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21. 0 
September . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . 13. 2 

Total .......••.....•............••....................... _.. . . . . . . . . . . 100. 0 

The accompanying tables show the amount of water in Boise River, 
as determined at the gaging station in the canyon 10 miles above Boise. 
A description of the station will be found in Water-Supply and Irriga
tion Paper No. 16, p. 168. 

On April18 the river cut into the right bank of the station, carrying 
out the cable and leaving the gage on a small island, so that the record 
after that date is unreliable. A temporary gage was placed May 1~ 
at the Broad way bridge at Boise and a record was kept by it until 
June 17, when a new gage was placed in the canyon 1 mile above the 
old location. The rating table for 1896 as published in the Eighteenth 
Annual Report, Part IV, p. 342, has been applied to gage heights for 
1897 from January 1 to April19. There is then a blank in the estimates 
from April 20 to May 11 owing to the unreliability of the record. From 
May 12 to June 16 the rating table as herewith published for the Broad
way bridge bas been applied. After that date the table for the new 
canyon station is used. 

The amount of water flowing in Boise River, Idaho, was measured on 

~'First Biennial Report of the State Engineer to the Governor c.f Idaho, page 64. 
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August 17, 1885, by· the engineers of the New York Mining and Irriga
tion Company. The point of measurement was in the canyon about 8 
miles above the city of Boise. · The velocity was ascertained by means 
of tin tubes 20 inches in depth. The width of the river was· found to 
be 170 feet and the floats were placed at distances of 30 feet. The 
results give a flow of 960 cubic feet per second. 

During the summer of 1885 the same engineers measured various 
ditches. The results of these measurements, in second-feet, are as 
follows: 

Flow in va1·'ious ditches in 8ttnwwr of 1885. 
. Second-feet. 

Central Park ditch, measured just above Middleton·'··....................... 1 
McDowell ditch .... ·. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . . .. .. .. .. .. .. .. 1. 5 
Middle Mill ditch .... : ...................................................... 4-7 
Middle Canal Company .................... ·: ................................ 36 
Cassady, Moore & Davis canal (since changed and enJarged) .................. · 7.5 
Dry Creek ditch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Walling ditch, October, 1883 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73. 5 
Ridenbaugh canal, October 30, 1888 .............. · ............................ 49 
Mill ditch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 50 

Rating table for Boise Rivm· at Boise, Idaho, fm· 1897. 

Discharge. Discharge. 

Juno 17 to I Ga!te Ga!te 
heig t. Jan.1 to May 12 to I June 17 to heig t. Jan.l to May 12 to 

Apr.19. June 16. ·Dec.31. .A.pr.l9. June 16. Dec.31. 

Feet. Sec.-feet. Sec.jeet. Sec.-feet. l!'eet. Sec.-feet. Sec.-feet. Sec.jeet. 

1.0 520 --- ................. 600 4.5 3, 930 24,875 ....... - ...... -... 
1.2 620 .. .. -- ................ 860 5.0 4, 855 ...... --- ... --- .... -- .... -- ...... 

1.4 720 ... ... -..... "'--- .. 1,120 5.5 5,905 ... ----- ... - ..... .. .. - .. -.... -- . 
1.6 830 .. .. ... ... -... -........ 1, 380 6.0 7, 095 ............. -.. -- . -... - ....... -- .. • 1.8 950 . ... -- ................ 1, 640 6.5 8, 465 .......................... .. - - ........ ~ - - .. 

2.0 1,070 5,500 1,900 7.0 10,110 ....................... 

:-::-- ::::I 2.2 1, 210 7,050 2,160 7.5 12, 345 -- - - ... - - -
2.4 1, 350 8,600 2, 420 8.0 15, 325 i • - - - - •••• -

2.6 1,510 10,150 2, 680 8.5 19, 342 
1 

.. __ ..... -j·. _ ..... _ -~ 
2.8 1,680 11,700 2,940 9.0 24-, 6521.- - - ..... - ... - ...... 
3.0 1,870 13,250 3, 200 9.5 31, 522 . ----. -... :-- - - - .. - - -I 
3.5 2,430 17,125 3,900 10.0 40,1321---------t-=J 4.0 3,120 21,000 5,100 
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Estimated monthly dischm·ge of Boise R-ive1· at Boise, Idaho. 

(Drainage area, 2,450 sq nare ·miles.] 

r- M~th 
Discharge in second-feet. Run-off. 

i Total in acre-
Dopthin 

1 

Second-

I 
Maxi- I Mini- feet. feet per 
mum. ronm. Mean. 

in-ches. square 

I 

! 
mile. 

1897. 
January ............ 1,070 570 818 50,297 0.38 0.33 

l?ebruary .................. 1,350 770 954 52,983 0.41 0.39 

March .......... --- ----- 3,430 770 1, 419 87,251 0.67 0.58 

April1-19 .......... 28,572 2,080 8,102 305,330 2.34 3.31 

. May 12-31. ......... 24,100 17, 125 21,058 835,360 6.40 8.60 

June ............... 14,800 3,460 7,600 452,230 3.46 3.10 

J;uly ............... 4,100 1,380 2,309 141,976 1. 08 0.94 
August ............. 1, 380 795 1,089 66,960 0.51 0.44 

Septe.J?ber ......... 1,250 860 1, 042 62,003 0.48 0.43 
October ............ 1,250 860 1, 020 62,718 0.48 0.42 

li::::; ::::: :::. 1:250 ..... ~0. 1, 077 64,086 0.49 i£J a1, 000 
1 

61,488 0.47 
I i __ • 

1 
I 

a-Approximate. 

a d.pproximate. 
:Fw. 162.-Discharge of Boise River at Boise, Idaho, 1897. 
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PA VETTE RIVER. 

This river drains a well-wooded, mountainous area similar to that of 
·the Boise. The effect of the forest is shown in the well-sustained 
summer :flow. There is a surplus of water in this river at all seasons 
for lands tributary to it, and it will be many years before recourse must 
be had to storage, although a number of fine sites are located in the 
basin, especially at the Payette lakes. A number of canals take water 
from both sides of Payette River, the principal ones from the north 
side being the Lower Payette and Pence ditches. . On the south side 
Last Chance, Enterprise, and Noble ditches irrigate lands from about 3 
miles above Emmett to below Falks Store~ One of the largest irriga
tion enterprises of the State is the Payette Valley Irrigation and 
Water Power Company's system~ The main canal heads about 1 mile. 
above Emmett and irrigates lands almost to Snake River. No water is 
used from the upper 20 miles, the lands being served by the above
described canals. A gaging station is located at the town of Payette, 
near the mouth of the river, an<l shows the amount of water wasted. 
The station is described in Water-Supply and Irrigation Paper No. 16, 
p. 17.0. The rating table for 1896, published in the Eighteenth .Annual 
Report, Part IV, p. 351, has· been applied to the 1897 heights. 

Estimated monthly discharge of Payette River at Payette, Idaho. 

[Drainage area, 3,565 square miles.] 

~Month 
I Run~ Discharge in second-feet. 
I 
Total in acre-

feet. Second-
Maxi- Mini- Mean. Depth in feet per 
mum. mum. inches. square 

mile. 

---

1897. I 

May 14-31..---- ---· 25,570 19,925 23,.139 826,128 4.35 6.49 I 

June _________ ------ 20,350 7,060 11,115 661,387 3.48 

~ .July ..... __ .. ___ --· 7,330 2, 080 4,241 260,771 1.37 

---
9 
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FIG.163.-Discharge of Payette River at Payette, Idaho, 1897. 

WEISER RIVER. 

The drainage basin of this stream is mountainous and rocky in con
trast to the wooded areas drained by the Payette and Boise rivers, and 
the effect is shown in the quick spring· floods and the extreme low
water discharge. .A number of small ditches irrigate lands on either 
side of the river below the canyon, but the principal canal is the Gallo
way, serving lands in the vicinity of Weiser. The maximum capacity 
of the canal is 50 second-feet. The annual rental for water that is used 
from it is $1.50 per miner's inch, it being almost the only system in the 
State in which the annual charge is by quantity of water instead of 
acreage· of land. North of the town of Weiser and above the Galloway 
canal is a stretch of bench land which would produce abundant crops 
if water could be brought to it. .A number of small creeks flow through 
it having spring discharges but running dry in summer. If this water, 
which is now wasted, could be stored in the several natural reservoirs 
which are said to exist in the area it could be well used. Utilization 
of these reservoir sites in the near future is contemplated. A. gaging 
station on this stream is located in the canyon 10 miles above the town 
of Weiser and above all irrigation canals. The following tables show 
the discharge by months. The station is described in Water-Supply 
and Irrigation Paper No. 16, p. 171. 
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Rating table for WeiBer Rive~· near WeiBer, Idaho, for 1897. 

Gage Discharge. Gage I Di•ch"'"'" i Gac:re Discharge. Gac:re 
height. height. height. height. 

S ... nd-ju!.

1 

~---

Feet. Second-feet. Feet. Feet. Second-feet. Feet. 

0.6 80 1.8 650 3.4: 2, 250 1 5.0 
0.7 100 2.0 800 3.6 2, 525 I 5.5 
0.8 120 2.2 970 3.8 2, 820 . 6.0, 

: 
0.9 150 2.4 1,150 4.0 3, 135 6.5 
1.0 190 2.6 1, 340 4.2 3, 485 7.0 
1.2 280 2.8 1, 540 4.4 3,87!5 7.5 

Di •cha<gc.l 
1-

Se cond-feet. 

5,285 
6,735 
8,400 

10,155 
11,950 
13,785 

lii_ 390 3.0 1,760 4.6 4,305 8.0 
510 3.2 1, 995 4.8 4, 775 6 

15, 1»0 I 

EBtirnated rnonthly d-i8cha·1·ge of WeiBer Rivm· at WeiBm·, Idaho. 

[Drainage area, 1,670 sqna.re miles.] 

I Discharge in second-feet. Run-ofi'. 

Month. Total in acre- Second-
Maxi- Mini- feet. Depth in feet per 
mum. mmn. Mean. inches. square 

mile. 

I 
1897. 

April ··---- ------- .. 17, 175 5,555 10,878 647,285 7.26 6.51 
May ............... 11,590 3,135 7,022 431,769 4.84- 4.20 
.June.---------· ____ 2,670 650 1,260 74,975 0.83 0.75 
July.-·---· ........ 800 150 385 23,673 0.26 0.23 
August. _____ .------ 120 80 86 5,288 0.06 0.05 
September ......... 150 100 114 6,783 0.07 
October ....... __ ... ---- ........ ................. a150 9,223 0.10 0.09 

I 

0.081 

~ber .•..•..••.••••.... -------- a150 8,926 o.1o I 0.09 

j mber .................. a150 9,223 o.-1o I 0.09 

a Approximate. 
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111~A2~ . .- r,Ee0 M1~·R2~H ~~~riL ~A2~ ~~~~ ~~L~ 1A,u~r:a ~~~~ ~0cT0 ~,o_v0 1~E2<o·~ 
Se~.-ft . ' 

. 24, 000 t-+,-.t--l!-+-t-t-t--t--+-t-t-+-+-+-t-+-+-+-+-+-+-+-1f-+-t-+-l-+-+-~f-+-t-+--1r-l 

22, 000 l-+-+--+-~-+--+-~-t--+-+-lf-+-t-+-+-+--+-+-1H--+-+-!-+-+-+-+-+-+--t---1H--+--i 

20, 000 t-+---t--t-t-t-+--t-t-t-t---t-+-l-+-+-+-1-t--+-+-l!-+-+-+-f-+-+-+-H--+--+---l!-+-+-l 

18. 000 t-t-t---t-+--i-+-t-t--f-t--t-+-!f-+-+---t-H--t-~1-+-+--f-+-+-+--+-~-+--+-J-+~ 

' 16, 000 

14, 000 

12, 000 

10, {\{\{\ 

8, {\{\{\ J & 

6, 000 

4, 000 

2, 000 

0 
a Approximate • 

. FIG. 164.-Discharge of Weiser River at Weiser, Idaho, 1897. 

PALOUSE RIVER. 

Near the "Cributaries of Potlatch River, a tributary of Clearwater 
River in Idaho, are a number of strea.nis which flow in a westerly diree
tion across the State line into Washington and there unite, forming 
Palouse River. Along the lower stretches this river is a peculiar 
stream, with a fall of not over 10 feet to the mile. For a number of 
miles above and below Hooper it is a succession of deep holes 10 to J 5 
feet deep, connected by short riffles. Its valley is about one-half mile 
wide, bordered with basaltic cliff's approximately 300 feet high. At the 
point where th~ river makes a sudden bend to the south and enters its 
narrow basaltic canyon there is a fine dam site. A dam here, possibly 
400 or 500 feet long and 100 feet high, would impound a large body of 
water extending probably 10 miles up the river. A canal or flume 
could probably be taken from Palouse River below, perhaps at the falls 

. of the Palouse (said to be 130 feet high), and 10 miles below the dam 
site, and brought to irrigate lands north of Snake River in the region 
north of Pasco, Washington. 

Another proposition for irrigating lands in the vicinity of Pasco con
templates a widening of the canal of the Palouse River Irrigation 
Company, beading near Hooper, bringing it across the divide between 
the Palouse and Washtucna valleys and thence down to a reservoir 
site below Washtucna. The lower end of this valley can be dammed 
and the outlet controlled. The feasibility of the project depends on the 
water supply of Palouse River, which is a very flashy stream, rising 
and falling suddenly, and a large canal would be necessary in order to 
obtain sufficient water to fill the reservoir. 
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DAM ON PALOUSE RIVER NEAR HOOPER, WASHINGTON. 
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In 1893 a canal was constructed by the Palouse River Irrigation 
Company, taking water from the left bank of Palouse River, neai· 
Hooper, Washington, to irrigate lands in the vicinity of Wasqtncna, 
11 miles below. .A dam was constructed at the head of the canal, but 
i.t was carried out by a flood two days after it was finishe"Cl. During 
the summer of 1897 the company rebuilt the dam, as shown on Pl. XLII, 
and extended it. The dam is a crib 176 feet long, constructed oil the 
arc of a circlb with the middle ordinate 18 feet. It is to be 16 feet 
high. The abutments are basaltrock.- The bottom width of the dam 
is 40 feet. .A part of the old darn, 10 feet wide, is used as an apron 
for the new dam. The water at this point is 9 feet deep at low stages. 
The canal is 10 feet wide on the bottom, with a grade of 1.5 feet to the 
mile-too light a grade for a canal of this size. Three miles below the 
bead it crosses the Palouse in an inverted siphon, 4 feet in diameter, 
of the Hawkes dovetail pattern. The difference in elevation is about 
40 feet from the bottom of the ditch to the lowest point of the pipe 
line. ·The length of the pipe is about 1,000 feet. It cros~es the riYer 
proper on a well-constructed· _wooden bridge 500 feet below the railroad 
bridge. Eight miles from the darn th~ canal crosses the divide between 
the Palouse drainage and Washtucna Valley. .At this point, called 
"The Summit," the cut is 16 feet through a partly cemented coarse 
gravel. It is thought that Palouse River originally extended down to 
Washtucna Valley and emptied into Columbia River· near the mouth 
of Snake River. The topography of the valley of the Palouse is simi
lar to that of the Washtucna. 

There are two flumes along the length of the canal, one 300 and the 
other 400 feet long. They are ·8 feet wide on the bottom and 3 feet high. 
The sides and bottom are of 2 by 12 inch plank, with 4 by 4 inch side 
pieces. At the time of inspection, in September, 1897, the flumes were 
in very bad condition, with cracks fully one-half inch wide between 
the planks. They may possibly swell up and close, however, when 
water is let down the canal. The canal is designed ~o irrigate 4,000 
acres, and its computed capacity is 30 second-feet. The old canal 
was constructed to within 2 miles of Washtucna. It is, however, to 
be extended, but with a bottom width reduced to 5 feet . 

.April1, 1897, the Northern Pacific Railway Company established a 
gaging station on this river near Hooper. September 9, 1897, this 
Survey took charge of the station, placing the gage rod 1 mile below 
the former location and opposite the water tank of the railroad com
pany. It is located about 3 miles above the mouth of Cow Creek and . 
2 miles below the head of the ditch of the Palouse Irrigation Company, 
which carries, when full, 25 second-feet. The station is located here 
above Cow Creek because of the desirability of having information on 
the available flow for the Washtucna reservoir proposition. A suffi
cient number of discharge measurements were not made in 1897 on 
which to base the construction of a rating table. The two following 
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measurements of discharge were made this year: September 9, gage 
height, 2.10 feet; discharge, 73 second-feet. October 1, gage height, 
1.90 feet; discharge, 50 second-feet. This latter figure is probably the 
minimum flow of the river. 

CLEARWATER AND ADJACENT RIVERS. 

During the course of the survey of the Bitterroot Forest Reserve, in 
1897, Mr. J. B. Lippincott, topographer, made a number of measure
ments of discharge of streams in Idaho and Montana, chiefly within 
the reserve. They are as follows: 

Dischm·ge of strearns in Bitterroot F01·est Reserve. 

~---------------L-o-ca_li_t)_'·--------------·:--------l--Area of Volume./ basin. 

1897. Sq. miles. 

July 31 Moose Creek above junction of Cedar Creek. 83 
Do .... Cedar Creek at mouth ...............••...... 39 

Aug. 8 Laksha at Jerry Johnson's, below the junc-
tion Hot Springs Creek ......... __ ........ . 592 

Aug. 21 Lolo Creek at Kamiah and Weippe trail cross-

ing ...•................... _ ........................ . 

Aug. 22 Clearwater River at Kamiah...... . . . . . . . . . . . 4, 300 
Do . . . . South Cle_arwater at Stew~rt's . . . . . . • . . . . . . . . 900 

Sept. 9 Selway crossing, Elk Summit trail._......... . 108 

(a) Snal'e River at Texas Rapids, 'Vashington ............ . 

Aug. 27 Spokane River, Spokane .............................. . 

30 Bitterroot River, Como P. 0 .......................... .. 

. . . . Como Creek below Lake Montana.. . . . . . . . . . . .. ....... . 
--- I I 

a Summer stag;e. b Approximate. 

Second-feet. 

100 
25 

841 

120 
2,527 

300 
140 

26,000 
2,937 
b800 

4 

The above measurements are for the low summer stage of the 
streams. While the measured volume of the Laksha at Johnson's is 
but 841 second-feet, it is much larger at its junction with the main or 
longer stream near Stewart's, and it is probable that its volume at its 
mouth is greater than either of the other large streams of the reserve, 
the main Clearwater or the South Clearwater. 

The striking hydraulic feature of this country is its lakes. They are 
numerous, but are small, averaging perhaps 5 acres in area. The 
northeast sides of the peaks in the higher mountains are usually cliffs 
of 1,000 feet or more, and at the foot of each a lake is generally found. 
These lakes are not sufficiently large to be a factor in the storage of 
water for any extensive purpose. The most important is Como Lake, 
in 1\fontana, which could be made to hold 30,000 acre-feet of water at 
very slight cost, and there is sufficient drainage back of it to fill it 
each year. The reserve contains very few reservoir sites. The only 
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others of importance are on the South Clearwater. The Little Elk and 
Ryan meadows would be worthy of survey in this connection. There 
is said to be a reservoir site 5 ~iles northeast of the Newsome House, 
on Newsome Creek, and one 12 miles southeast from Buffalo Hump, on 
the Salmon drainage. The trouble with these alpine meadows for 
reservoir sites is that they have too little drainage back of them. 
These reservoirs would be valuable to hold flood water for summer 
placer mining around Elk City, and it is possible that this water might 
afterwards be conveyed to the prairie lands about Grangeville, Idaho. 
This plain is known as the Camas Prairie. It is 30 miles long and 20 
miles wide, and its mean elevation is about 3,000 feet. It is bounded on 
the north by Clearwater River, on the south by Salmon River, and on 
the east by South Clearwater River. It is a gently rolling prairie. 
The bed rock is basalt, with a deep, rich soil covering. The rainfall is 
slightly over 20 inches, occurring chiefly in winter. The largest local 
stream is Cottonwood Creek. Little irrigation is practiced, but it is 
needed. 

There is a hot spring at Johnson's, on the Laksha, of 1 second-foot 
capacity and a temperature of 1000 F. There is also one on Horse 
Creek, on the north side of Mineral Hill, of 0.5 second-foot capacity 
and temperature soo F .. A third hot spring of large volume is approxi
.mately 10 miles southeast of Elk Summit Peak, on the north bank of 
a deep canyon. 

YAKIMA RIVER. 

Yakima River, as shown in fig. 165, has its source in Keechelus 
Lake, on the eastern slope of the Cascade Mountains, in Kittitas 
County, Washington. At Easton it receives Kachess River, which is 
only 3 miles long, being the outlet of the lake of the same name. Two 
and one-half mi1es above Clealum it receives the last of the three 
large head-water tributaries, the outlet of Clealum Lake. The val
ley of Yakima River is comparatively narrow until it widens out into 
Kittitas Valley, in which Ellensburg is located. The town has an ele
vation of 1,550 feet above sea level. The vicinity is devoted to agri
cultural interests, the cereals and alfalfa being the chief products. It 
has been found to be rather too cold for orchard products, which do 
better at North Yakima, 36 miles below, and 500 feet lower in elevation. 

The Northern Pacific Land Department, in 1892, had extensive plans 
for irrigating the Kittitas and North Yakima valleys and the country 
southward, and made extensive surveys for reservoir sites of the three 
lakes named above and also of Bumping Lake, on Bumping River, a 
tributary of Naches River. The outlets of all the lakes are through 
glacial deposits. They can be easily clammed by structures 30 feet in 
height, and it was the original plan of the Northern Pacific, Yakima 
and Kittitas Irrigation Company to construct crib dams of this height 
at all the lake outlets. This plan was not carried out. The :final out
come was the construction of Sunnyside canal, below North Yakima. 
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The surveys of this company showed that the proposed reservoir at 
Keechelus Lake, with a dam 30 feet in height, would have a capacity 
of 50,800 acre-feet. · 
, Irrigation is practiced to a considerable extent in the vicinity of 

Ellensburg. The largest ditch is the Town ditch, as it is called, which 
~akes water from the left b&,nk of the Yakima at Thorp, 6 miles above 
Ellensburg. ~T ust below the town this canal passes through a ridge, by 
means of a tuimel, and then irrigates lands for 10 miles below. The 
canal is 16 feet wide at the head. Another canal takes water from 
Tanum Creek and continues southward, ending about opposite Ellens-

FIG. 165.-Map of drainage basin of Yakima River, Washington. 

burg. A number of small local ditches use water from Manastash 
Creek, as well as from Reeser, Nanum, and Cherry creeks. A small 
diversion is made from one of the tributaries of Swaak Creek, east of 
McCallum, bringing water through G-reen Canyon and into the head of 
Reeser Creek to be used below. Four years ago a canal taking water 
from the right bank of Yakima River at Easton was started. Con
tinuing southward, it crossed the river, just above Dudley, to the 
eastern side. It was then to be extended below Ellensburg, emptying 
into the river at the liue of foothills. This canal was constructed in 
stretches to a point below Dudley. Such works as flumes, crossing 
gulches, etc., were not undertaken. Nothing has been done with this 
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A. WING DAM AND HEAD GATES OF NACHES AND COWICHE CANAL, ABOVE NORTH YAKIMA, 
WASHINGTON. 

B POINT OF MEASUREM ENT OF YAKIMA RIVER AT SELAH, WASHINGTON. 
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canal for the last two or three years. It was known as 'the Kittitas 
Valley irrigation canal, or Middle canal. It was to be 20 feet wide at 
the head, and at about the point where construction stopped it was 350 · 
feet in elevation above Ellensburg. 

At the lower e1,1d of Kittitas Valley Yakima River enters the canyon, 
through which it flows for about 20 miles. At Selah the valley broadens 
out into what is known as Selah Valley, which is about 4 miles long 
and 3 miles wide. At the lower end of this valley the river passes 
through another ridge, or the "Upper Gap," a~ it is called, and enters 
the North Yakima Valley. 

The region near North Yakima, shown on fig. 166, is more exten
sively irrig·ated than any other area in the State and contains the 
largest systems of canals. The following are the principal canals tak
ing water from Naches River: 

The Selah Valley irrigation canal is on the north side of the r~ ver, 
heading just above the mouth of Tieton RivQr, about 20 miles from 
North Yakima. It irrigates land in Selah Valley and has about 1,000 
acres in cultivation under its 30 miles of length. Below head the 
Wapatuck and Naches canals, each about 7 miles long. They irrigate 
the bottom lands of Naches ValleyJ ~ 

On the south side, the Yakima Valley canal heads about 12 miles 
from North Yakima and for the first 10 miles of its course is in a flume. 
At the point known as ''Painted Rocks" it is carried around on a trestle 
about 70 feet high, and thence enters immediately an inverted siphon, 
which carries the water across the Cowiche Canyon. It continues for 
about 2 miles, again in flume, and then enters its canal. The siphon is 
the ordinary type of wooden sta~e pipe bound by iron bands. A view 
of it is shown in Part IV of the Eighteenth Annual Report, Pl. XXX, 
on page 356. The entire length of this canal is 16 miles. 

The Naches and Cowiche, or Hubbard, ditch, heads at "Painted 
Rocks," 5 miles northwest of North Yakima andjust below the Nelson 
bridge over Naches River. (See Pl. XLIII, A.) . 

The canal of the Yakima Water, Light and Power Company, and the 
Shanno, Broadgauge, Union, and Town ditches head between Hubbard 
ditch and the lower highway bridge, in the order named, downstream. 
Their combined length is about 25 miles, and they serve principally 
the lands lying in the immediate vicinity as well as the town of North 
Yakima. A drop of 20 feet is obtained in the waterworks canal, devel
oping sufficient power for an electric-light service for the town and for 
a pumping plant for a water-pressure service. ' 

Three canals take water from the east side of Yakima River, just 
below the mouth of the Naches, supplying water for Moxee Valley. 
They are known as the Moxee, Hubbard, and Fowler ditches. 

The canal of the Yakima Investment Co tpany, or Sunnyside canal, 
heads on the east side of Yakima River 9 mLes south of North Yakima 
and 3 miles below the gaging station of the United States Geological 
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Survey at Union Gap. It is 42 miles long and bas a large acreage in 
cultivation under it. On September 21 the discharge of this canal3 
miles below its head, before much water had been diverted for irriga
tion, was 88 second-feet. Land under this canal was at first held from 
$50 to $80 an ~.ere. In the autumn of 1897 the company was reorgan
ized and the land was placed on the market at $30 an acre. 

In 1895 the survey of a large canal, called the Naches and Columbia 
River irrigation canal, was made under the direction of the State 
arid land commission, an office formed after the passage of the Carey 
Act. The canal was to bead on the north side of' Naches River, 3 
miles below the head of Selah Valley canal. It was to cross Yakima 
River a short distance above the mouth of the Naches by means of 

FIG. 166.-Map of canals in vicinity of North Yakima, Washington. 
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an immense inverted siphon, circle Moxee Valley, pass through the 
Union Gap Ridge by means of a tunnel 6,100 feet long, and continue 
down Yakima Valley to the Rattlesnake Range, around which it was 
to pass to lands overlooking Columbia River. It was to be 140 miles 
long and. to carry at its bead 2,000 second-feet of water. The intention 
was to use as a storage reservoir, in connectio.n with this proposition, 
Bumping Lake, on Bumping River, a tributary of the Naches, by plac
ing a dam 25 or 30 feet high at the outlet of the lake. A survey of this 
reservoir sitA was made in September, 1894, by the Northern Pacific, 
Yakima and Kittitas Irrigation Company, in connection with extens~ve 
plans for the irrigation of the Kittitas and Ya];rima valleys, which 
culmin~,ted in the construction of the Sunnyside Canal. This company 
and its successor, the Yakima Investment Company, have endeavored 
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to segregate the site, but have faileq, probably because it was on 
unsurveyed land and the surveys did not connect it with a Govern
ment corner, and other parties claimed the site before the survey aqove 
mentioned was inade. 

The following description of the Yakima Indian Reservation canal is 
furnished by Mr. Sydney Arnold, civil engineer, of North Yakima: 

The canal heads about 1 mile below t.he United States Geological 
Survey gaging station at Union Gap, or 7 miles below the town of North 
Yakima, Washington, and was completed during the summer of 1897. · 
It heads. on the right bank of the river. · The first half mile follows a 
natural slough, or channel, having a total fall of 7 feet. Then comes 
the constructed main ditch of the following dimensions: Bottom width, 
12 feet; side slopes 2 to 1; maximum depth of water, 2.5 feet; grade, 
2.5 feet for the first mile. The discharge by Kutter's formula is 85 
second-feet. This is the maximum capacity of the present canal, and 
not 314 second-feet, as currently reported. The total length of the 
main ditch is 15.47 miles, with 13.66 miles of laterals. The ditch was 
constructed from an appropriation allowed by the Indian Bureau, under 
the direction of the agent of the reservation. The work was done by 
the Indians, and the water is to be used by them. 

During the summer of 1897 a commission composed of three members 
was endeavoring to treat with the Indians to allot a certain number of 
acres to each Indian and then to purchase the rest of the reservation 
with the idea of opening it to white settlement. 

At Prosser there is a turbine power and pumping plant in operation 
capable of irrigating about 3,000 acres, besides furnishing water for 
factories and other purposes. The pump raises water to an elevation 
of 100 feet, with a power-producing fall of 20 feet. There are two 
turbines, 48 inches in diameter, each capable of developing 135 horse
power under a 12-foot head. The pump engines have a 25-inch cylinder 
and 24-inch stroke, each with a capacity of 4,000 gallons per minute. 
About 600 acres are now irrigated from this plant. Below Prosser 
another canal is taken out of the left bank of Yakima River, about 5 
miles above Kiona, irrigating land in this vicinity. There is one flume 
about 2,000 feet long. The water supply is, however, insufficient for 
the needs of the orchards around Kiona. The canal of the Yakima 
Irrigation and Improvement Company, or the Leadbetter ditch, taking 
water from Yakima River near its mouth, was intended to irrigate 
lands in the vicinity of Kenniwick, but it was never completed. Near 
the mouth of Yakima River is a large irrigation wheel 50 feet in 
diameter, which lifts water from the river and irrigates the land of a 
private ranch. 

Several years ago there was considerable discussion of the possibili
ties of irrigation at Pasco. This section is level and well adapted to 
irrigation, although the soil is light and blows about considerably under 

19 GEOL, PT 4-30 
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the strong winds that prevail there at times. There have been a num
ber of propositions for irrigating this section, both by gravity ditch 
and by pumping from Col~mbia and Snake rivers. Another proposi
tion is to use as a reservoir Washtucna Valley, taking water from 
Palouse River by means of a canal beading near Hooper, as noted on 
pages 458 and 459. 

Mr. Sydney Arnold, hydrographer in charge of the Washington 
stations, made two measurements of considerable interest in the fall of 
1897. One was of the Columbia River at Pasco, measured from the rail
road bridge, and is as follows: Octobers, water surface, 39.8 feet below 
the railroad ties; maximum depth, 23.5 feet; _width, 2,041 feet; area, 
23,979 square feet; discharge, 69,134 second-feet. The other was of 
Snake River at the railroad bridge, just above its mouth, 3 miles fro:r;n 
Pasco, as follows: October 9, width, 801 feet; area, 10,099 square feet; 
discharge, 20,081 second-feet. 

COWICHE RESERVOIR .AND CANAL COMPANY. 

In November, 1896, construction work on a reservoir for irrigation 
pur:poses was started in the basin of Cowiche Creek, 25 miles northwest· 
of North Yakima. The following description is furnished by Mr. Syd
ney Arnold, of North Yakima, the engineer of the enterprise: 

The reservoir is situated in sec. 8, T. 14 N., R. 17 E., Willamette 
meridian, on the summit of the dividing ridge between the Naches and 
Cowiche valleys, and comprises the eastern half only of a compartively 
shallow natural basin or depression, having no outlet and receiving no. 
drainage. The extreme dimensions of this basin are, approximately, 
1.5 miles in length and three-fourths of a mile in width. The portion 
of the basin appropriated as a reservoir is about one-half mile square 
and is separated from the remainder by an earthen dam about 15 feet 
in height and 1,300 feet in length. 

In addition to this dam some unimportant dikes will be built across 
short gaps or low places on the rim of the depression, in order to admit 
of a total depth of water of about 13 feet. 

The dam, as proposed, will be 10 feet wide on top; inside slope, 2 to 1; . 
outside slope, 1.5 to 1. The outlet consists of an 8-inch diameter, 
wrought-iron pipe, 60 feet in length, laid in a trench cut through the 
hillside, for the most part in solid rock. The trench will be refilled 
above the pipe only, the remaining portion being left open. Near this 
point also will be located the waste weir, this and the outlet pipe dis
charging into the irrigating ditch. The gate is constructed in the man-

6 

ner described by F. H. Newell on page 189 of the Yearbook of t.he 
Department of Agriculture for 1896. 

The water supply for the reservoir is obtained from the north fork 
of Cowiche Creek by means of a canal about 3 miles in length, which 
discharges into the reservoir near the south end of the dam. The mini-
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mum grade of the canal is 5 feet to the mile and the maximum about 
20 feet to the mile. Dimensions are 6 feet wide on bottom; side slopes, 
1 to 1; depth of water, 2 feet. The surface soil averages about 3 feet 
deep. The bottom of the canal is for the most part on rock or cement 
and gravel, water-tight, and admitting of high v~locity. The entire 
canal is in earthwork and there are no flumes. The reservoir covers 
165.42 acres. The maximum depth of water on completion of the dam 
will be 13 feet and the capacity 409,305,600 gallons, or 1,256 acre-feet. 

The reservoir will be filled annually during the flood season, in Feb-· 
ruary and March, at which time an abundant supply of water c~n be 
obtained from Cowiche Creek. 

At the commencement of the irrigation season, in April, the head 
gates of the canal will be shut down for the year, as the ordinary sup
ply of the creek is already fully appropriated for irrigation purposes 
by the settlers in Cowiche Valley. 

This enterprise was undertaken by a number of settlers in the upper 
Cowiche Valley who desired to avail themselves of the prov.isions of 
the act of Congress approved March 3, 1891, sections 18, 19, 20, and 21 
(26 Stat. L., 1095), which provides for the building of reservoirs for irr:i
gation purposes and allows the right of way of canals through the 
public lands. 

In 1898 irrigation will first be practiced by putting in cultivation a 
small tract of land adjoining the reservoir on the south. This reser
voir, although small, is believed to be the first of its kind in the State; 
that is, where the water supply i~ dependent solely on the reservoir. 

ARTESIAN WELLS. 

Southeast of N ortl;t Yakima, in the upper part of Moxee Valley, a 
number of artesian weils have been sunk. The first two or three that 
were drilled in 1892 by the Yakima Land Company were not very suc
cessful, owing to one cause or another. Some of them were probably 
too high; others were choked by stones and gravel and failed to flow. 
Within the last year or so others have been sunk at a lower level and 
most of them are successfully flowing. The accompanying table gives 
the main facts regarding them. ~J:.lhe wells penetrate alternate bed13 of 
clay, sand, gravel, shale, and sandstone of the John Day system, a.nd 
interstratified beds of basalt. 

A detailed description of the geology of this vicinity will be found 
in Bulletin No. 108 of this Survey, entitled A Geological Reconnais
sance in Central Washington, by I. C. Russell. 
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Artesian wells in Moxee Valley, nea1· N01·tlt Yakima, Washington, September 1, 1897. 

Location. 
Ele>a· Depth Yield 

Well. Completed. well. eter. tion. Depth to per IN• Sec. T. R 

Coot of I Diam. 
water. mmute. 

- 1----------

I Inches. Feet. Feet. Feet. Ou.jt. 

1 Clarke's No.1. 

3~1 
12 20 1893 ..... $2,0006-4.5 1,043 9401 700 144 

2 Clarke's Nos. 13 20 1892 ..... 

1 

2, 500
1
5-3. 5 1,060 1, 050 800 84 

2 and 3. 

3 Meig's ....... 32 13 20 .......... , ....... 6 1,140 623 120 18 

4 Yakima Land 4 12 20 1892 . . . . . . . - - - - - . - - - .. 1,258 5001 ...... 0 

Co. No.4. 

5 Yakima Land 3 12 20 1892 ..... 
0 

b1, 131 31+····1···-'·· .............. 

Co. No.1. 

6 Yakima Land 3 12 20 Feb. 25, 6 1,141 I 30 .................. 3401 ...... 
Co. No.3. 1892. 

7 Bradford ..... 9 12 20 Mar. 25, 600 4.5 1,090 3861 ...... 36 

1897. 

8 Dickson ...... 8 12 20 (a) 200 4.25 ...... 294/ ...... ... ............ 

9 Gano ......... 8 12 20 Apr. 17, 400 3 1,005 649! ...... 30 

1897. 
5501 ...... 10 Ellens ............... 7 12 20 (a) ... .............. 6 1,000 ---- ... 

11 Longwin ..... 8 12 20 Sept., 1893 ....... 3 1,005 637 ------ 28 

12 Haines ....... 8 12 20 Mar. 24, 1 ....... 6 1,080 702 ............... 22 

1896. I 
13 Spratt ....... 8 12 20 ~eb., 1897 800 6-3 ----·- ·835 .............. 30 

14 SteinwegNo.1 10 12 20 May 29, 
1 

••••••• 6 1,120 280 ............. 45 

1894. ! 

15 I SteinwegNo. 2 10 12 20I 8·::;:_5, 
1 

..... 
6 1,124 404 ............. 30 

... :1J 16 SteinwegNo. 3 1Q 12 20 June12, 1· ...... 6 1,124 534 

17 Yakima Land 4 12 
1 1895. 

·8 1,195 617 20

1 

Jan., 189\ ...... 
Co. No.2. 

aN ot finished. b Approximate. 

The wells are referred to sea level. No.1 of the Yakima Land Com
pany was found by aneroid to be 151 feet above the Northern Pacific 
Railway elevation of 1,000 feet at North Yakima. The elevations of 
the other wells were found by spirit level from this one. 

These logs show little conformity. This is partly due to errors in 
describing the formations, as well as to the variations in the formations 
themselves. The Dickson and the Ellens wells were in course of drill
ing when visited in September, 1897. 
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SEEP .A.GE ME.A.SUREl\ffiNTS. 

The valley of Atanum Creek, southwest of North Yakima, was one 
of the earliest sections irrigated in this vicinity. "For several years all 
the available summer flow of this stream has been utilized for irriga
tion, and a number of cases have been tried in the courts as ·a con
sequence. During the season of unusually low water in 1892 an action 
was instituted in the superior court of Yakima County by certain 
riparian proprietors on A tanum Creek " to restrain certain appropria
tors from diverting the water of said stream from above and conduct- · 
ing the same to and upon their land, situated at a distance therefrom, 
for the purposes of irrigation." The injunction was granted and the 
case was appealed to the State supreme court, where it was upheld by 
decision rendered July 2, 1897. 

A large body of land is under cultivation on the benches north of the 
river, and it would seem that under this decision irrigation will have 
to be discontinued unless water can be obtained from other sources. 
On July 26 the discharge of Atanum Creek, just below the junction of 
the north and south forks, was 40.1 second-feet. This is above the 
beads of most of the important canals. 

It has been suggested that the canal of Yakima Valley Canal Com
pany be extended to serve lands in Atanum Valley. This is hardly 
expedient, for two reasons: First, the canal is not high enough to cover 
much of the valley; second, it carries hardly sufficient water for the 
land now under it and for which water rights have been sold. A sur
vey was made a few years ago of a canal, called the Burlingame Canal, 
which headed on the south side of Naches River, just below the mouth 
of Tieton River. It was carried some distance up Atanum Valley, 
around the ridge on the south ~ide of the creek, and on to the bench 
lands above Toppenish Creek on the Yakima Indian Reservation. 
About 3 miles of construction work in the shape of excavation was 
accomplished near the head. 

The canal down to Painted Rocks would be expensive to construct, 
on account of the hard basaltic formation through ~bich it passes. 

July 25, 26, and 27, 1897, a series of measurements of Atanum 
Creek and of the canals taking ·water therefrom was made by Cyrus 
C. Babb, for the purpose of determining the seepage, or the amount 
of water returning to the creek. Some difficulty was encountered in 
making these measurements, on account of a thick underbrush which 
borders the creek for nearly its entire length and is almost impene
trable in places. Difficulty was also experienced on account of the 
hostility of a number of ranchers who thought that the hydrographer 
was a person sent by the supreme court to turn off the water from 
their canals, as the measurements were made immediately after the 
decision above referred to was rendered. For this reason the results 
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are not altogether satisfactory. The following list, numbered consecu
tively downstrAam, shows the discharge measurements made: 

Discharge measurements made on A.tanurn Creek and canals taking water thm·ejrom. 

I 
No. j ______________________ L_o_c_a_li_ty_. _____________________ ,~''h~g•·l 

Second-feet. 

1 North Fork, Atanum, above Anderson's ranch, sec. 12, T. 12 

·N., R.15 E ........................... _ ..... -~-- ...... --.... 50.1 

2 Cox ditch at Charles Anderson's, sec 12 ... ___ ... _ .... -.. . . . . 6. 9 

3 .Two small ditches below Cox d1tch, sec. 12·............ .. . . . . . 1. 0 

4 Slough at Dan Kinney's bouse, sec. 7, '.f. 12 N., R.16 E ....... . 

5 North Fork road bridge near Tampico, sec. 18 ... __ .......... . 

6 w·aste water near .Allen's house (into creek) ................. . 

7 Atanum Creek below forks, sec. 17 .......................... . 

8 Dan Lesh ditch, sec~ 16 .................................... .. 

9 Atanum Creek at Narrows, or Rocky Cliff ............... - .... . 

10 Herke's ditch (upper), sec. 14 ............................... . 

11 Herke's ditch (lower), sec.14 .............................. .. 

12 Morris ditch, above North slough ...... _ ......... _" ......... . 

13 Small Catholic Mission ditch .............. __ ................ . 

14 North slough, above mission, sec. 13 ........ _ ...... _ ......... . 

15 Atanum Creek, 100 feet below Middle slough ............... . 

16 Middle or Second slough, 75 feet below head, sec. 18, T. 12 N., 

4.5 

25.2 

2.2 

40.1 

0.6 

49.8 

0.5 

0.5 

2.5 

0.3 

23.4 

9.0 

R. 17 E ............................ _ ................. _ . . . . . . 9. 8 

17 Lynch ditch, sec.17 . . .. .. . .. .. . . .. .. .. .. .. . . . .. . .. .. .. . . .. .. 0. 3 

18 Yallup Indian ditch, sec. 1G.. ... . .... .. . ... .. . ... .. . . .... . ... . 0. 3 

19 Atauum Creek, below Indian ditch .. . . .. . .. . .. .. .. .. .. .. . .. . 8. 4 
20 Simpson's ranch ditch ... __ ... _ ....... _ ................... _ . . 3. 0 

21 '\Voodhonse ditch ... _ ... _ ............................... _.... 0. 6 

22 Atanum Creek at Woodhouse ranch, sec.14................... 0. 7 

23 Atanum Creek at Tanner bridge, sec. 8, T.12 N., R. 18 E . . . . . . 0. 8 

24: Indian ditch, sec.8 .... .... .... .... .... .... .... .... .... ...... 1.0 

25 Atanum Creek, line between secs.ll and 12 . . . . . . . . . . . . . . . . . . 0. 9 

26 Waste slough, sec. 1. .. . .. . . .. .. .. .. . • . . .. .. .. .. .. .. .. . .. . .. .. 2. 5 

27 Wide Hollow waste slough, sec. 1 .... -... . . . . . -.-.-- --- ... -- ~=· ~ I 
'--2-8--_A_t_a_n_u_m __ c_r_e_ek __ , _u_n __ i_on __ G_a_p __ b_r_id_g __ e_, _se_c_._8_, T __ . 1_2_N __ .,_R_._1_9_E_._·_· ·_·....:__~ 

The first measurement was made on the North Fork at Anderson's 
ranch in sec. 12, T. 12 N., R. 15 E., about 2 miles above Tampico pos~
office, or 3 miles above the junction with the South Fork. The discharge 
was 50.1 second-feet. Then came measurements Nos. 2, 3, and 4, of the 
small ditches or sloughs from the left bank of the creek. Their com-

. bined flow was 12.4 second-feet. This, subtracted from the first meas
urement, leaves a difference of 37.7 second-feet. Subtracting from this 
amount 2~.2 second-feet, measurement No.5 of the North Fork at the 
bridge at Tampico, leaves a difference of 12.5 second-feet, which shows 
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a loss between these two points. It is almost impossible to get down 
to the creek along here, and there may be on.e or two small ditches 
from the right bank. 1\'1 easurement No. 6 was of waste water returning 
to the creek, amounting to 2.2 second-feet. Adding this to measure
ment No.5, 25.2 second-feet, gives 27.4 second-feet. This, subtracted 
from measurement No.7 of Atanum Creek, one-half mile below the 
junction of North Fork and South Fork, which was 40.1 second-feet, 
leaves a difference of 12.7 second-feet· for the discharge of the South 
Fork. Measurement No.8, of the Lesh ditch which takes water from 
the left bank of the creek in sec. 17, T. 12 N., R. 1G E., or three-fourths 
of a mile below th~junction of the two forks, is 0.06 second-foot. Meas
urement No. 9, of the creek at "The Narrows," about the center of 
section 15, is 49.8 second-feet. Subtracting from this the sum of meas
urements Nos. 7 and 8, the result shows a gain. of 10.3 second-feet in a 
distance of 2! miles. Measurements Nos. 10 to 13, inclusive, are of 
three small ditches, taking water from the left bank of the creek 
above the Catholic mission. Their total discharge is 3.8 second-feet. 
This sum, subtracted from the discharge at "The Narrows," leaves 
46.0 second-feet. In the vicinity of the Catholic mission two natural 
sloughs take a large part of the flow of the creek, and a large number of 
small canals take water from them lower down. In this series of measure
ments the sloughs were considered simply as canals or channels from 
the main creek and were not measured below the head. Measurement 
No. 14 is of the north slough just above the mission. Measurement 
No.16 is of the middle slough, which diverts water a quarter of a mile 
below the mission. Measurement No. 15 is of the main creek, 100 feet 
below the mouth of the middle slough. The sum of measurements 
Nos. 14 to 16, inclusive, is 42.2 second-feet. This, subtracted from 46 
second-feet, found above, shows a loss of 3.8 second-feet. 

Measurement No. 15 of Atanum Creek below the middle slough is 9 
second-feet. The sum of the two small ditches, measurements Nos. 17 
an~ 18, taken out between this point and the next measurement of the 
creek, is 0.6 second-foot, which, subtracted from measurement No. 15, 
leaves 8.4 second-:(eet. Measurement No. 19 is 8.4 second-feet~ which 
shows neither loss nor gain in the distance of 2.5 mile.s. The sum of . 
measurements Nos. 20 and 21, of two ditches from the left bank, is 3.6 
second-feet, which, subtracted from measurement No. 19, leaves 4.8 
second-feet. Atanum Creek measurement No.22, at Woodhouse ranch,. 
gives 0.7 second-foot. This shows a loss of 4.1 second-feet between 
measurements NOS. 19 and 22, in a distance of 1i miles. The sum of 
measurement No. 23, of the creek at Tanner bridge, in sec. 8, T.12 N., 
1{. 18 E., and of measurement No .. 24, of Indian ditch, gh:es a result of 
1.8 second-feet. This shows a gain of 1.1 second-feet between measure
ments Nos. 22 and 23; in a distance of 3 miles. The difference between 
measurements Nos. 23 and 25, taken out of the creek, shows a gain of 
0.1 second-foot in a distance of 3! miles. 1\'Ieasurement No. 28, at the 
highway bridge, just above the mouth of the creek, shows a discharge 
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of 12.5 second-feet. This amount comes chiefly from the waste of Wide 
Hollow slough. 

The following table gives a summary of the above measurements: 

Suntmary of 1neasurements on Atanum Creek and canals taking water therej1·om. 

Second-feet. 
1. North Fork above Anderson's ................... ~ ............. _.. . . . . . . . . . 50. 1 
2. John Cox ditch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6. 9 
3. Two small ditches .................................................... 1.0 
4. Slough at Kinney's...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 5 

. ------· 12.4 

Difference .............................................................. 37. 7 
5. North Fork at bridge ................................. .' ................... 25.2 

Loss. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 12. 5 

5. North Fork at bridge ............................................... 25.2 
6. Waste 'vater ........................................................ 2.2 

--- 27.4 
7. Atanum Creek, below junction of North and South forks .................. 40.1 

South Fork ............................................................ 12.7 

7. Atanum Creek, below junction ....................................... 40.1 
8. Lesh ditch ........................ ___ ..... . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 6 

---39.5 
9. Atanum Creek at Narrows ................................................ 49.8 

Gain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10. 3 

9. Atanum Creek at Narrows ........................................... 49.8 
10 and 11. Herkes ditches ........................................... 1. 0 
12. Morris ditch .................................................... 2.5 
13. Small Mission ditch ............................................. 0. 3 

3.8 
-- 46.0 

14. North slough. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 23. 4 
16. Middle slough....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9. 8 
15. Atannm Creek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9. 0 

--42.2 

Loss. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 8 

15. Atanum Creek, below Middle slough ...................................... 9.0 
17. Lynch ditch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 3 
18. Yallup Indian ditch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 3 

0.6 

Difference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8. 4 
19. Atanum Creek, below Yal1up ditch ....................................... 8.4 

Loss or gain ....................................... , . . . . . . . . . . . . . . . . . . . 0. 0 

19. Atanum Creek, below Yallup ditch ....................................... 8.4 
20. Simpson ditch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 0 
21. 'Voodbouse ditch.................................................... 0. 6 

3.6 

Difference .................................. ·..••........ . . . . . . . . . . . . . . . . 4. 8 
22. Atanum Creek at ·woodhouse ranch....................................... 0. 7 

Loss : . ................................••.....••.... ; . . . . . . . . . . . . . . . . . . . 4. 1 
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Second-feet. 
22. A tan urn Creek at Woodhouse ranch ................ _ ..... __ . .. .. . . . . .. .. .. 0. 7 
23 . .A.tanum Creek at Tanner bridge .... _ ..... __ ......................... 0. 8 
24. Indian ditch ......... __ ............ __ .......... ___ ................. -. 1. 0 · 

-- 1.8 

Gain. ____ ...... _ ................. _ ......... ·_ ................. __ . . . . . . . . 1. 1 

23 . .A.tannm Creek, Tanner bridge ... _ .................... _ ..... __ .......... _ .. 0. 8 
25 . .A.tannm Creek, section lines 11 and 12 ......................... _ ....... __ . 0. 9 

Gain ...... _ ............................. _ ... _. __ ................... _... 0. 1 

26. ·waste slough .. ___ . --·~ ..... _. _ ................ _ .. = ........ _ .......... _... 2. 5 
27. ·waste slough, ·wide Hollow .............................................. 14. 9 

17.4 
28. At anum Creek, Union Gap Bridge ... _ ................. _ ......... : .. .. .. .. 12. 5 

List of 'lll-iscellameoua diachal·ge 'llteaaurements of Atanu'llt Cl·eek (a). 

Stream. Locality. Area of I Mean 
section. velocity. 

Dis
charge. 1-

i----1-----1--------1---------------· 

1897. 
Feet per 

Fef.t. Sq. feet. second. &c.-feet. 

May 10 .A.tanum. _. Union Gap, Wash- 70 84 3.14 264 
ington. 

June ·9 .... do ......... do-----------· ...... -------- 40 3. 55 1-!2 

J nly 2 .... do . . . . . . ... do ... __ . . . . . . . 7 4 37 1.16 4:3 

July 15 __ .. do . .. .. . ... do .. _ ...... _ .. 7 4 

:::::::::--- ~-- --~:91-- _ij July 27 .... do . . . . . . ... do ....... _ ... . 74 

aMadfl at the highway bridge ,just above the mouth vf .A.tanurn Creek at Union Gap. 

BUMPING LAKE· RESERVOIR SITE. 

Naches River is probably the most important stream for irrigation 
purposes in the State of Washington. The volume of water in the 
stream is discussed on page 477. It seemed desirable, on account of 
the number of irrigation systems taking water from this river, as well 
as on account of 8everal new projects, to investigate its storage possi
bilities. Bumping Lake reservoir site is especially noted, and in the 
summer of 1897 it was decided to make a survey of this site. The lake 
being located at some distance from any surveyed land, it was neces
sary to connect with a government corner by running a meander li~e 
with stadia and transit and then to survey the reservoir site with 
plane table. A party was formed, consisting of Mr. Cyrus C. Babb 
and two assistants, one as front flagman and stadia man and the other 
as rear flagman, with a third man to act as packer and cook. 

At the time of the commencement of this survey a party was just 
completing the survey of two tow-nships for the General Land Offiee, 
Ts. 14 and 15 N., R. 15 E. On August 9, 1897, the two assistants 
started up Naches River with the pack train, with instructions to find 
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these surveyors and obtain from them the description of the most con
venient section corner from which to start the meander line to connect 
with Bumping Lake. This was found to be the north corner on the 
township line between sees. 3 ·and 4, T. 15 N., R. 15 E., Willamette 
meridian. It is marked by a pine post, 4 inches square, set in a mound 
of rock, located about 5 miles west of Scott Stevens's ranch, in Dry 
Creek gorge, and 1,000 feet west of the Nile schoolhouse. The survey 
was started from this point .August 12, running in a northwesterly 
direction up Naches River to the mouth of Bumping River, and thence, 
in a southwesterly direction, up this latter stream to Bumping Lake. 
The line was run with stadia and transit, reading horizontal angles, 
and checking with the magnetic needle .bearings. It took from August 
12 to 26, inclusive, to run this meander of 32.7 miles. ;The distances 
from the Nile schoolhouse to various well-known points along Naches 
and Bumping River trails are as follows: 

Miles. 
North Yakima to Nile schoolhouse. ______ .. ___ . _ .. __ . __ . __ ... __ ... ___ . . . . . . . . . 31. 0 
Nile schoolhouse to-

Hanging Rock .......... _ .. _ ...... _ ....... __ .. __ ..... _ ..... __ ..... _ .. _ . _. 5. 8 
Edgar Rock ......... _ .. _ .. _ . ____ ..... _ ....... __ . _ ... __ .... ___ . . . . . . . . . . . 10. 2 
Mouth of Bumping River .. _. _ ..... _ .. _ ... _ ....... _ .. _ ... __ ... _ .. _ .... _.. 15. 0 
Ford on American River ... _ .. _. _ ........ ___ ..... _ ..... _. . .. __ ... _. _ ..... 18. 9 
Soda Springs . ___ .... __ ...... __ . _ ...... __ .... _. _ ... _ .... _ .. _ ........ _.... 24. 6 
Goose Prairie .. _ ........... _ ... _ . _ ....•... _ ....... __ ... __ ... _ . _. . . . . . . . . . 29. 0 

. Outlet Bumping Lake ... _ ..... _ .. ____ .. __ ....... __ ....... _. ______ . _.. .. .. 32. 7 

Total distance from North Yakima to Bumping Lake ___ ..... __ ...... _... 63. 7 

The return trip was made over the Clover Springs pass and down 
the Dry Creek trail to the Nile schoolhouse again, shortening the above 
distance by about 8 miles. 

The Naches Valley; from North Yakima to about Nile schoolhouse, 
is practically timberless. .A scrub evergreen growth starts there and 
gradually increases in size. Large bull pines are encountered near 
Edgar Rock, the trail often passing through open groves of these trees. 

The meander line followed the trail to the crossing of .American River, 
where, the forest growth becoming too dense, it was carried over to 
Bumping River and thence directly up the river, sighting from one 
bank to the other, and fording forwards and backwards on horseback. 
The bed of the river, as shown on Pl. XLIV, .A, was full of bowlders 
of all sizes, and it took only a day or so to lame the horses, so that for 
two days most of the party forded the river on foot. 

Bumping Lake, shown on Pl. XLIV, B, is in the mountains, surrounded 
by high peaks, and only 12 miles in a direct line nearly due east from 
Mount Rainier. The mountainous slopes are covered mainly with a. 
dense forest of pine, tamara~k, and fir. The lake is located in the Mount 
Rainier forest reserve. On .August 26 a measurement of the discharge 
at the outlet was made, giving 83 second-feet. .At the time of measure
ment the water surface was 115 feet wide. The water marks around 
the lake show an annual fluctuation of about 3 feet. This height may 
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reach 7 feet during exceptionally wet seasons or after a winter of heavy 
snowfall. At a height of 10 feet the water surface would be about 150 
feet wide. Above that the ground slopes rapidly from the river. The 

length of the proposed dam, at a height of 25 feet above the bed of the 
river, at which height the survey was made, would be 480 feet. 

The lake was evidently formed by the deposit of glacial drift in the 
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valley, as this is the formation at the outlet. No rock was found in 
place in that immediate vicinity. If one follows the main trail to the 
head of the lake on the west side rock is encountered within one-half 
mile. About opposite the second line of sounding from the lake outlet 
the trail passes on to a steep shelving rock, sloping rapidly to the lake 
edge. Beyond the island this slope is more gentle. 

When the lake was first reached it was seen that on account of the 
_dense timber growth it would take a long time to apply the usual 
methods of surveying reservoir sites; that is, to follow a certain con
tour wjth the plane table. It was therefore decided to triangulate the 
lake, to assume the surface as level, and then from a number of stations 
on the edge of the lake to level up to the contour, sketching in between 
these points, and thus to locate the contour. 

Bordering the lower half and eastern side of the lake is an extensive 
swamp, impenetrable on account of the dense undergrowth. It is also 
extremely hazardous to enter it, because of the swampy nature of the 
ground. 

A series of soundings were made of the lake. There were two men 
in a canoe, one to manage it and the other to make the soundings. A 
third man was on shore to line in the canoe between signals, and each 
sounding was finally located with plane table set up at another station. 
In all, twenty-three soundings were made, distributed along five lines. 
The greatest .depth measured was only 90 feet-a surprise to every one, 
as the depth had been variously estimated from 200 to 700 feet. The 
results of the survey are shown concisely in fig. 167. 

The area of the lake is 631 acres. The area of the 25-foot contour, 
the height of the propo.sed dam, is 1,153 acres, giving a reservoir 
capacity of 22,300 acre-feet. The length of dam would be 480 feet. 

Following is a list of lands segregated for the Bumping Lake reser
voir site: 

Burn1Jing Lake reservoir site segregation, Yakima Cmmty, Washington. 
.Acres. 

T. 16 N., R.12 E. (unsurveyed). 
E. t and E. t of SvV. -!,sec. 22 .........................••..... __ .... _... . • • • . . 400 
W. t of NW. -! and vV. t of S vV. -!, sec. 23 . . . . • . . . . . • . . .. . . . . . . . . . . . . . . . . . . . . . . 160 
W. t of NW.-! and NW.-! of SW. -!,sec. 26 .................. ___ .... ____ .. _ _ _ _ _ 120 
N. t and S'\:v.-! and N. t of SE.-! and SW.t of SE. t, sec. 27 .. ·----- .. ---· .. -~-- 600 
E. t of NE.-! and S. t of sec. 28 ................................... _.. . . . . . . . . 400 
N. i of NE.-! and S'\V.-! of NE.-! and NW.-! and N. t of SW. -!,sec. 33 _........ 360 
NW.-! of NW. -!,sec. 34 ......••...........•.................•.••.......... _.. 80 

Total ................. _ •...........................•....... _._ .... ____ . 2, 120 

· As stated above, the Northern Pacific, Yakima and Kittitas Irriga
tion Company surveyed this site in September, 1894. They also hewed, 
in the immediate vicinity, tamarack timbers for the dam, and these are 
now piled up at the outlet of the lake. 
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MEASUREMENTS OF DISCHARGE. 

Three gaging stations on Yakima River were maintained during 
1897, at Selah, Union Gap, and Kiona, views of which are given in Pl. 
XLIII, B, and Pl. XLV, A and B. On account of the importance of 
Naches River it was desirable to maintain a station on that river if pos
sible, but it ,was not found practicable to do so on account of poor cross 
sections and the liability of change in channel during every flood. 
This river during flood brings down immense quantities of debris of 
sand and gravel. ..A number of discharge measurements were made of 
Naches River from the highway bridge at its mouth and below all canals, 
showing the amount of water going to waste, which is, however, avail
able for the Sunnyside canal below. To the following amounts should 
be added 150 second-feet, which is approximately the combined flow of 
the Naches ditches: Jnne 10, 3,178 second-feet; June 18, 1,993 second
feet; July 29, 781 second-feet; September 22, 385 second-feet; Novem
ber 15, 1,500 second-feet. The maximum discharge of the Naches for 
1897 was in May, and was about 7,000 second-feet, as shown by the 
difference in discharge at the Selah ~nd Union Gap gaging stations 
on Yakima River. The minimum discharge in 1897 was probably 385 
second-feet. This station is described in Water-Supply and Irrigation 
Paper No. 16, p. 174. , 

May 19, 1897, a station was established on Yakima River at the bridge 
of the Northern Pacific Rail way at Selah, 7 miles above North Yakima 
and above the mouth of Naches River, with theideathat the difference 
in discharge between this station and the one at Union Gap would give 
approximately the discharge of the Naches. Two ditches, those of the 
Moxee Company, are taken out between these points, but their amount 
is about counterbalanced by that received from Atanum Creek and the 
wastage at Oldtown. 

In Water-Supply and Irrigation Paper No. 16, p. 173, is given a 
description of the Selah stati~m, together with the discharge measure
ments made in 1897 and the table of gage heights for 1897. The 
accompanying tables comprise the rating table for this station and 
the table of monthly discharge. A view of the gaging station is shown 
in Pl. XLIII, B. 
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Rating table for Yakinta River at Selah, WaBhington, for 1897. 

Ga~e I Discharge. Ga~e Ga~e 
I Ga~e _:"•hugo. I height. heig t. Discharge. heig t. Discharge. height. 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

4.5 460 6.0 1, 900 8.0 5,425 10.0 11,060 
4.6 552 6.2 2, 150 8.2 5,898 10.5 12,769 
4.7 644 6.4 2,422 8.4 6,391 11.0 14,590 
4.8 736 6.6 2,718 8.6 6,905 11.5 16,515 
4.9 828 6.8 3, 038 8.8 7,440 12.0 18,545 
5.0 920 7.0 3,380 9.0 7,995 12.5 20,673 
5.2 1,104 7.2 3,745 9.2 8,570 13.0 22,895 
5.4 1,288 7.4 4,132 9.4. 9~165 -

~ 
1,472 7.6 4,541 9.6 9,778 
1,674 7.8 4,972 9.8 10,409 8 

EBtimated monthly diBcharge of Yakinta River at Selah, WaBhington. 

[Drainage area, 1,960 square miles.] 

~Month. 
Disc.harge in second-feet. Rnn-g 

Total in acre- Second-feet. Maxi· Mini- Mean. Depth in feetpor I mum. mum. inches. square 
mile. ' 

1897. 

May 19-31 .... ·----- 13,848 6,142 9, 31~ 240,266 1.97 4.75 

June.·------------- 6,391 2,875 4, 021 239,266 2.'29 2.05 
July . _ , __ . __ . __ . ___ 3,745 1,012 2,057 126,481 1.21 1.05 
August 1-21 .... ---- 1,015 644 811 33,798 0.32 0.41 
September .. _ .. __ . _ ......... ---· ............. a700 41,653 0.40 0.36 
October 20-31 . _____ 828 828 828 19,704 0.17 0.42 

~ber .......... 19,811 828 3,979 236,766 2.26 2.03 
mber ___ . _. _. __ 8,570 1,472 2,702 166,140 1. 59 1.38 

a Approximate. 
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FIG.168.-Discharge of Yakima River at Selah, Washington, 1897. 

The station located at Union' Gap, 6 miles below North Yakima, 
is described in Water-Supply and Irrigation Paper No. 16, p. 175, 
together with the list of discharge measurements and the table of gage 
heights for 1897. This station is an important one and is fitted with 
ca:ble and car, shown on Pl. XLV, A, for use in the measurements: The 
cable was carried away during the high water of November, 1896, but 
was replaced in the spring of 1897. It is about 2 miles above the head 
of the Sunnyside canal, and the results show the amount of water 
available for this canal and the lands below. Following is the rating 
table and table of monthly discharges: 

Ga~e 
heig t. 

Feet. 

4.0 
4.2 
4.4 
4.6 
4.8 

I 5.0 

lE_ 4 

Rating table for Yakima Riper at Union Gap, Washington. 

[This table is applicable from November 15,1896, to December 31, 1897.] 

Discharge. Gage Discharge. I Ga~e Discharge. Ga!1e 
height. heig t. heig t. 

Second·feet. Feet. Second-feet. Feet. Second·feet. Feet. 

500 5.6 2,320 I 7.2 5,793 8.8 

705 5.8 2,644 7.4 6,365 9.0 
915 6.0 3,000 7.6 6, 969 9.5 

1,125 6.2 3,388 7.8 7,605 10.0 

1, 335 6.4 3,808 8.0 8,270 10.5 
1,545 6.6 4,258 . 8.2 8,964 11.0 

1, 768 6.8 4,738 8.4 9, 687 11.5 

2,028 7.0 5,250 8.6 10,439 12.0 I 

Discharge. I 
I 
I 

Second-feet. : 

11,220 
12,030 
14, 180 
16,510 
19,015 
21,690 I 

24,536 1 

27, 550J 
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Estimated monthly discharge of Yakima Rive!' at Union Gap, Washington. 

[Drainage area, 3,300 square miles.] 

I Discharge in second-feet. I Run~ 
I -----c---~ I 

I 

Month. Maxi- Mini- Totafei~.acre- Depth in ~e~;o~~~ 
mum. mum. Mean. inches. square 

mile. 

------------------1 .. ------------------l---------l------l-------

1896. 
August -------- ---· 
September .. ______ . 

October------ •..... 

2, 600 
1, 170 

910 
November . . . . . . . . . . 45, 550 
December . . . . . . . . . . 10, 439 

1,170 
910 
840 
910 

2,320 

1,650 
1,071 

860 
7,652 
5,162 

101,454 
63,729 
52,879 

455,325 
317,399 

0.58 
0.36 
0.30 
2.58 
1. 80 

0.50 
0.32 
0.26 
2.32 
1. 56 

1897. ===== ===== ===l=====l===,----

January ............ --------l---·---·-
1
a2,100 129,125 0.741 0.64 

February --------- ---·----:-------·ia3,000 166,.612 0.95\ 0.91 
March _ . __________ . 4, 738 1, 650 1 2, 4 72 151, 998 0. 86 0. 75 
April . . . . . . . . . . . . . . 27, 550 4, 738 15, 004 892, 798 5. 07 4. 55 
May . _........... . . 23, 954 11, 621 15,685 964, 439 5. 47 4. 75 
June .... _ ....... _.. 10, 826 4, 738 7, 109 423, 014 2. 40 2. 15 
July ....... _ . . . . . . . 6, 365 1, 650 3, 291 202, 357 1. 15 1. 00 
August. . . . . . . . . . . . . 1, 4-40 915 1, 168 71, 818 0. 40 0. 35 

I 
September __ ... _. . . 915 705 817 48, 615 0. 27 0. 24 I 

October .. _ ....... _. 1, 020 705 810 49, 805 0. 28 0. 24 
November .. _. . . . . . . 25, 135 915 5, 274 313, 824 1. 79 1. 60 
December ... _ .. _ ... _1_1_, 2_2_0 ___ 2_, _32_0 ___ 3_, _96_9_

1 
____ 2_44 __ , _04_6 ____ 1_. 3_8_ -~3 ~ 

The year·. . . . • . . . . . . • . . . • . . . . . 5 058 3, 658, 451 I 20. 76 _'.:.::'J 
a Approximate. 

~~A-~. ~E!O ~~~Rei," J\~Rii ~A~ ~~~~ ~t~ ~~U'"o ~g~ ~C~TO ~OV0 I •£2~ 
~~ : 
U,000~-+-+~1-~r+-+~1-+-~-f-+~~r;-+~~;-+-~-+~;-~r+~~ 

22, ooo H-+-+-f--f-HH-t--f--f--t-H-t-t--l-t---:H--t-t--1-++-H--t--+-+nH--t--t-1 

18, 000 H-+-+-f--f-HH-t--f--f--t-H-t-t--1-+-H--t-t--1-++-H--t--+-+--HH--t--t-1 

16, 000 ~-+-+~1-~r+-+~+-+-~-f-+-+-+-1--4-+-f--+--t-+-1-t-+-+--f--r.t-+-r--+--t 

14, 000 t-t-+-+~-t-~r+-+~+-+-~-f-+~+-1--4-+-f--+--t-+-1-t-+~;--r.t-+~-+--t 

12, 000 t-t-+-+~-t-~r+-+~1-+-t-1-f-+-+-i-1--4-t-f--+--t-+-1-t-+~-f--r.l-t-f--!--t 

10, 000 t-i-t-t-f--1-i-1-t-t-f--+--t-+-1--ll-+-+--f-~f---l-+-+--+--+-t-1~-f-.-1--+111--1-11-+--1 

6,0001-t-+-+~-t-~r+-+-+-1-+-t-1-f-+-+-i-1--l~-+-r;-+-r;-+-r;-~~~Hr~ 

4, 000 t-t-+-+-+-!1-+--+-+--11-+-l-+-~-+-+-+-+-t-+-~=::~::~::~~:··ll-r--
2, 000 t-i-t-t-f--1-i-1-t-t-+-r;-+-t--lt-t~;-t--t-

.U.t ... 1 ... 

FIG.169.-Discharge of Yakima River at Union Gap, Washington, 1896. 
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22, 000 t-+-+--+-+-t-+-+-lr-t-H __ t-t ___ -t-+-+-t-+-~-t--t-+-l-+-+-+--+-+-+--f-1---t--+-i 

20, 0001-+-+--t-+-t-t-+-lr-t-H __ t-t ___ -+--+-+-t-+-~-t--t-+-l-+-t-+--+-+-t-t-+-t-+-1 

18, 000 ~-+--+-~-+--+--,f--+-H __ J-4 __ -+-+-+-+--t-~-t--t-+-l-+-+-+--+-+-t-t--t-t--t--1 

2,000 

0 

FIG.170.-Discharge of Yakima River at Union Gap, Washington, 1897. 

The section at Kiona is an ideal one. The highway bridge crosses 
the river on one span. The section is gravelly and does not change at 
flood stages. It is described in W a.ter Supply and Irrigation Paper 
No.16, p. 176. The ordinary method of gaging to obtain the mean 
velocity of a vertical section is to average the top and bottom velocities, 
which are measured. The accompanying table gives the percentages 
of the mean velocity so obtained to the maximum velocity for that sec
tion. May 5 and May 24: were for ~easurements at Kiona; May 15 
and May 19 for measurements at Union Gap and Selah, respectively. 
The first co lump gives the distance across the section from the initial 
point. There are four sets of columns, a set for each date. The first 
column of each set gives the depth of water, and the second the percent
age of mean to maximum velocity. These last figures are averaged 
again in the last line, and the grand average is 85 per cent. 

The measurements on the above dates were taken during the large 
floods of Yakima River, where, if the maximum velocity only had been 
measured, 90 per cent, or even more, would have been taken for the 
mean velocity. It is thought that 85 per cent is the figure that should 
be used. 

19 GEOL, PT 4:-31 
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Percentage of mean to 1naxim.wnt velocity. 

Union Gap, May Selah, May 19,1897.1 
15, 1897. (Gage (Gage height, 

May5, 1897. (Gage ¥ay24, 1897. (Gage height, 10.90.) 10.77.) 
height, 11.50.) height, 11.52.) 1 

Kiona. 

I met~••· 
I----I-D-ep_t_h._ Per cent. Depth. I Per cent. ~epth. Per cent. _Depth. I Per cent. 

Feet. Feet. Feet. Feet. Feet. 

40 ..... ·------- ---------------- ·------- 12.7 76 

60 ..••. -------· --·----- ··------ ·-·-··-- 14-.4 92 8.2 77 

1~~::::: :::::::::::::::: :::::::r:::::: ~::: :: 1~:~ :~ 
120.---- 8. 9 83 8. 5 82 11.6 89 11.0 82 

140 .•••• 9.9 78 10.0 78 10.9 77 6.2 89 

160 ..• :. 11.2 89 11.2 I 81 10.4- 76 ............... . 

180 ..••. 11.6 80 11.2 87 10.2 83 2.4 92 

200 ..... 11.8 or 87 I 11.7 78 9.9 90 12,5 79 I 
220 ..... 1 11.8 88 I 11.5 77 9.6 84 10.9 92 I 

~:::::: ~~:: :~, ~~:: ~~ ::::::·· :::::::: ::~ ::I 
::. : : : : ~~: ! :: ~~: : !: : : : : : ] . : : : : : :: : : : ~: ~: : :: : : ~~: : 
341). _ •• _I 7. 1 · 85 6. o 84 . --- .. --1- .. -- ... j.----- -. j .. -- .... 

I sso _____ l~l_9_o ~~~:~~~~--=:1--------~ 
L,:ge

1 

...••• --~ 87 , ........ 82 ........ 1 84 ........ 
1 

86 

Average percentage o,fmean to maximum velocity. 
Per cent. 

niay 5, Kiona _ .. ~ .......................... '-.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 
May 15, Union Gap ...... _ ....................................... _............ 84 
1\iay 19, Selah. . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
May 24, ~iona ................. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 82 

Average . . . • • . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 

Pl. XLV, B, shows the gaging station at Kiona, with a water wheel in 
the foreground, which is used for irrigation purposes. 

The following table gives the list of discharge measurements made 
on Yakima River at Kiona, Washington. The principal facts are also 
shown in fig. 171, on page 484, in which vertical distances represent 
height of water on the gage and horizontal distances the quantity of 
discharge. The plotted points obtained by measurement are shown by 
the small circles, which are numbered to correspond with the :figures 
in the left-band column of the table. Near or through these is drawn 
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a smooth curve, from which tbe values for the rating table have been 
obtained. 

List of dischm·ge meas1t1'e?nents made on Yakima Bit•e1· at l(iona, Washington. 

Num
ber. Date. Hydrographer. h~"':,- height. section. velocity. charge. I 

Meter Gage Area of I Mean Dis-

-1---1----,-. ----
Feetper 

Feet. Sq.jeet. second. Sec.-feet. 1895. 

a1 Aug. 20 

1896. 

A. P. Davis ...... ---- 55 3.30 753 1.27 954 

2 July 30 C. C. Babb ---- -----· 63 

3 Aug. 28 ..... do-------------- 63 

4 Oct. 20 ..... do ............. . 63 

1897. 

5 May 8 ..... do . . . . . . . . . . . . . . 70 

6 May 24i ..... do ·----··------- 74 

7 May 29 l ..... do -----· .. ·----- 74 I 
8 June 8 ..... do·----··----·.. 74 1 

9 June 15 _ .... do .............. 
1 

74 i 

I 
10 .July 7 .. _ .. do .............. : 741' 

11 July 13 _____ do-----·--------· 74 
I • 

12 July 21 ---·.do-~---- .. ------------
13 Aug. 5 Sydney Arnold .. __ .. : 64 I 
14 Aug. 30 ----.do .. --~---·-----. 641 

b 15 .... do . . . . ... _do __ ...•...... _.. 641 
:rov. 6 ...•. do·-----·----·-- 64 

Dec. 29 ___ .. do . _____ . . • . . . . . 64 
I 

a Not plotted. 

6.40 
4.70 

3.93 

11.5 

11.5 

9.7 
8.75 
8.05 
7.15 

6.30 
5.55 
4. 61-

4. 1 
4.1 

4.08 
8.54 

1,240 

84!:1 

732 

2,869 
2,853 
2,405 
2,147 

1,920 

1, 609 
1, 292 

1,093 

903 
760 
790 
779 

1, 920 

2. 63 3, 265 
1.18 987 
1. 09 796 

:). 77 16, 557 

5. 74 16,344 

4. 71 11,338 

4.13 8, 868 

3. 60 6, 908 

3.18 

2.~9 

2.12 

1. 34 
0.98 
0.97 
1.07 
3.88 

5,118 

3, 475 
2,318 

1, 217 

742 

762 

7,::: I 
b The same as No.14. 
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Feet 
11 

10 

9 

8 

7 

6 

5 

4 

a 

,;j 
f 

Gage 
height. 

Feet. 

3.5 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 

l£ 2 

v 
/' 

g 
0 
co-

( 

v 
/ 

~ 

0 
0 
0 

<D 

~ 

0 
0 
0 

c; 

/ 

~s 

/ 
v 

v. 

FIG.l71.-Rating curve for Kiona Station on Yakima River, Washington. 

Rating table for Yakima .River at Kiona, Washington. 

[This table is applicable from November 15, 1896, to December 31, 1897.j 

0 
g 
~ 

Discharge. Ga~ heig t. Discharge. Ga~e 
heig t. Discharge. Ga~e 

heig t. !~ 
Second·feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

525 5.4 2,122 7.4 5,498 10.0 12,045 

566 5.6 2,383 7.6 5,921 10.5 13,536 

663 5.8 2,663 7.8 6,358 11.0 15,036 

780 6.0 2,965 8.0 6, 810 11.5 16,536 

916 6.2 3,279 8.2 7,275 12.0 18,036 

1,071 6.4 3,609 8.4 7,753 12.5 19,536 

1, 245 6.6 3,955 8.6 8,246 13.0 I 21,036 

1, 438 6.8 4,317 8.8 8,751 13.5 22,536 

1, 650 7.0 4,695 9.0 9,270 14.0 24,036 

1, 878 7.2 5, 089 9.5 10,620 14.5 25,536 
I " 
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.Estimated monthly dischm·ge of Yakinta River at Kiona, Washington. 

[Drainage area, 5,230 square miles.] 

Discharge in second-feet. 

Month. 

1896. 

Maxi
mum. 

August ...... ·_ . . . . . . 2, 780 

September . . . . . . . . . 1, 010 

October . . . . . . . . . . . . 820 

November .... ------ 30,000 
December . . . . . . . . . . 16, 685 

Mini-
mum. Mean. 

990 1, 511 

830 917 

780 799 

850 6,555 

2, 885 9,102 

J-R----:-=·g 
Tota}~~~cre- Second-

Depth in feet per 
inches. square 

92,907 o. 33 

54, 56? 0. 20 

49,128 0.17 

390, 050 1. 39,. 

559, 660 l 2. 01 

mile. 

0.29 

0.18 

0.15 

1. 25 

1. 74 
--- ---===:J=====!===I====I 

January .......... . 8,803 2,965 4,617 

Pebruary ......... . 4, 990 2, 965 3, 989 
March ............ . 6,292 2,330 3,297 
April ...... ___ . _ .. . 25, 266 4, 098 12, 997 

May------· ....... . 21,936 11,324 15,689 

283,890 

221,538 

202,726 

773,373 

964,685 

1. 01 

0.79 

0.72 
2. 78 . 

3.46 

0.88 

0.76 

0.63 

2.49 

3.00 

June . . . . . . . . . . . . . . . 14, 046 4, 890 7, 415 441, 222 1. 58 1. 42 

July . . . . . . . . . . . . . . . 6, 358 1, 438 3, 377 207,650 0. 75 0. 65 
August..... . . . . . . . . 1, 438 780 1, 033 ·63, 517 0. 23 0. 20 
September . . . . . . . . . 902 680 771 45,878 0.17 0.15 

I 
October...... . . . . . . 902 643 740 45, 501 0. 16 0. 14 

·November.......... 19,536 833 5, 243 311, 979 1. 11 1. 00 

I December .......... _1_3,_6_86 ___ 2,_8_09_ 5,170 317,893 1.14 3· 99 

The year. . . . . 25, 266 643 5, 361 3, 879, 852 13. 90 - 1. 03 
I· 

-----------------------------------------------
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FIG. 172.-Discharge of Yakima River at Kiona, Washington, 1896. 

FIG. 173.-Discharge of Yakima River at Kiona, Washington 1897. 
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SPOKANE RIVER. 

Spokane River rises in the beautiful Cceur d'Alene Lake, in the 
State of Idaho. The two principal feeders of the lake are the Cceur 
d'Alene and St. Joseph rivers. The latter rises in the Bitterroot 
Mountains, on the we~tern slope of the continental divide, and flows 
in a general northwesterly direction, emptying into the lake at its 
upper or southern end. Spokane River, from the outlet of the ~~~e, 
flows in a general westerly direction for 30 miles until it reaches Spo
kane. Throughout this distance it receives no important tributaries. 
At Spokane it receives the drainage of Hangmans Creek, and a little 
way below, Little Spokane River empties into it. From that point to 
its mouth at Columbia River, a distance of 60 miles, no other important 
stream enters. Above Spokane the.river is a surface stream, but at 
this cit.y a fall of 145 feet occurs, making a valuable water power, which 
bas been utilized to a large extent by flour mills and by a power plant 
of the Washington Water Power Company, which furnishes el~ctricity 
for the street-car service and for the electric lighting of the city. The 
dam for the water supply of Spokane is located 4 miles above the city. 

No canals take water from Spokane River for irrigation purposes, 
although irrigation would be of great benefit to this section of country, 
as the rainfall is deficient. A gaging station was established on this 
river October 17, 1896, at the bddge of the Oregon Railway and Navi
gation Company. The station is described in Water-Supply and 
Irrigation Paper No. 16, p. 177. A sufficient number of discharge 
measurements were not made ~u 1896 to allow the construction of a 
rating table, but one has been constructed from measurements made in 
1897, and has been applied to the 1896 record. The record of gage 
heig·hts maintained at the dam of the Washington Water Power Com
pany since March, 1891, and published in Water-Supply and Irrigation 
Paper No. 11, pp. 85-88, can not be utilized for conversion into daily 
discharges on account of the occurrence of two waste gates in the 
northern abutment, which are open during high stages, and the flumes 
of the power company in the south abutment. No record of the amount 
of flow is kept through either of these outlets. 

Several companies utilize the water-power privilege at Spokane, and 
there is apparent conflict of interests. A point of considerable import
ance in the use of this stream for power purposes is the fact that the 
water is exceptionally clear, the stream carrying very little silt of any 
description that would be likely to clog the pipe lines or the water 
wheels of the power companies. 
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Rating table for Spokane River at Spokane, Washington, 1897. 

Gage 
height. 

Feet. 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.2 

2.4-

l ~-~ 
L 

I Di.cbargo. 

I 
Second-feet. 

1,341 

1,611 

1,897 

2, 199 

2,517 

2,851 

3, 201 

3,566 

3,946 

4,340 

Ga!t_e 
heig t. Discharge. 

Feet. Second-feet. 

3.0 4-, 749 

3.2 5, 172 

3.4 5,609 

3.6 6,059 

3.8 6, 523 

4.0 7, 000 

4.2 7,489 

4.4 7,990 

4.6 8,503 

4.8 9, 028 

Gage 
height. Discharge. GaiLe 

heig t. Discharge. 

Feet. Second-feet. Feet. Second-feet. 

5.0 9,565 8.5 . 20,577 

5.2 10,114 9.0 22,351 

5.4 10,673 9.5 24,165 

5.6 11,243 10.0 26,012 

5.8 11,824 10.5 27,887 

6.0 12,416 11.0 29,787 

6.5 13,941 11.5 31,712 

7.0 15,525 12.0 33,653 

7.5 17,160 

8.0 18,845 

Estintated monthly discharge of Spokane Rive1· at Spokane, Washington. 

[Drainage area, 4,005 square miles.] 

~Month. Discharge in second-feet. 

Maxi
mum. 

Mini
mum. Mel)>n. 

1

-------:--Run-:;-r 

Total in acre- ~~ 
feet. Depth in feet per 

inches. square 
mile. 

1--------- ------------1------1---- ----1 

1896. 

October 25-31 ..... . 1,970 

November ... __ ..... 13,474 

1, 897 

1,897 

Dec~mber .......... 

1

17, 493 8, 503 

1,928 

6, 684 
13, 331 I 

1897. I _ 
January . . . . . . . . . . . 10, 9::>7 6, 523 8, 014 

February . . . . . . . . . . 7, 000 5, 172 6, 104 

March . . . . . . . . . . . . . 8, 633 4, 441 5, 265 

April .............. 32,875 1 8, 896 20, 101 
I 

l\Iay . . . . . . . . . . . . . .. 30, 554 21, 636 27,620 

June ............... 20,928 9, 838 12,842 

July . . . . .. . .. .. . . . . !1, 565 5, 389 7, 967 

August............. 5, 172 2, 682 3, 693 

September . . . . . . . . . 2, 766 2, 356 2, 554 

October . . . . . . . . .. . . 2, 356 1, 972 2, 086 
1 N oYem ber.. .. . . . . . . 11, 532 1, 972 5, 648 · 
I i December . . . . . . . . . . 12, 416 ' 8, 245 10, 237 

26,768 

397,725 

819,691 

492,765 

338,999 

323,734 

1,196,090 

1,698,299 

764,150 

. 489,875 

227,075 

151,973 

128,264 

336,079 

629,453 

0.12 

1. 86 

3.84 

2.31 

1.58 

1.51 

5.60 

7.94 

3.57 

2.29 

1.06 

0.71 

0.60 

1.57 

2.94 

0.48 

1. 67 

3.33 

2.00 

1.52 

1. 31 

5.02 

6.89 

3.20 

1. 99 

0.92 

0.64 

0.52 

1.41 

2.55 
I ---------!-----1---·J----J 

L_ __ Tbe year ..... 32,875 1, 972 9, 344 j 6, 776,756 31.68 2.33 



NEWELL.] WENACHE RIVER. 489 

FIG. 174.-Discharge of Spokane River at Spokane, Washington, 1896 and 1897. 

WENACHE RIVER. 

Wenache River drains a section of the eastern slope of the Cascade 
Mountains. It has a general southeasterly direction, entering Colum
bia River at the town of Wen ache, Washington. The basin adjoins · 
Yakima River drainage basin immediately on the north, and the areas 
drained by the two streams are similar. Both are densely wooded, and 
the winter precipitation in the form of snow is considerable, amounting 
to 30 feet during some seasons, according· to the reports of settlers. 
On account of the altitude of the mountains the maximum discharge 
does not generally occur until the latter part of_ May or in June. The 
summer flow is also regulated to a certain extent by the occurrence of 
a uum ber of lakes in the basin. 

November 1,1897, a gaging station was established on this river 6 
miles above its mouth and 7 miles from the town of .w enache. It 
is described in Water-Supply and Irrigation Paper No. 16, p. 178. 
Observations of heights were taken at the bridge site of the Wenache 
Water Power Company, 5 miles below the station, and reduced to the 
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station gage by simultaneous readings at both points. A number of 
discharge measiuements were made, sufficient for the construction of a 
rating table, as published herewith. The following are the average dis
charges for the three low-water mopths of 1897: August, 2,100 second
feet; September, 1,000 second-feet; October, 755 second-feet. The area 
drained at the gaging ~tation is 1,527 square miles. These average 
discharges for the three mont.hs, .August, September, and October, 
would give a run-off of 1.38, 0.65, and 0.49 seconrl feet per square mile, 
respectively. The minimum discharge for 1897 was 700 second-feet, 
giving a run-off of 0.46 second-feet per square mile. The discharge of 
Yakima River for 1897 was about the average, so that 700 second-feet is 
probably about the average 111i11imum discharge of Wenache River. 

During 1897 work was pushed on the canal of the V\Tenache Water 
Power Company, heading on the left bank of the river about 1 mile 
above the gaging station. The canal was practically completed during 
the year, as well as the bridge over the river about 1 mile above the 
mouth. A pla11t is to be located at this bridge for the development of 
electric power. The bridge is to support a flume to conduct surplus 
waters to irrigate lands in the vicinity of Wenache. This is a narrow 
strip of country, comprising about G,OOO acres between the Wenache 
and Columbia rivers and the foothills. 1t is at present partially served 
by a few small spring creeks, but this supply is insufficient an4 the 
water furnished by the Wenache Water Power Company can be advan
tageously used. 

Rating table for Wenache River at Wenache, Washington, for 1897. 

\ Gage I . II Gage I n· l: G:;- --D~---:~~~~- . h I 
:! il I I I 

heigbt. I Discharge .. , height. Ischarge. height. : 1scharge. : heig'ilt. Disc arge. 

,-------:--- li _______ l I----

Feet. I Second-feet. :i Peet. ! Second-feet. i Peet. Second-feet. :I Feet. Second-feet. 

o. o 700 :1 o. 6 
1 

1, 250 r 1. 2 2, 650 :t 1. 8 4, 300 
0. 1 i 770 ' 0. 7 I 1, 450 1. 3 2, 925 1. 9 4-, 57;) 

0. 2 

1

. 840 I 0. 8 1, 650 ° 1. 4 ; ~l 200 2, 0 4-, 850 

0.3 I 910 1 0.9 1,850 1.5 3,475 3.0 7,600 

0. 4 I 1, 000 1. 0 2, 100 1. 6 3, 750 4. 0 10, 350 

0.5 1,100 1.1 2, 375 !I 1. 7 4-,025 5.0 13. 100 

WALLA WALLA RIVER. 

Wallawal1a River rises in tbe Blue Mountains, iu the southeastern 
corner of the State of Washington and northeastern corner of the State 
of Oregon. This range of mountains, having an elevation of about 2,000 
feet above the surrounding country, is dissected with cat•yons cut by the 
bead waters of the tributaries of Wallawal1a River on the west and 
Grande Ronde River on the east. The upper portion of the former river 
flows in a general westerly direction uutil it is diverted northward by 
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the plateau north of Pendleton, Oregon. In the vicinity of Whitman, 
Washington, a number of tributaries enter, and thence to its mouth at 
'Vallula, where it empties into the Columbia River, the course of the 
Walla walla River is nearly due westward. The bead waters of Touchet 
River have a northerly course until they unite at Dayton and ·Waites
burg. The course is thence westerly for 15 miles, when the river is 
diverted southward and a short distance below enters the main stream. 
WallawallaRiveris a surface stream from the time it leaves the motul
tains until a short distance below Whitman. It then gradually sinks 
below the general level until, for the lo""er 5 to 7 miles of its course, it 
is 70 to 80 feet below that level. The fall from Wallawalla to Wallula, 
a distance of30 miles, is 625 feet. 

Mill Creek, on which the city of Walla walla is situated, is a peculiar 
stream. It emerges from the foothills onto the plain about 8 miles 
above the city. Three miles farther down the creek divides, part of the 

FIG. 175.-Map of streams in the vicinity of Walla walla, Washington. 

water continuing down Mill Creek and a part down Yellow Hawk. 
·One and one-half miles farther down another bifurcation occurs in the 

. Yellow H·awk, forming a new stream, Garrison Creek. These three 
creeks do not come together, but separately enter 'Vallawalla River. 
This delta formation, in a country that has such a slope, 60 feet to the 
mile, is peculiar, and it has given rise to more or less legal difficulties. 

The water of Garrison and Yellow Hawk creeks is used to a certain 
extent for irrigation purposes. Mill Creek water is not thus employed 
until after passing through Wallawalla, because it is used in that city 
for power purposes in a number of mills. Owing to difficulties between 
the mill owners here and the irrigators on Yellow Hawk and Garrison 
creeks, the courts decreed a few years ago that 60 per cent of the water 
should pass down Mill Creek and 40 per cent down Yellow Hawk. .A.t 

. the lower division 50 per cent was to pass down each stream. w·eirs 
were placed at each point, but they have been difficult to maintain, 



492 PROGRESS OF STREAM MEASUREMENTS FOR 1897. 

especially the· upper one, owing to the torrential character of Mill 
Creek and to the immense amount of debris brought down in floods. 

At the time of inspection, in May, 1897, the weir partitions at the 
upper point bad been destroyed. The wooden abutments and floor 
were in good condition, however. The channel of the creek had also 
undergone a change, so that the main channel was on the southern or 
Yellow Hawk side,. and about 60 per cent of the flow, as estimated by 
eye, was passing down this creek instead of Mill Ureek, as the decision 
called for. 

The following table gives the monthly precipitation at Wallawalla, 
Washington, from 1890 to 1897, inclusive, the yearly amount varying 
from a minimum of 11.80 inches in 1890 to a maximum of 23.07 inches 
in 1893. The mean for this period of eight years is 18.05 inches. 

Rainfall at Wallawalla, Washington. 

~ 
Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. Total. 

In. In. In. In. In. In. In. In. In. In. In. In. IncheB. 

1890 .... 2.53 1.35 2.45 0.38 1. 36 1.42 0.07 0.14 0.38 0.77 0.01 0.94 11.80 
1891. ... 1.18 2.70 1.16 0.73 0.88 3.61 1. 33 0.24 0.41 0.47 1. 57 1. 83 16.11 
1892 .... 3.84 0.80 1.73 2.06 1.25 1. 04 0.39 0.21 0.71 0.92 1. 73 2.26 16.94 
1893 .... 0.79 1. 75 2.33 3.88 3.04 0.37 0.22 T. 2.60 4.02 2.87 1. 20 23.07 
1894. ... 4.99 1. 74 3.75 2.19 1. 85 0.83 0.03 0.03 1. 05 2.48 0.75 0.80 20.49 

1895.--- 2.52 0.55 1.17 1. 23 2.31 0.04 0.50 0.23 2.13 0.00 1. 67 2.54 14.89 

1896.--- 1.88 1.20 1.15 3.85 1. 68 0.88 0.15 1.24 0.17 1.57 3.09 2.55 ~ 
1897---- 1.85 2.61 2.38 1. 75 1. 05 1. 51 0.84 0.42 1.44 0. 23 5. 15 2. 44 21. 67 

The vicinity of Wallawalla was one of the first settled in the North
west, and it is now a richly producing agricultural district. The foot
hills to the east and the plateaus, Eureka on the north, and Athena on 
the south, produce immense crops of the cereals, without irrigation. 
In fact, the southern area is so roi1~ng that it would be difficult· to 
irrigate, even if water could be brought to it. The yield of these crops 

·fluctuates to a certain extent; during dry seasons they are almost a 
failure, but -with a plentiful rainfall the yield is abundant. The valley 
is also noted for its fruit production. 

Below or west of W allawalla recourse must be had to irrigation 
along the valley. A number of ditches are taken from Wal1awalla 
River below Whitman, as well as from the lower 10 miles of the Touchet. 
In order to find the amount of water available for these canals, a 
gaging station was established July 19, 1897, on Wallawalla River, at 
Whitman, about one-half mile below the mouth of Little Wallawalla 
River. Only one discharge measurement was made in 1897. This was 
on August 26: Gage height, 0.86 foot; discharge, 78 second-feet. The 
area drained at this point is 310 square miles. The station is described 
in Water-Supply and Irrigation Paper No. 16, p. 179. 
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UMATILLA RIVER. 

The drainage basin of this river a~d the irrigation enterprises pro
jected from it a few years ago were described in Bulletin No.l31, p. 69. 
The river above Gibbon, where the gaging station is maintained, has 
a drainage area of 353 square miles, and is rather heavily wooded. 
The principal irrigation enterprise in operation on the river is in the 
vicinity of Echo, where a canal is taken out from the left bank. A 
canal was completed during 1897, at Pendleton, to be utilized for power 
purposes. It is understood, however, that the company controlling it 
could not make satisfactory arrangements with the· city of Pendleton 
for the utilization of the electric power developed. A large body of 
irrigable land lies north of Umatilla R.iver, and between it and the 
Columbia, and it could be easily irrigated by means of a canal taken 
out a short distance below Gibbon. 

A sufficient number of discharge measurements were not made at the 
gaging station on this river in 1896 for the construction of a rating table, 
but one has been constructed for that• year froni the 1897 measurements. 
This is given below together with the table for 1897, and on the next 
page the resulting figures of monthly discharges from the time of the 
establishment of the station, July 22, 1896, to December 31,"1897. A 
description of this station, the list of discharge measurements, and the 
table of gage heights are given in Water-Supply and Irrigation Paper 
No. 16, p. 180. 

Rating table for Urnatilla River at Gibbon, Oregon, for 1896 and 1897. 

Discharge. Di"ha'ge. ;=J 
Gage height. Gage height. 

1896. 1897. 1896. 1897. 

Feet. Second-feet. Second-feet. Feet. Second-feet. Second-feet. 

0.0 ................................... 40 2.6 984 984 
0.1 - ........................... - ... 49 2.8 1,114 1,114 
0.2 -----·--·--- 61 3.0 1,252 1. 252 
0.3 ................................. 75 3.2 1,398 1, 398 
0.4 ......... -.. ---- ... 91 3.4 1, 552 1,552 
0.5 ... ... -- ........... --- ... 109 3.6 1,714 1, 714 . 
0.6 ------ ·----· 129 3.8 1,884 1, 884 
0.7 70 152 4.0 2,061 2, 061 
0.8 80 177 I 4.2 ..... -- ...... --- ... - 2, 245 
0.9 95 204 4.4 ---- ...... - ... ---- 2, 435 
1.0 125 233 4.6 ......... - .... ----- .. 2,633 
1.2 205 298 4.8 ------------ 2,809 
1.4 300 372 5.0 ... ----- ---- ...... 3,052 
1.6 400 454 5.2 .................................. 3, 272 
1.8 500 544 5.4 

[::_:::::· 
3, 498 u-0 620 642 5.6 3, 730 

I 2.2 740 748 5.8 3,970 
2.4 860 862 6.0 1·----- ------i 4,217 I 

: 
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Estimated monthly discharge of Umatilla River at Gibbon, Oregon. 

Month. 

1896 . 

[Drainage area, 353 square miles.] 

Discharge in second-feet. 

Maxi
mum. 

Mini
mum. }fean. 

Run-~ 
j Total in acre- Second- I 
' feet. Depth in feet per 

inches. square 
mile. 

.July 22-31.. . . . . . . . . 95 80 86 1, 706 0. 09 0. 24 
August _____________ 95 75 83 5,104 0.28 0.24 
September .. ______ . 95 80 82 I 4, 879 0. 26 0. 23 
October ____________ 145 80 861 5,288 0.28 0.24 

~ ovember ..... ___ .. 2, 150 I' 125 779 46, 354 I 2. 46 2. 21 
December ..... ____ . 1, 972 400 785 1==48='=2=67= 2. 57 2. 23 

1897. I I 

.J au nary ___ . _. __ .. _ _ 544 j 412 465 1~ 28, 592 1. 52 1. 32 
February _. ___ . _ _ _ _ 1, 324 I 412 862 47,.873 2. 54 2. i4 
March . _ . ___ .. _____ 

1 

4, 217 412 933 ' 57, 368 3. 05 · 2. 64 
April------ ........ : 4,093 1,252 2,272 135,193 7.18 6.44 
May ______ . ___ . ____ 1 2, 339 298 1, 088 66, 899 3. 59 3. 08 
.T nne _ . ______ .. _____ ! 316 177 ' 225 13, 388 0. 71 0. 64 
.July ________ . ______ ; 334 100 165 10, 146 o. 54 o. :17 
August ___ _. _________ 109 75 92 5,657 0.30 0.26 
September __ . __ .. _ . 109 75 84 4, 998 0. 27 0. 24 
October ____________ 100 83 88 5,411 0.29 0.25 
November. _________ 642 91 299 17,792 0.94 0.85 

December·----- _____ 1_,_7_98 ___ 3_J6 ___ 7_7_2 __ 
1 

__ 4_7,_4_6_9_ 1~1 2.19 1 

_____ The year . _ .. _ 4. 217 75 612 440, 786 I 23. 46 I ~ 

Sec.-ft. 
2,000rT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1, 000 

500 

0 
FIG.l76.-Discharge of Umatilla River at Gibbon, Oregon,l896 and 1897. 
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DESCHUTES RIVER. 

During the first half of October, 1897; Mr. Cyrus C. Babb, assistant 
hydrographer, made a reconnaissance trip through this basin. From his 
report the following details have been taken: 

Iaimediately on leaving The Dalles for a trip southward through 
Deschutes Basin one finds an ascent of 300 or 400 feet to be made of 
Columbia River bluffs. For the next 25 miles the road is through a 
heavily rolling country that is hardly susceptible of irrigation on 
account of this characteristic. The ascent is gradua.I until the top of 
Tygh Hidge is reached, at an elevation of about 2,500 feet, and this 
point may be considered the southern boundary of the rolling section. 
The area is·principally given up to range purposes and to wheat grow
ing. A fair crop of this cereal is generally raised every year, and 
iu a season of plentiful rainfall, as that of 1897, an abundant harvest is 
gathered. 

Deschutes River, the eastern boundary of this section, flows in a 
canyon l ,100 feet deep at the Free Bridge, 7 miles above its mouth. A 
measurement on September 27 at this point gave a discharge of 5,962 
second-feet. The river was then probably at its lowest stage for the 
season. In exceptionally dry seasons it drops a foot lower. 

From the top of Tygh Ridge a sharp descent of 1,500 feet is made to 
the. valley of Tygh Creek and White River. On October 6 the former 
stream was discharging 24 second-feet and the latter 192 second-feet. 
In the head-water country of White River, in the vicinity of Wamic, 
irrigation is practiced in a small way. Four ditches are taken out: 
One from Badger Creek, two from Threemile Creek, and one from Rock 
Creek. The first mentioned is the largest, 5 miles long, 2t feet wide, 
and 1 foot deep. The water is used on a number of small orchards and 
garcl~n patches. Below the mouth of Tygh Creek water is used on a 
few alfalfa areas. 

Crossing White River Y.alley at Tygh, where it is about 1 mile wide, 
the road. leads over the rim-rock, as it is called, making an ascent of 
about 300 feet, onto Juniper Flat. This is an approximately level tract 
of land, extending for 15 miles from White River southward to Mutton 
Mountains and 15 miles westward from the Deschutes to low ranges of 
bills. The area is occupied by a 1mmber of ranches, and wheat is the 
princfpal crop. The rainfa11 is scanty, and good crops are not made 
every year. Four years ago a canal was projected to take water from 
Clear C12eek, about 15 miles we:st of Wapanitia, to be used on this 
tract, but only about 4 miles of ditch was constructed at the head, and 
the project was abandoned two years ago. The canal, which is 8 feet 
wide on the bottom, heads 2 miles below Clear Lake, said to be a good 
reservoir site. The lake can be easily dammed, and is 2t miles long 
and three-fourths of a mile wide. 

Continuing south ward one soon enters the Warm Springs Indian 
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Reservation, a mountainous tract of country, but containing a number 
of large, isolated valleys, where wheat could probably be raised without 
irrigation. In fact, a number of apparently good Indian ranches were 
seen, and within the last year or so the Indians of this reservation, a 
very industrious tribe, have supplied the agency with most of the grain 
that was required on the reservation. 

There is a large level tract several miles wide on each Ride of Warm 
Springs River that would produce abundant crops from its fine lava 
soil if water could be brought on it. Unfortunately the river flows 
through it in a canyon 700 or 800 feet deep. On October 7 a measure
ment from the bridge over the river on the agency road gave a discharge 
of 284 second-feet. 

Shitike Oreek,c2 miles above its mouth, at the Warm Springs Indian 
Agency, was discharging46 second-feet on October 8, and the Deschutes 
River at the cable ferry above the mouth of this creek was carrying on 
the same date 4,452 second-feet. 

Southwestward, beyond the ferry toward Prineville, it takes over an 
hour's steady climbing to pull out of Deschutes Canyon. Once on top a 
driveof20miles is made over anearlyperfectlylevel tractot:sage-brush 
country until, near Haystack post-office, the character of the surface 
changes, becoming more rolling, and so continues until the edge of the 
hills overlooking Prineville and Crooked River Valley is reached. At 
Haystack are a number of prosperous ranches, where bay and some 
grain is raised. by dry farming. On October 9 the combined flow of the 
new and old channels of Crooked River at Prineville was 57 second" 
feet and of the Prineville irrigation canal3.8 second-feet. Ochoco Creek 
was carrying 12 second-feet on the same date. 

The only large irrigation enterprise of the vicinity is the one men
tioned above. This canal heads 2 miles above Prineville, is 15 miles 
long, and has a bottom width of 8 feet. It was finished four years ago, 
and cost about $25,000, but very little water is used from it, :1ltbough 
there are a number of ranches under. it. The principal reason for this 
has beeu that for the last two years the rainfall has been sufficient to 
mature crops. A number of ranchers on Ochoco Creek take out water 
for alfalfa, which they feed to their stock in winter. Crooked River 
Valley above Prineville is narrow and contains little irrigable laud. 

The Deschutes River at Tetherow's bridge, 20 miles due west of 
Prineville, was discharging 1,722 second-feet on October 10. The can
yon of the river here is only about 300 feet deep, and it gradually 
decreases in depth upstream. In fact, it can hardly now be called a 
canyon, as there is a succession of meadow lands from here up. Pl. 
XLVI gives a view of falls 30 feet in height, 6 miles south of Tethe
row's bridge and abo.ut 30 miles west of Prineville. 

A characteristic of the river banks is now noticed, not before per
ceived. At points below, the flood marks have been from 3 to 7 feet 
above the present low stage. At Tetherow's, and from there up to 
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DESCHUTES RIVER AT THE FALLS, 30 MILES W EST OF PRINEVILLE, OREGON. 

The fall is about 30 feet. 
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Lava post-office, grassy banks only a foot or so high come directly to 
the water's edge. Upon inquiry it is discovered that this river, large 
for an arid region, has a yearly variation in. height of less than16 inches, 
in some places only 10 inches. Twenty-five miles above Tetherow's, at 
Sizemore's bridge, at Farewell Bend on the river, as it is called, the 
discharge on October 11 was 1,921 second-feet. The distance from 
Sizemore's to Lava post-office is 16 miles. At a point about two-thirds 
of the way, in an open pine forest growing in the ordinary fine lava 
soil, a mass of rock is encountered, 15 feet high, a comparatively recent 
lava flow. For about a mile the road swerves slightly eastward and 
follows around this wall, lying within a hundred feet of it. In the 
center of this rough barren lava rises a rounded bill about a quarter 
of a mile off, and possibly 400 feet high. The area covered by this lava 
flow is from 7 to 10 square miles. Deschutes River skirts its western 
edge for 3 miles or so. 

It is the accepted idea of the people of the vicinity that as the river 
rises in the spring the water encounters this porous mass of lava and 
flows off' into it. If this were the case, a more typical mountain river, 
with flood marks 5 feet or so high, would be found above. But instead, 
we find the same grassy banks, with a yearly variation in height of 
water of about 18 inches. The measurement at the Lava post-office 
bridge gave on October 12, 1, 780 second-feet, less by 141 second-feet than 
the discharge at Sizemore's, below the lava. While making the former 
measurement large springs were discovered at the west end of the 
bridge, at the edge of the river. In fact, many of these springs occur 
on the West Fork, or Big River, and this tributary bas the same char
acteristic of varying not more than about 1 foot in height during the 
year. 

The supply for this stream is evidently the winter snow in the Cas
cades, melting in the spring, percolating into the ground, an(l later 
finding its way into the river through springs. A rancher stated that 
he bad seen large banks of snow melting in the spring, and that 200 
feet below the snow the soil was dusty, the water having at once per
colated into the ground. 

East Fork, or Little River, 2 miles above Lava post-office, was dis
charging 174 second-feet, October 12: 

The country between Lava and Prineville is a level desert from 300 
to 600 feet above the DeschutBs, and apparently could be easily irrigated 
from that river. Its general elevation is 4,000 feet above sea level. 
The climate is rather cold, and frosts occur throughout the whole year. 

In returning from Prineville to The Dalles a rolling country is trav
ersed and several small streams are crossed, as Hay, Willow, and 
Trout creeks. The water of these streams is used on a number of hay 
ranches. 

Falls occur in the river at Sherar's, 30 miles south of The Dalles. 
This volume of water immediately below flows through a cleft in the 

19 GEOL, PT 4--32 
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Java 30 feet wirle and 80 feet deep. .A. gaging station on Deschutes 
River was established October 19, 1897, at a ranch 3 miles above what 
is known as the '' Free Bridge," and 16 miles east of The Dalles. It is 
described in Water-Supply and Irrigation Paper No. 16, p.-181. .A. 
sufficient number of discharge measurements have not yet been made 
here on which to base a rating table. 

List uf miscellaneous discharge measurements, Deschutes Rive1· Basin. 

I 
Meter Area of Mean Dis-Date. Stream. Locality. num- section. velocity. c.: barge. ber. 

---------

1897. Sq. feet. 
Feet per 
second. Sec.-feet. 

Oct. 6 -· White River ....... Tygh, Oregon .. _ .. 74 98 1.95 192 

Do .... Tygh Creek .•...... . _ .. _do ........ _ ... 74 16 1.50 24 

Oct. 7 .. Warm Springs _ .... Road-bridge, 74 356 0.80 284 
Oregon. 

Oct.8 .. Deschutes River ... Ferry, Warm 74 1,G27 2.92 4,452 
Springs Agency. 

Do ... Shitike Creek ....• Warm Springs 74 . 28 1.65 46 
Agency. 

Oct.9 .. Crooked River ..•.. Prineville, Oregon _ 74 32 0.72 23 

Do ... Irrigation ditch __ . ..... do ............ 74 5 0.73 4 

.Oct.10. Deschutes River ... Tetherow's bridge. 74 527 3.28 1,722 
Oct.ll _ ..... do ............. Sizemore's bridge .. 74 856 2.25 1,921 

~ ...... do............. Lava, Oregon ...... 
. 
74 688 2.59 1,780 

.. LittleorEastFork _ ..... do ............ 74 254 0.69 174 

HOOD RIVER. 

Hood River, as shown in fig. 177, rises at the base of Mount Hood, 
which has an elevation of 11,225 feet above tlle sea and is covered with 
snow throughout the year. The river in falling this height to its mouth 
in the short distance of about 30 miles necessarily bas a steep slope and 
the current is swift. 

The valleys proper of Hood ltiver· are very narrow. In fact, the 
stream runs through canyons and gorges throughout most of its course. 
The so-called Hood River Valley is a plateau extending from Columbia 
River southward for 7 or 9 miles, and is about 6 miles wide. It is a 
level tract of land, the northern edge ending abruptly in the terrace 
overlooking Columbia River and at an elevation of about 250 feet above 
the river. It thence slopes gently upward and southward. Six or 
seven years ago this region was largely covered with a growth of fir 
and juniper. Since then large tracts have been cleared and numerous 
farms are to be found. The chief products are berries and fruits, espe
cially the smaller kinds. Hood River has made its reputation within 



NEWELL.) HOOD RIVER. 499 

the laRt two years through its superior crops of strawberries, which are 
noted throughout the Northwest. 

The summer rainfall is hardly sufficient to mature the crops and 
recourse bas been had to irrigation. A small ditch from Dry Point 
Creek has been in use for a number of years, but on account of the 
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FIG. 177.-Map of drainage basin of Hood River, Oregon. 
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demand for water, another canal, that of the Valley Improvement Com
pany, was built and completed in July, 1897. Water is sold at $5 an 
inch at a 6-inch pressure. This is a high rate compared to that generally 
prevailing throughout the arid region, but the consumers do not com
plain, the value of their products allowing the tax. 
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The canal heads about 10 miles south of the town of Hood River 
and about 1 mile below the junction of the East and West forks, and 
on the east bank of the river. One mtle below its head the canal 
crosses Hood River on a trestle bridge over to the west side, where the 
water is used. The canal is 12 miles long, 4 feet wide, and is to carry 
3 feet of water. During the summer after its completion, 400 inches of 
water under a 6-inch pressure were used. 

Land adapted to farming purposes is fqund on the east side of the 
river as well as on the west side, and to serve the former a ditch was 
started in 1897, called the East Side or Bone ditch. It heads on the 
East Fork about 18 miles south of the town of Hood River and only a 
short distance above the so-called Free Bridge on the stage road to 
Mount Hood. Three miles only were constructed in 1897, but the idea 
is to push the canal to completion as soon as possible. 

As a suitable location for a gaging station could not be found above 
the head of the ditches on this river, one was established, October 20, 
1897, at Tucker, 5 miles south of ,the town of Hood River. A measure
ment on this date showed a discharge of 459 second-feet. A previous . 
measurement on September 28 gave a discharge of 541 second-feet. 
Probably 400 second-feet is about the minimum flow of this river. The 
station is described in Water-Supply and Irrigation PaperNo. 16, p. 181. 

The accompanying table shows the amount of precipitation as 
recorded at the Weather Bureau station at the town of Hood River, 
Oregon: · 

Rainfall at Hood Rit·er, Oregon. 

Jan. Feb. Mar. .Apr. 

-

In. In. In. In. 

1890 .. 

1891 .. 

1892 .. 

1893 .. 

1894 .. 

1895 .. 

-- 6.98 8.10 3.14 0.93 

-- 2.45 6.70 2.801 1.10 

-· 4.45 1.50 1. 80 4. 02 

-- 3.25 8.03 4.23 5.76 

.. ,11. 7: 5.03 12.67 1.68 

•• 110.8::> 1.16 3.68 1. 90 

~ 
-- 7.6J. 4.53 5.00 3. 17 

.. 2. 851 7. 45 6.78 1. 84 

May. June. July . .Aug. Sept. 

In. In. In. In. In. 

0.19 0.47 0.16 0.08 0.00 

1. 00 1.20 0.35 0.05 1.18 

0.75 0.54 0.27 0.12 0.48 

2.58 0.50 0. 331 0. 00 3.26 

T. I o.oc 1. 56 1. 79 2.00 

3.33 0. 25 0. 641 0. 15 2.91 

3.78 0. 54 0. 001 0. 22 0.98 

0.81 0. 951 0. 18 0. 30 1.29 

Oct. Nov. Pee. Total. I 
In. In. In. In. 

2.43 0. 061 3. 09,25. 63 
2.45 4. 55112.85136.68 
2.12 5. 83 10. 94 32. 82 

9.81 9.56 6. 86
1
54.17 
I 

3.93 3. 78 4. 13 48. 29 
. I 

0.01 3. 82

1

12. 83 H. 53 

1. 81 16. 55 9. oo1
53. 19 

1.24 10. 64112. 54;46. 87 
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NORTHERN PACIFIC WATERSHED. 

CEDAR RIVER. 

Measurements of Cedar River, Washington, were begun in August, 
1895, by Mr. T. A. Noble,1 for the Seattle Power Company. The point 
of measurement is at Clifl-"orrl's bridge, in sec.19, T. 22 N., R. 7 E., Willa
mette meridian. A continuous record of the flow since that time has 
been kept by Mr. Noble. The drainage area is estimated to be about 
143 square miles. The total depth of water coming from this drainage 
area was 80.73 inches during the year_ ending August, 1896; 99.83 
inches during the year ending December 31, 1896; and 102.35 inches 
during the year ending December 31, 1897. The nearest official record 
of precipitation has been kept at N orthbend. During 1897 the meas
urements show that the precipitation was 90 inches, excluding August, 
September, and October, during which no record was kept. Probably 
not more than 2 or 3 inches and possibly less than 1 inch fell during 
these three months. Thus the run-off of over 102 inches, when com
pared with the probable precipitation of somethin~ over 90 inches at 
Northbend, indicates that there must be a considerable increase of 
precipitation on the· mountain slopes. Mr. Noble thinks that the pre
cipitation near the summit of the mountain must be as much as 150 

, inches a year. The diagram in fig.178 gives the record of fluctuations 
during the year 1897. 

Sec.-ft. 

3, 5oo H--t---t-H-;--t-H-++-H++H++-H-+-++-1~+-H-+-+-IIt-J-++-1 

3, ooo t-t-t--t-H-t--t-1f-t-t--t-H-+-f-H-+-+-H++-H-+-+-+-+-+--II-II-I--I--+--I 

2, 500 r-t-tt"1-ht-t--t-ir-t-t-.-H-t--t-H-t--t-H-I-+-H-++H-+-I-IH+-+-I 

2, 000 t-t--.-t-1-tt--t-t-+-t-+ 

FIG. 178.-Discbarge of Cedar River, near Seattle, Washington, 1897. 

1 Gaging- of Cedar River, Washington, by Theron A. Noble: Proc. Am. Soc. Civ. Eng., Vol. XXIV, 
pp. ii62-675. 
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Estirnated rnonthly dischm·ge of Cedar Rivm·, near Seattle, Washington. 

[Drainage area, 143 square miles.] 

Discharge. Ruu-otl. 

Total for Mouth. month. 
Maximum. Minimum. Meau. Depth. Per square 

mile. 

1895. Second-feet. Second-feet. Sec.-feet. Acre-feet. Inches. Second-feet. 

September 13-30 433 174 252 9,000 1.17 1. 76 
October ..... __ • 253 138 181 9,285 1.46 1.27 
November .... __ 241 94 151 8,985 1. 18 1. 06 
December 13-30. 2,176 669 160 41,400 5.40 8.11 

1896. 
January ... __ .. 2,932 727 1,273 7.8, 272 10.28 8.90 
February .... __ 2,469 743 1, 334 76,732 10.06 9.33 

~farch ----·---- 2,034 608 1,012 62,226 8.18 7.08 

AprU -- .. ------ 1, 316 !)28 877 52, 186 6.83 6.13 

May---------·- 2,029 864 1,208 74,276 9. 75 8.44 

JUDe -. - - - - - - - .. 2,361 1, 363 1,650 98,182 12.86 11.53 
July -- ......... 1, 901 320 784: 48,206 6.33 5.48 
August._ ....... 347 197 260 15,987 2.10 1. 82 
September . __ .. 205 157 179 10,652 1.39 1. 25 
October .... __ .. 221 150 172 10,576 1.38 1.20 
November ...... 4,695 721 1,595 94,909 12.43 11.15 
Decembe~ -- __ .. 4,189 757 2, 217 136,318 17.90 15.50 

The year_ 4, 695 150 1,047 758,522 99.49 7.32 

1897. 
January ......•. 2,812 815 1,430 87,928 11.55 10.00 
February _ .. __ . 2,415 823 1, 303 72,365 9.49 9.11 
March ...... _ .. _ 1,366 723 901 55,400 7.28 6.30 

ApriL---------· 2,752 790 1,599 95,147 12.47 11.18 
May ......... __ . 2,143 939 1,562 96,043 12.61 10.92 

June----_ .•..•. 1, 410 780 1, 060 63,074 8.26 7.41 

July_------ .... 2,284 572 1, 135 69,788 9.15 7.93 
August ..... _ ... 561 342 427 26,255 3.44 2.98 
September .. _. _ 418 311 350 20,827 2.72 2.44 
October ........ 433 294 339 20,844 2.74 2.37 
N overu ber ...... 3,155 323 1,318 78,426 10.28 9.22 

I 
December ...... 3,601 674 1, 639 100,778 13.23 11.46 

The year_ 3,601 294 1, 089 786,87t> 103.22 7.61 
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OLYMPIC PENINSULA. 

The section of country known as the Olympic Peninsula, shown in 
fig. 179, is located in the northwestern part of the State of Washington, 
between Puget Sound and the Pacific Ocean, and comprises Clallam 
and Jefferson counties and the northern half of Chehalis County. It 
is occupied by the mass of the Olympic Mountains, the highest peak 
being Mount Olympus, with an elevation of 8,138 feet above sea level. 

This district is as little kuo~n as any in the United States. The 
mountains are rugged and extremely precipitous, and the forest growth 
is so dense as to be almost impenetrable. No exploring expeditions· 
have penetrated the heart of the range, and only one or two have been 
through the western portion of it. Tlte settlements are along the shores 
or extend for only a few miles up the valleys of some of the rivers . 

. FIG. 179.-Map of river stations in Olympic Peninsula. 

The accompanying view, Pl. XL VII, A, was taken in the forest 10 
miles south of Port Angeles, Washington. The precipitation in this 
region is greater than that in any other part of the United States. The 
rainfall at a number of stations here is ~hown in the table on page 508. 
The greatest annual amount was at Neah, in 1894, when 131.52 inches 
fell. Probably a greater amount falls on the mountain summits. As 
may be seen from the tables, the rainfall increases from east to west. 
In the vicinity of Dungeness and Port Angeles the least rainfall occurs 
in the summer months at the time when it is most needed for the grow
ing crops. On this account the farmers are beginning to realize the 
advantages of irrigation, and already two ditches have been taken from 
Dungeness River. 

During the summer of 1897 a gaging station was established on this 
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river, as well as one each on the Elwha, Solduck, and Calowa rivers, the 
last two in the southwestern corner of Clallam County. Pl. XLVII, B, 
is a view of the gaging station on Dungeness River, established July 
5, 1897, at the county bridge, 9 miles above the mouth and above the 
bead of the two ditches. Sufficient discharge measurements have not 
yet b~en made to permit the construction of rating tables for these 
stations and therefore the daily discharges can not be computed. 

The following measurements were made: On Dungeness River, July 
5, the discharge was 546 second-feet; August 17, 357 second-feet; and 

·December 4, 165 second-feet. On Elwba River, the discharge on Octo
ber 8 was 406 sccoud-feet; December 28, 4,623 second-feet. On Calowa 
River, September 6, the discharge was 469 second-feet; November 12, 
1,494 second-feet. On Solduck River, September 7, the discharge was 
858 second-feet; November 13, 1,898 second-feet. These stations are 
described in Water-Supply and Irrigation Paper No.1G, pp. 182-184. 

The following descriptions of the basins of Dungeness and Elwha 
rivers are prepared by Mr. A. Judson Adams, civil engineer of Port 
Angeles and hydrographer in charge of the stations. 

DUNGENESS RIVER. 

This river rises in the Olympic Mountains, which have a general 
easterly and westerly trend and rise to an elevation of 8,000 feet. They 
are perpetually covered with snow at their summits. The source of 
the river is in a number of small lakes lying in latitude 470 37' and 
longitude 123° 5', and at an elevation of 3,000 feet above sea level. 
Numerous small streams, from 2 to 6 miles long, flowing through deep 
canyons and along narrow valleys from both the east and west, unite 
to form the river, which then takes a gener 1 northerly course to the 
sea., entering it at New Dungeness, Washington. 

The temperature of the waters of the Dungeness, which come directly 
from melting snow in summer and from cold rains in winter, varies but 
little during the year from a few degrees above freezing point. The 
country at the bead and on both. sides of the river for about 25 miles 
down is very rough and broken, there being but few narrow valleys 
suitable for agricultural and grazing purposes. About 15 miles above 
its mouth the river leaves the rough mountainous country and enters 
a comparatively level section. Here the lands are very fertile, and 
although the greater portion of them are in the virgin state, being 
heavily timbered with fir, cedar, spruce, and hemlock, they are still 
mainly owned by bona fide settlers, who are gradually clearing them 
for farming purposes. A few miles farther down is the bead of Seguin 
prairie, containing about 3,000 acres of land, the greater portion of 
which is under cultivation. This prairie is of very regular contour, 
lying between the elevations of 110 and 220 feet, and is easily irrigated. 
The soil is alluvial and very fertile. 

The total annual precipitation in this section is from 20 to 30 inches, 
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A. FOREST NEAR PORT ANGELES, WASHINGTON. 

B. OUNGENESS RIVER, WASHINGTON. 

At gaging station about 9 miles from mouth. 
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only a small percentage of which, however, falls during the spring and 
summer months. The subsoil is of gravel and sand, not suited to retain 
the moisture, and, as a consequence, the ground becomes dry and vege
tation dies. The bulk of the rainfall occurs during a well-defined wet 
season, from November to April. During the months of June, July, 
and August there is often little more than a trace of rain. 

The Seguin Irrigation Company, comp.osed of a number of farmers 
having land on Seguin prairie, built a ditch in 1896, taking water from 
Dungeness River in sec. 26, T. 30 N., R. 4 W., and running to the 
prairie. For the past two seasons there has been a limited supply of 
water for irrigation. Although irrigation is something new to most 
of the farmers of this region and they have not yet learned approved 
methods of applying the water to the land to obtain the best results, 
yet they readily see by the experience of the last two years the benefits 
of irrigation. Several farmers who used water state that they obtained 
more than double the yield of various crops that was obtained by their 
neighbors who did not irrigate, and that their products were of better 
quality. ·The following statement, giving the ratio of yield in crops per 
acre with and without irrigation, shows the experience of a prominent 
farmer of Seguin prairie. 

With water: Wheat, 35 to 40 bushels; oats, 55 to 60 bushels; 
potatoes, 250 to 300 bushels. 

Without water: Wheat, 12 to 18 bushels; oats, uncertain; potatoes, 
100 bushels. The yield of other products was in about the same 
proportion. 

The Eureka Irrigating and Milling Company, also composed of 
farmers, is constructing another ditch much larger than the first, and 
tapping the river about 1 mile above. This latter ditch will be able to 
reach higher lands on the prairie. 

This river has been measured at the bridge shown on Pl. XLVII, B, 
situated about 9 miles above the mouth of the river and 18 miles' south
east of Port Angeles, Washington, as described in Water-Supply and 
Irrigation Paper No. 16, p. 182. 

ELWHA RIVER. 

This river rises on the southeastern slope of Mount Olympus, and is 
the largest stream flowing into the strait of Juan de Fuca, or Puget 
Sound, from the Olympic Mountains~ Its waters are clear at all ordi
nary stages, and run over a gravel and bowlder bottom. It is a tor
tuous and turbulent stream, winding between high and precipitous 
mountains, cutting its way through rocky ridges, and forming deep and 
narrow canyons. It passes through narrow valleys from a quarter of 
a mile to a mile in width and of various lengths, and finally discharges 
into the strait of Juan de Fuca about 3 miles west of Port Angeles 
Harbor, Washington . 

.At the head of Elwba River are a number of large open plateaus 
containing thousands of acres of land covered with a luxuriant growth 
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of grass, affording an excellent range and abundant grazing for sheep 
and cattle for about eight months of the year. During .the winter,. 
stock may be driven to the lower lands, where it can be kept at a com'
paratively smali cost. These upper ·grass lands have never as yet been 
utilized for stock raising, and only deer, elk, and other wild animals in 
vast numbers inhabit the country. There are no settlements along: 
Elwha River above Geyser Valley, which is about 18 miles from the 
mouth of the river. 

The bed of Elwha River i~ from 50 to 200 feet wide and is covered 
with bowlders and large rocks which have rolled down from the moun
tain sides. The banks are high and the channel of the river is not 
liable to change at any place except on the lowlands near tile mouth, 

5<::ale 

FIG. 180.-'Map of dam site on Elwha River, Washington. 

where it has been known to·shift its course several times, doing a great 
amount of damage to the farmers in the vicinity. The change of the 
channel is caused by log jams, which form in the river and back up the· 
water, causing it to seek another outlet. . 
T~e laud of the river valleys is a very fertile alluvial loam. Owing 

to the recent settlement of the country, much of this land is still uncul
tivated, being covered with vine maple, alder, cedar, and salal brush, 
but the settlers are rapidly clearing it and bringing it. under cultiva
tion. Little has yet been done in the way of irrigation, although a · 
number of the farmers realize that they would increase the yield a'nd : 
improve the quality of their crops if they should water their lands· 
during the d.ry season, which generally sets in before the crops are 
matured. 
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CANYON OF ELWHA RIVER, WASHINGTON . 

Looking upstream from point near the cascade 
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While there is a marked increase in the volume of water in Elwha 
River at certain seasons of the year, yet the difference is not so great 
as in many streams in other sections of the country. The reaSOD: for 
this is that during the rainy season or winter months, while rain is fall
ing along the coast and lowlands, snow is being stored in the mountains. 
During the dry summer seasons the snow gradually melts, so that there 
is a more regular supply of water to the streams here than to those in 
regions which do not have this inexhaustible snow supply. 

On Elwha River are a number of water powers which are as yet 
undeveloped. The one of most value -is at Ald wells Oanyon, shown 

FIG. 181.-Vertical section at dam site on Elwha River, Washington. 

in Pl. XLVIII, about3 miles from the Strait of Juan de Fuca and 5 miles 
from Port Angeles Harbor. The conditions here are illustrated by figs. 
180 and 181, the former being a map of the locality and the latter a 
section on the line A B shown in fig. 180. The water level in fig. 181 
is that of March 29, 1898, when it stood at 80.2 feet. Fully 10,000 horse-. 
power can be developed at this point at comparatively small cost by 
building a dam across the canyon, which is from 30 to 60 feet wide, 100 
feet deep, and one-quarter of a ~ile long. The walls are of solid lime 
and slate rock and are nearly perpendicular. The natural formation of 
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the bank on the west side of the canyon is such as to permit the over
flow of surplus water during freshets, and avoid the possibility of 
damage to the power works. The proposition that contemplates devel
oping this power, if consummated, will flood the river bottom for 22-
miles above the canyon. 

There are now three bridges across Elwha River; one at Aldwells 
Canyon, another at McDonald, and a third at Geyser Valley. The 
bridge at McDonald was 13elected as the most suitable place for taking 
discharge measurements. 

Annual rainfall at Washington stations. 

Stations. 1888. 1889. 1890. 1891. 11892. 1893. 1894. 1895. 1896. 1897. 

Inche3. Inches. Inches. Inches.,Inches. Inr.hes. Inches. Inches. Inches. Inches. 

Port Townsend .. 15.00 19.95 24. 901 23. 50 27.94 27.62 
Port Angeles .... 28.17 27.58 ·---·· 27.70 36.40 30.42 24.07 30.40 29.12 
Port Crescent ... -......... -... ---- .... . --- .... .. --- ... . - .......... 48.79 47. 15 40.50 . --- .... . --- .. 
Pysht. _. __ ...... ............... ................ ------ .. -....... ... --- - .. 73.47 66.13 67.58 ------ 68.31 
East Clallam .... ................ ............ . ... ---- . -- --·~-----. 

91.83 101. 15 90. 35 .. -........ .. --- .. -
N eah .. __ . _ . ____ . 102.95 -.. -.... - 122.11109. 67 118.88 131.52107.07 

~:~::~I_.~~~~:: .~:~~ -~~:~~ -~~: ~~ 1::: -~~:~ ~~: ~9r~::: -~~: ~~ ~~:~9~:~~-l 
SAN FRANCISCO BAY WATERSHED. 

The great valley of California, shown on Pl. XLIX, comprising 39 per 
cent of the area of California, d:raius into San Francisco Bay. Of this 

. total area 17 per cent is comprised in the Sacramento Basin, 20 per 
cent in the San Joaquin Basin, and the remaining 2 per cent is the 
smaller area immediately adjacent and tributary to the bay. 

SACRAMENTO RIVER. 

Sacramento River rises in the extreme northeastern corner of the 
State, and its drainage basin is confined wholly to California. For
merly Goose La..ke had an outlet to the Sacramento, but of late years 
this lake h~s not overflowed. The area tributary to Goose Lake is 
about 1,000 square miles, including 650 square miles in Oregon. 

The gaging station on Sacramento River is located at Jellys Ferry, 
12 miles above the town of Red Bluff, California, and above Iron Canyon. 
It is described in Water-Supply and Irrigation Paper No. 16, p. 185. 
A record of the gage heights of the river is also kept by the United 
States Weather Bureau at Red Bluff, as described in the same paper, 
on page 185. 

The rainfall measured in 1897 at Red Bluff and Sissons is shown in 
the table, page 539. 
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NINETEENTH ANNUAL REPORT PART IV PL XLIX 

VALLEY OF CALIFORNIA 
Scale, 50 miles to 1 inch 

Photograph ic reducti on of a portion of a relief 

map of California, exhibited in the California Buil d

'1ng at the World 's Columbian Exposition, Chicago, 

1893, and now in th e Art Build ing, Golden Gate 

Park, San Franc isco , California. 

Thi s relief map was prepared as a portion of th e 

California State exh ibit, under the direction of Mr. 

Will ard - D. J ohnson, hydrographer, Un ited States 

Geological Survey. Six men were continuously 

em ployed in th e work for thirteen months. Th e 

horizontal sca le was fou r miles to an inch ; th e 

vertical sca le, one mile to an inch. All officia l 

maps, and pri vat e sources of in formation of every 

description , were drawn upon for the data of relief . 

Forty-four thousand pins, measured in height to 

fifti eths of an inch, were used t o represent thi s 

elevati on data. Mode ling was done in c lay around 

th ese pins . Th e f1nal relief map was cast in plaster 

and painted by hand. Its horizontal d 1 mension s 

were nine by nineteen feet . Th e maximum relief 

was nearly four inches. 
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Rating table for Sacramento Riter at Jellys Ferry, California, for 1897. 

Ga!te Discharge. Gage Discharge. heig t. height. 

Feet. Second-feet. Feet. Second-feet. 

5.0 3,300 7.6 10,400 
5.2 3,820 7.8 11,000 
5.4 4,340 8.0 11,600 
5.6 4,860 8.2 12,200 
5.8 5,380 8.4 12,800 
6.0 5,900 8.6 13,420 
6.2 6,420 8.8 14,060 
6.4 6,940 9.0 14,700 
6.6 7,480 9.2 15,340 
6.8 8,040 9.4 15,980 
7.0 8,600 9.6 16,620 
7.2 9,200 9.8 17,260 
7.4 9,800 

I 
10.0 17,900 

Ga!te 
heig t. Discharge. 

Feet. Second-feet. 

10.5 19,450 
11.0 21,000 
11.5 22,750 
12.0 24,500 
12.5 26,500 
13.0 28,500 
13.5 30,600 
14.0 32,700 
14 5 34,850 
15.0 37,000 
15.5 39,500 
16.0 42,000 
16.5 44,600 

-

Gaae 
height. 

Feet. 

17.0 
17.5 
18.0 
18.5 
19.0 
19.5 
20.0 
21.0 
22.0 
23.0 
24.0 

Di 

;-

"ha<ge.l 
Se cond-feet. 

47,200 
50,050 
52,900 
55,850 
58,80.0 
61, 800 
64, soo·. 
71,000 
77,400 
84,000 

Estimated monthly discharge of Sacra'ntento River at Jellys Ferry, California. 

[Drainage area, 9,134 square miles.] 

~Mont~ Discharge in second·feet. Rung 
Total in acre· Second- . 

Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. s.:tuare 

mile. 

---
1897. 

January ........... 49,765 8,320 14,280 878,050 1. 80 1.56 
:February .......... 89,100 17,420 36, 108 2,005,335 4.11 3.95 
March .......... __ . 44,340 13, 100 21,790 1,339,825 2.76 2.39 
April .............. 28,710 18,830 22,807 1,357,108 2.79 2.50 
May .......... _ .... 18,520 9,200 13,737 844,660 1. 73 1. 50 
June .•••.. _ ... _ .... 9,200 6,680 7,620 453,420' 0.92 0.83 
July ............... 6,550 5, 120 5,699 350,420 0.71 0.62 
August ......... __ .. 5,120 4,600 4,776 293,667 0.60 0.52 
September .. __ ..... 4,600 4, 600 4,600 273,718 0.56 0.50 
October ............ 6,680 4,600 4,955 304,673 0.62 0.54 
November .......... 8, 600 5,120 5, 590 332,627 0.68 0.61 

I December. .... ___ .. 16;940 5, 380 7,792 479,114 
098 3 ---

18.26 - 1. 36 The year ..... 89,100 4,600 12,480 8, 912,617 
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)~A~ r.f 0 IM,ARC i," A~R~ ~A~ ~~N~ J~L~ _t':!urg_ _7~~~ ~C_T0 ~ov0 .~~~ 
Sec.-ft.' 

120,1\1\1\ 

110. nnn 

100, nr.n 

90, n 

80, nnn 

70,000 

60, OOQ I-I- t--

50,000 1-1- h 

~ ... : 30, 000 1-1- I 

20,000 I- t- I· 

10,000 ~ Lolli ... 
0 

·Fm.182.-Discbarge of Sacramento River atJellys Ferry, California, 1897. 

STANISLAUS RIVER. 

The gaging station on this river is located at Oakdale, California, 
and is described in Water-Supply and Irrigation Paper No. 16, p. 
187. The diversion from the Stanislaus which occu-rs through the 
Stanislaus and San Joaquin canal above Knights Ferry was measured 
a number of times during 1897. This canal divides at Knights Ferry, 
the smaller portion of the water being diverted into the Little John 
canal. The canal measurements made below the diversion of the Little 
John canal are as follows: 

Mea-su1·mnent1t of flow in Stanislaus and San Joaqnin Valley canal. 
Second-feet. 

February 16 ...... ____ ..... _____________ . ______ ... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 26 
May 30 .. __ . _ . _ •. ______________________ • __ • ______ • ____ .. _______ • ~ __ • _ .... ___ . 54 

July 13 . _ .. ____ ....................... ~ ...................................... 36 
September 6 .............................. ____ .......... ______ ...... _. . . . . . . . 52 
October 29 ..•...............•. __ ••.• __ .. _ .. __ ••.. _. _ .. _ .. __ .•..•.••• _ •• _. . . . . 34 
December 19 .. _ .................. ___ ..... _ .. _ ............................. _ . . 17 

Measm·ements of flow in Little John canal. 

February 16 .............................. __ . _ .. _. _ ... __ . __ .. __ .......... _ ... 13 
1\fay 30 . ____ ..••••. ______ . _. __ ...• ___ . _ ... __ .....•••..•.... __ .•.••. _ .•.. ____ . 12 

July13 ···--······-··········---·······-··-····---·--·· ----········-··········· 15 
September 6 ........................... _ ......... __ ..... _ . . . . . . . . . . . . . . . . . . . . 1. 3 
October 29· ...•...••••.•.•.....•..•...•.....• _ •... __ •. __ ...••••..••••.•• _. . . • . 0. 7 
December 19 . - ............................ _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 6 

The rainfall, as measured at Sonora in 1897, is shown in the rainfall 
table, on page 539. 
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Rating table of Stanislaus Rivm· at Oakdale, Califm·nia, fm· 1897. 

Ga!te 
heig t. Discharge. G_age 

he1ght. Discharge. Gage Discharge. Gage Discharge. height. height. 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

1.5 100 3.0 450 I 4.5 1, 600 7.0 4,510 
L6 110 3.1 516 I 4.6 1,696 7.2 4,786 
1.7 120 3.2 582 4.7 1, 792 7.4 5, 062 
1.8 130 3.3 648 4.8 1,888 7.6 5, 340 
1.9 140 3.4 714 4.9 1,984 7.8 5, 620 
2.0 150 3.5 780 5.0 2,080 8.0 5,900 
2.1 170 3.6 860 5.2 2,308 8.2 6,184 
2.2 190 3.7 940 5.4 2,536 8.4 6,468 
2.3 210 3.8 1,020 5.6 2, 768 8.6 6, 754 
2.4 230 3.9 1,100 5.8 3,004 8.8 7, 042 
2.5 250 4.0 1,180 6.0 3,240 9.0 7,330 
2.6 290 4.1 1, 264 6.2 3,480 9.5 8, 060 I 

2.7 330 4.2 1, 348 6.4 3,720 10.0 8,790 f 

~ 
370 4.3 1,432 6.6 3,974 10.5 9, 530 
410 4.4 1,516 6.8 4,242 il. 0 10,280 9 

Estimated monthly diseha1·ge of Stanislaus River at Oakdale, California. 

[Drainage area, 1,051 square miles.] 

r--Month 

Discharge in second-feet. Run~ 
Total in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 

mum. mum. inches. square 
mile. 

---
1897. 

January ........... 2,251 410 609 37,446 0.67 0.58 
February .......... 10,580 1,264 3,252 180,607 3.23 3.10 
March ............. 5, 062 1,,264 1, 915 117,750 2.10 1.82 
April .............. 9,234 1,880 5,064 301,328 5.37 4.81 
May ............... 9, 980 5, 480 7,324 450,338 8.04 6.97 
June ............... 3, 974 860 2,077 123,590 2.21 1. 98 
July ............... 1, 18~ 250 582 35,786 0.63 0. 55 
August ............ : 230 170 198 12, 175 0.22 0.19 
September ....... ~. 190 140 152 9 045 0. 16 0.14 
October ............ 250 140 176 10,822 0.20 0.17 
November . _ ........ 780 170 255 15,174 0.27 0.24 I Ileceu<ber ______ •... 1,516 210 411 25,272 0.45 

'3 ------
The year ..... 10,580 140 1,835 1,319,333 23.55 1.74 
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Sec.-ft. 
12, oooH--t--t-H-+-+-H++-H-+-t-H-+~~-+-+-~~+-+-~-+~~-+---1--1 

11, ooo t-+++-H++-lr--t+-t-H++H+H-+++-li-++H-++~++-~ 

10, ooo H--+-ttt--i-t--t-t--t-t--t-trl-t--t-+-l-f-+-t-+-f--+-~-+-+-H-+-+-1-+-+-+-1 

9, oooH-t--ttt-1-t--t-H-t-~tt-f-tlH-+-1++-H+-+-+-+++-H--1-+-1-++H 

FIG. 183.-Diseharge of Stanislaus River at Oakdale, 1897. 

TUOLUMNE RIVER. 

The upper gaging station on this river is located at the wagon bridge 
in the town of Lagrange, California, and is described in Water-Supply 
and Irrigation Paper No. 16, p. 188. The mining company's flume 
which diverts water from Tuolumne River, 7 miles above the station, 
was measured three times during the year. Its water returns to the 
river in part above the bridge and in part below t)le bridge, depending 
on the personal convenience of the miners. On May 29 this flume 
was carrying 22 second-feet; October 30, 6 second-feet; December 20, 
34 second-feet. The rainfall was measured at Second Garotte and 
Crockers during 1897, as shown in rainfall table, page 539. 

Discharge measurements were not made at the lower station at 
Modesto during 1897, on account of the poor character of the cross 
section. The bed of the river is shifting and the changing elevation of 
San Joaquin River, jnto which the Tuolumne discharges 16 miles 
below, changes the conditions of its grade and therefore modifies the 
discharge. .A. record of gage heights, however, was maintained by the 
Southern Pacific Company. The sta.tion is described in Water-Supply 
and Irrigation Paper No. 16, p. 189. 
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Rating table for Tuolumne River a.t Lagrange, California, for 1897. 

G•g•ln' Ga!te Discharge. I Ga~ Discharge. Gaue Discharge. height. 1scharge. heig t. I htig t. height. 
I 

-~--

Feet. Second-feet. Feet. I· Feet. Second-feet. Feet." Second-feet. Second-feet. · 

8.5 40 4.6 390 5.7 1,840 7.6 6,680 
3.6 52 4.7 480 5.8 2, 060 7.8 7, 240 
3.7 64 4.8 570 5.9 2,280 8.0 7,800 
3.8 76 4.9 660 6.0 2,500 8.2 8,400 
3.9 88 5.0 750 6.2 3, 020 8.4 9, 000. 
4.0 100 5.1 880 6.4 3,540 8.6 9,600 
4.1 140 5.2 1,010 6.6 4,060 8.8 10,200 
4.2 180 5.3 I 1,140 6.8 4, 580 9.0 10,800 
4.3 220 5.4 1,270 7.0 5,100 9.5 12,300 
4.4 260 5.5 1,400 7.2 5, 620 10.0 13,800 
4.5 300 5.6 1,620 7.4 6,140 10.5 15,300 

Est·imated monthly discharge of• Tuolumne Rivm· at Lagrange, Califomia. 

[Drainage area, 1,501 square miles.) 

~Month. 
Discharge in second-feet. Run-off. 

Tota1 in acre- Second-feet. Maxi- Mini- Mean. Depth in feet per 
mum. mUIU. inches. square 

mile. 

------
1897. 

Jan nary ............ 3,930 660 1, 231 75,692 0.94 0.82 
February ........... 13,200 1, 840 5,172 287,238 3.59 3.45 
Ma-rch .............. 10,800 2,500 4,032 247,920 3.10 2:69 
April. .............. 

1

13, 500 3, 280 7,735 460,263 5.75 5.15 
May ............. _.. 14, 700 9, 600 11,9!&3 733,121 9.15 7.94 
June ... _ ........... 9,300 2,500 5,673 337,566 4.22 3.78 
July ............... 4,840 480 2,181 .134,105 1. 67 1. 45 
August ............. 570 76 237 14,573 0.18 0.16 
September ......... 14-0 28 86 5,117 0.07 0.06 
October ........ ___ . 750 76 222 13,650 0.17 0.15 
November .......... 3,540 260 768 45,699 0.57 0.51 

I December .......... 4,060 570 1,104 67,883 0.85 

'3 ------
The year ..... 14,700 28 3,364 .2,422,827 30.26 2.24 

----
19 GEOL, P'l.' 4--33 
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FIG. 184.-Discbarge of Tuolumne River at Lagrange, California, 18~7. 

SAN JOAQUIN RIVER. 

The main river basin comprises a considerable area that contributes 
little, if any, water to the river proper. This includes the greater por
tion of the eastern slope of the Coast Range; the area at the southern 
end of the valley; the drainage from the Tejon Mountains; and within 
recent years, since the development of irrigation, little water is con
tributed even from the large basins of Kern, Tule, Kaweah, and Kings 
rivers. The Her-ndon station is located above the point where the 
river joins the trunk. stream in the central drainage line of the valley. 

The irrigation development of the valley is thoroughly discussed by 
Mr. U. E. Grunskyin the papers, Irrigation near Bakersfield. California, 
Irrigation near Fresno, California, and Irrigation near Merced, Cali
fornia, published as Water-Supply and Irrigation Papers Nos.17, 18, 
and 19. 

A number of gaging stations were maintained during 1897 in the 
basin, as described in Water-Supply and Irrigation Paper No. 16, pp. 
187-192, inclusive. 

The gaging station on San Joaquin River is located at Herndon, 12 
miles north of Fresno, California, on the line of the Southern Pacific, and 
is deseribed in Water-Supply and Irrigation PaperNo. 16, p. 190. Tlle 
silt in the river affects paint in a rather unusual way, it being necessary 
to paint the rod twice a year. For this reason a float gage bas been 
arranged with the indicator and painted rod entirely above the water 
line. · 
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Rating table for San Joaquin R-iver at Herndon, California, for 1897. 

I 

Gage I · b Ga~e Discharge. Ga~e Discharge. Gage Dis char height. D1sc arge~ heig t. heig t. height. 

Feet. S.o~df"'·l Feet. Second-feet. Feet. Second-feet. Feet. Second-je 

2.3 90 3.5 1,300 5.4 4,600 7.8 10,624 
2.4 :i20 3.6 1,450 5.6 5, 012 8.0 11,240 

et. 

2.5 150 3.7 1,600 5.8 5,436 8.2 11,864 
2.6 260 3.8 1,750 6.0· 5,860 8.4 12,488 
2.7 370 3.9 

I 

1, 900 6.2 6, 316 8.6 13,120 
2.8 480 4.0 2, 050 6.4 6, 772 8.8 13,76 
2.9 590 4.2 2, 390 6.6 7,270 9.0 14,400 

0 

3.0 700 4.4 2, 730 6.8 7, 810 9.5 16,200 
3.1 820 4.6 3,080 7.0 8,350 10.0 18,000 
3.2 940 4.8 3,440 7.2 8,890 10.5 20,000 
3.3 1,060 5.0 3,800 7.4 9,430 11.0 22,000 
3.4 1,180 5.2 4,200 7.6 10,008 

Estimated monthly discharge of San Joaquin River at Herndon, California. 

[Drainage area, 1,637 square miles.) 

~Month. I 
Discharge in second-feet. 

I ~J.'otal in acre-

I 
Maxi- l\Iini- feet. 
mum. mum. Mean. 

I 
----~---

I 1897. 

Run-

Deptb;n I 
inches. 

I 
! 

~ 
~I 
feet per 
square 
mile. 

1,180 1 535 655 40,275 0.46 January. . . . .. .. . . . . 0. 40 

15, 660 I 1,180 2,598 144,286 1. 66 
• 4, 600 1,675 2,325 142,960 1. 64 
11,708 2,305 6,541 389,216 4.46 

February . .. . .. .. .. 1. 59 
March .... __ .... _ . . 1. 42 

April .. . . .. . .. . . . . . 4. 00 
18,600 9,565 13,545 832,855 9.54 May . . . . .. . .. . . . . . . 8. 27 
12,332 2,390 5, 862 348,812 3.98 June............... 3. 57 
4,300 1, 300 2,493 153;290 1. 75 July .. ·;.. . . . . . . . . . 1. 52 
1,300 !'l90 I S98 55,216 '0. 63 August. . . . . . . . . . . . . I 0. 55 

September . . . . . .. . . 535,· 105 
1 

227 13, 507 ' 0. 16 . 0.14 

October------ ·---··i 820 105 279 17,155 0.20 0.17 
November .......... 

1 
4, 300 I . 120 872 51, f:/87 0. 59 0. 53 I December .......... 

1

1 
4, 000 1--60 ___ 9_6_8_

1 
___ 5_9_, 5_2_0 j __ ~:~ 0. 59 I 

_T_h_e_y_e~a_r_._--_·~-~1_8_,_6_oo~l _____ 6_o~-3-,_1o_5~--2,_2_4_8,_9_7_9~~--2-5-.~-,5~-~ 
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Sec.-ft. 

u,uuu~-r;-~-r~-+-r~r+-r~r+4-r1-+~~~4-~~4-~-r~~ 

FIG. 185.-Discbarge of San J oaqnin River at Herndon, California, 1897. 

ELECTRIC-POWER 1'R.ANSMISSION .A1' FRESNO, CALIFORNIA. 

Three conditions in California urge the development of its latent 
water power and the long distance electric transmission of this force: 
First, the absence of local coal deposits and tht3 consequent high price 
of that needed commodity; second, the average low relative humidity 
of the atmosphere, which permits a high order of insulation of the line 
'nd consequently high voltage or pressure in the current; third, the 
presence of high mountain ranges passing longitudinally through the 
State, resulting in numerous streams with very heavy gradients, which 
flow toward the fertile valleys of the State. The streams rising on the 
Sierra Nevada are supplied from banks of perpetual snow and furnish 
ideal power for the operation of electric machinery. 

The coal used in southern California comes from Alaska, British 
Columbia, New Mexico, and even Australia, and the soft coals sell for 
from $6 to $10 per ton. This of course m~kes power very expensive 
and has greatly retarded the manufacturing progress of the State. 
For these reasons California has been for the past ten years the pioneer 
in the development and transmission of power and still retains this 
position. 

One of the most interesting plants in the State is that of the San 
Joaquin Electric Company, which has located its power plant on the 
North Fork of San Joaquin River (Pl. L). The water is diverted 
without any weir directly i_nto the flume, and this is fastened to the bed 
rock of the stream bed by leaded driftbolts. The conduit is 7 miles in 
length, 4,000 feet being flume and the remainder canal in earth and 
rock. The capacity is 70 second-feet, the flume having a grade of 3 feet 
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in 1,000 and the canal1 foot in 1,000. Waste gates are provided every 
4,000 feet in the canal, and numerous sand boxes are used to catch the 
silt, which is very injurious to the wheels and nozzles. A reservoir site 
800 feet from the canalli:Ue has been made tributary to the plant. Its 
capacity, with an earth dam 10 feet high by 500 feet long,. is about 700 
acre-feet, which is sufficient to run the canal for five days and is impor-
tant in connection with head work repairs. · 

The length of pressure pipe from the receiver to the wheels is 4,020 
linear feet. and the bead is 1,411 feet. The pipe is in three sections: 
The first section, 1,820 feet long, is of riveted steel 24 inches in diam
eter; the second section, 400 feet long, .is of converse lock-joint, lap
welded pipe, 20 inches in diameter, with leaded joints; the third sec
tion, 1,880 feet long, 20 inches in diameter, is lap-welded with flange 
joints bolted and made tight with rubber gaskets. The pipe in some 
cases is buried from 5 to 8 feet in the soil; in others it is anchored to 
bed rock, holes being dri11ed 5 feet into the rock and bolts set and 
sulphured therein. Semicircular yokes 2~ feet by five-eighths of an 
inch are placed over the top of the pipe and are screwed fast to the 
bolts. The pipe was laid in two sections, the closure being between 
the riveted and welded pipe. The opening between the ends varied 
between night and day from 7 feet to 7 feet 8 inches. The connection 
was made at night at the 7-foot opening and the pipe was then filled 
with water. The normal flow of water in the pipe is, with the present 
installation of wheels, at the velocity of 1.5 feet per second, but the 
nozzle velocity is 153 feet per second. It has been a serious matter to 
control this jet when it is deflected from the wheel. It tears to pieces 
any masonry put in its path, and when a water cushion is substituted 
it does not give satisfaction, as the water is thrown out of it in every 
direction. Covering the pit did not prevent the exit of the water from 
its top and sides. The final method adopted to check the jet when it 
is deflected from the wheel is to place before it a chilled iron plate 3~ 
inches thick. When this is destroyed it is. renewed. Because of the 
great head the ordinary valves and pressure regulator used were found 
to be inefficient, and the devices finally adopted consisted rather of 
arrangements to prevent the sudden opening and closing of valves. 
At one time a pipe valve was opened at the power house when the 
wheel nozzle was off, the engineer having forgotten that he bad removed 
it. The pipe was emptied faster than it could be filled, and a vacuum 
was produced, resulting in the collapse of several hundred feet of the 
pipe, which was flattened as if it had been rolled out. 

The wheel used Is a 60-inch Pelton water wheel of the ''impulse" 
type, coupled directly to the shaft of the dynamo. On the same shaft 
is a fly wheel weighing 6,000 pounds. The cups resemble a Win sec
tion, the jet striking the central apex, upon which it ·splits, expending 
its force on the back of the cups, and theoretically falling as "dead 
water" on each side of the wheel. The backs of the cups are not 
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angular, but rounded. The efficiency of wheels of this type is from 
80 to 90 per cent. Pl. LI shows the water wheels and fly wheels 
mounted on their shafts. The receiver of the pipe line was not in posi
tion when this photograph was taken. It is located above the wlteels, 
and the nozzles are attached to its bottom. One of the detached noz
zles is shown on the upper right-band side. ~<\s already stated, the 
dynamos (shown in P1. L, B) and the water wheels are attached to the 
same shaft. There are three General Electric multi-polar, three-phase 
generators, delivering a current at 700 volts to the low-potential switch 
board, whence it is carried to nine 125-kilowatt transformers which step 
up the current to 11,200 volts for the line. The poles are 12 by 12 
inches at the butt and 6 by 6 inches at the top, set 120 feet apart in 
the valley and 100 feet apart on the mountain side. They vary from 35 
to 40 feet in length. The transmission circuits consist of two triplex, 
three-wire sets, which may be used independently or together. All 
wires are of No.3 Browne & Sharp soft-drawn copper. Triple petticoat 
porcelain insulators are used. The line is 35 miles long. The company 
charges the city of Fresno $6.45 per month for each 2,000-candlepower 
lamp burning all night every night in the month. Power is sold at $64 
per horsepower per annum, twenty-four hours a day. Meter service is 
15 cents per kilowatt, with discounts up to 25 per cent for large con
sumers. Power and light are sold for all general purposes. 

The line bas been continued to Hanford, which makes a total length 
of 69 miles. Power will be transmitted to this point at 19,500 volts, 
and the loss by line transmission, it is said, will be from 5 to 8 per cent. 
Over 150 horsepower will be transmitted. 

KINGS RIVER. 

Two stations have been maintained on this river during 1897. The 
upper station is located 15 miles east of Sanger, California, and south
west of Red Mountain, above all caual diversions, and is described in 
W ater-Supp1y and Irrigation Paper No. 16, p. 191. 

Rating table for Kings River at Red Mountain, Califm·nia, 1897. 

I 

Gage 
heig~t. 

Discharge. Ga~e 
heig t. Di:>charge. Ga!t_e 

heig t. Discharge. Gage 
height. Discharg~. 

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

4.0 320 5.1 844 7.2 2,808 9.4 7,136 
4.1 360 5.2 908 7.4 3,096 9.6 7,716 
4.2 400 5.4 1,036 7.6 3,400 9.8 8,348 
4.3 440 5.6 1,170 7.8 3, 720 10.0 8,980 
4.4 480 5.8 1, 310 8.0 4, 040 10.5 10,980 
4.5 520 6.0 1,450 8.2 4:408 11.0 13,520 
4.6 572 6.2 1,642 8.4 4,776 11.5 16,720 
4.7 624 I 6.4 1,834 8.6 5,184 12.0 20,060 I 

lJl 
676 6.6 2,048 8.8 5,632 12.5 23,400 

I 
9 728 

I 
6.8 2,284 9.0 6,080 

0 780 7.0 2,520 9.2 6, 608 
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Estimated monthly discharge of Kinga River at Red Mountain, California. 

[Drainage area, 1, 775 square miles.] 

I -Discharge iu second-feet. Run-off. 

Month. 
Total in acre- Second-

Maxi- :Kli~i- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

------

1897. 
January ............ 624 360 437 26,870 0.29 0.25 

February .......... 6,344 1,100 1, 631 90,581 0.96 0.92 

March ....•........ 4,408 1,240 1,884 115,843 1. 22 1. 06 

April .............. 9,380 1,930 5,318 316,442 3.33 2 .. 99 

May ............... 22,732 6,344 14,470 889,731 9.40 8.15 

June ............... 10,580 2:520 6,145 365,652 3.87 3.45 

July ............... .4,040 1,036 . 2,177 133,859 1. 41 1:22 

August ............. 1,100 440 739 45,440 0.47 0.42 

September ......... 480 250 329 19,577 0.20 0.18 

October ............ 572 270 394 24,226. 0.25 0.22 

November .......... 2,520 360 692 41, 177 0.44 0.39 

December .......... 8,348 572 985 60,566 0.63 0.55 
------

The year ..... 22,732 250 2,933 2,129,964 22.47 1.65 

s.c.-ft. 

24, OOD H-t--t--t-+-lH-t--t-+-Hf--+-t--+-+-H-+-+-+-+-HH-++-+-1--1-+-1-+-H~ 

22, ooo t-t-t--t--t-H-t-++-HH-t--Hrt-+-H-+-++HH-+++-HH-+++--H-1 

20, ooo t-+-t--t--t-H-+-+--t-HH-+-+11-t-+-H-t--+--+-HH-+-+--+-+-iH-+++-1--1~ 

18, ooo t-t-t--t--t-H-+++-rH-t--tii+-+-H-+-+++-f---lr-+-+-+~1--4-+-+-+-~-1 

16, 000 t-+-+-t--t-t-+-++-+-1-+-+ ..... 

FIG.l86.-Discharge of Kings River at Red Mountain, California.1897. , 
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The lower station on Kings River is located at Kingsburg and is 
described in Water-Supply and Irrigation Paper No. 16, p. 192. The 
channel at the railroad bridge, where discharge measurements were 
first made, is 'sandy and shifting, and it has been found necessary to 
employ a somewhat different method in estimating the daily dis
charges. Measurements subsequent to April 7, 1897, were made 2 
miles above the railroad bridge, at Clarke's bridge, which .crosses the 
river in one span. 

It was found that no consistent relation could be established between 
volumes (lischarged and rod heights because of the shifting nature of 
the river channel. Soundings bave.been taken every two weeks at the 
railroad bridge to determine the areas of cross section, the height of 
water on the gage rod being noted at tbe time of sounding. From 
these records it has been determined whether the bed of the stream 
has risen or fallen during the two weeks, and. to what extent. For 
instance, if between June 1 and J nne 15 the stream bed has lowered 
140 square feet, it is assumed that the section increased in area at the 
rate of 10 square· feet a day, irrespective of river heights on the gage 
rod. The rise and fall of the river surface is then considered, and from 
these two factors a table of daily areas of cross section is obtained. 
The area of section at Kingsburg is noted for each measurem~nt tbat 
has been taken either at Ularke's bridge or at Kingsburg, and curves 
have been plotted in terms of areas of cross section and volumes dis
charged, as shown in fig.187. These curves are much more satisfactory 
than the curve showing the relation of river heights and discharge. 
The rating table is in terms of areas of cross section and discharges 
instead of the ordinary table of gage heights and discharges. 

It was discovered during the summer of 1898 that a diversion dam 
2 miles below the Kingsburg gage rod was affecting the grade of the 
river at the gage, and consequently the corresponding volume, by 
means of the opening and closing of the head gates. It is therefore 
obviously impossible to compute a record that is accurate for this sta
tion. Tbe individual meter measurements should be correct, but the 
table of monthly discharge must be considered only as approximate 
and as the best obtainable under the circumstances. 
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List of clischarge measu1·ements ·made on Kings River at Kingsb'lt1"g, California. 

Ffnate. Meter Ga!t_e Hydrographer. DUID· heig t. ber. 

-.I ---

I 1895. I . Feet. 

1 Jan. 10 A.P.Davis ·----- ____ 24 6.00 
2 Mar. 23 J. B. Lippincott_---- 24 4.10 
3 Dec. 12 ----.do --.--- ---- ---- 63 3.3 

1896. 
4 Apr. 11 J. A. Vogleson _ ... _. _ 63 5.70 

1897. 
5 Feb. 11 J. B. Lippincott.---- 67 5.58 
6 Apr. 6 . _ ... do .... __ .... _ .. _ 67 5.20 
7 June 3 ----.do -------------- 67 8.6 
8 July 17 A. Q. Campbell ___ ... 67 5.02 
9 Sept. 10 ----.do -------- __ --·- 67 3.2 

10 Nov. 3 ----.do ------ ____ ---- 67 4.84 
11 Dec. 23 J. B. Lippincott ..... 67 4.8 

a Estimated. 

Sq. ft. 
3, 000 

2, 500 

2,000 

1,500 

1, 000 

500 

~ v 
-~ 

~ 
~ 

A 

"~ 
/'f 

lf 
.~~~ 

J -
. 

.JO 0 0 0 0 0 0 
~g 0 0 0 0 0 0 

0 0 0 0 0 0 

~....i ci cQ ~ o.t) <IS ~ 

Area of Mean Dis· 
section. velocity. charge. 

---------
Feet per 

Sq. feet. second. Sec.jeet. 

1,985 0.92 1,830 
1,273 0.39 . 500 
1,027 0.40 366 

2,047 .0.92 1,883 

1,903 0.47 905 
1,649 0.61 825 

a3, 347 2.70 a5,959 
1, 737 0.34 503 

961 0.177 221 
1,557 0.34 

~ 1,666 0.38 
-

----
v--

..--l---" 

0 

"""~ 
0 0 0 0 
0 0 Cl 0 
0 0 0 0 

«i ar 0 ,....;-
.-I .-I 

FIG. 187.-Rating curve for Kingsburg station on Kings· River, California. 
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Rati.ng table for Kings Rit,er at Kingsburg, California. 

Applicable from May 1, A.p~icable from May 1 to 
1896, to April30, 1897. ecember 31, 1897. 

Area. DischargA. Area. Discharge. 

Square feet. Second-feet. Square feet. Second feet. 

500 200 500 180 
1,000 340 1, 000 220 
1,500 660 1,500 410 
2,000 1,800 2,000 1,280 
2,500 4,080 2,500 3,550 
3,000 7,290 3,000 7,300 
3,500 11,160 3,500 11,150 
4,000 15,040 4,000 15,010 

1---~:~~-. 
18,900 4,500 18,860 

I ·-·--- ............... 5,000 22,710 
__j 

Estimated 'tnonthly discharge of Kings River at Kingsbn1·g, California. 

[Drainage area, 1, 742 square miles.] 

~Month 
Discharge in second-feet. Run~ 

Total in acre- Second-feet. 
I Maxi- Mini- Mean. Depth in feet per 

mum. mum. inches. square 
mile. 

---
1896. 

May ............... 20,147 408 3, 945 242,569 2.61 2.26 
June .•............. 19,670 3,225 11,652 693,342 7.46 6.69 
July ............... 4,239 452 1,942 119,408 1. 28 1. 11 
August ............. 549 400 465 28,567 0.31 0.27 
September ......... 641 420 476 28,294 0.30 0.27 
October ............ 815 385 628 38,590 0.42 0.36 
November ... _ ...... 1,450 415 625 37,202 0.40 0.36 
December .......... 830 385 581 35,730 0.38 0.33 

1897. . 
January ........... 805 350 520 31,974 I 0.35 0.30 
February ~--- ...... 8,420 690 1, 841 102,244 I 1.10 1. 06 
March .............. 12,000 580 1, 569 96,475 1.04 0.90 
April ............... 7,050 665 3,043 181,072 1.95 1.75 
May ............... 18,900 4,910 11,360 698,504 7.52 6.52 
June ............... 10,690 644 4,354 259,080 2.79 2.50 I 

July ............... 775 230 460 28,284 0.30 0.26 
August ............. 305 208 228 14,019 0.15 0.13 
September ......... 222 210 216 12,853 0.13 0.12 
October ............ 615 215 350 21,520 0.23 0.20 
November .......... 2,850 278 676 40,225 0.44 0.39 Lber .. . . .. .. . . 3, 440 ~ 765 47,038 

0.50 ~ 
The year . . . . . 18, 900 208 2,115 1,533,288 16.50 - 1. 21 
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Sec.-ft 
24, oool-+-t--+-+--t-++-11-+-+-+-t-+-+-+-+--t-++-+-t-+-+-+-ir-t--+-+-lr--+-t-+-i~--t-1 

22, oool-+-t--+-+--t-++-11-+-t-+-t-+-+-+-t-+-++-+-t-++-+-ir-t--+-+-1-+-t-+-i~--t-1 

20, 000 t-+-+--+-t-t-t-+-lr-t-t-+-t--t-t--t-t-t-t-+-t--t-t--t-+-11-+--t-+-IH--+-+-tl-+-+--t 

18, 000 H--t--t-t-+-++-11-+-t-+-t-+-+tf+-t-+-++-+-t-+-l-~f--+--f-+-lf--+4-+-11-f--+--t 

16, 000 t-+-+--+-+--t-f-+-lf---+-t-+-1--+-+IH--+--t-+-+-._.-+--+-+--lY--+-+-IY--+-+-f-+~ 

14, 000 t-+-+--t-1--+-+-t--+-+-+-lt--+-t-

12, 000 t-+-+--+--1--+--h-+--+-+-+-11-+-+11-

10, 000 t-+-+-+-11--+-H-+--+-+-+-If---f-

8, 000 t-+-+-.........,1-+-H-t-+-+-+-lt--+ 

6, 000 t-+-+-~1--+-1-1+--+-+-...... 1-

4, 000 t-+-+-..g..,..:l--+-1-111-4-+-~~ 

2,000~;la~ 
FIG. 188.-Discharge of Kings River at Kingsburg, California, 1897. 

KERN RIVER. 

Kern River during 1897 has been measured at a point 7 miles north
east of the town of Bakersfield and 12 miles below the mouth of the 
canyon,'the drainage area being 2,345 square miles. This station was 
originally established in 1893 by the Kern County Land and Water 
Company, Walter James being chief engineer and A. K. Warren hydrog
rapher. The results are given by the land company for publication. 
The method of procedure is described in the Eighteenth Annual Report, 
Part IV, p. 395. The river is measured with meters once a week or 
oftener. A clock-registering gage gives continuous river heights. The 
relation of velocity to hydraulic mean radii is determined by the meter 
observations, and from this base the discharge is figured. The work 
bas been carried on with care and skill. The records of rainfall for 
Kernville and Mount Breckenridge are given in the table on page 539. 



524 PROGRESS OF. STREAM MEASUREMENTS FOR 1897. 

Estimated monthly discharge of Kern Ri~;er at Bakersfield, California. 

[Drainage area, 2,R45 square miles.] 

---,--- --g Discharge in second-feet. Run-off. 

-----
"Month. Total in acre- Second-feet. Maxi- Mini- Depth in - feet per 

l mum. mum. Mean. inches. square 

I mile. 

1- --- ------ -------
1896. 

January----.------ 3,101 377 747 45,931 o. 37 1 0.32 
i 

February---------- 798 559: 617 35,489 0.28 0.26 
March . ___ . _ ..... _ . 2, 089 652. 951 58,475 0.47 0.41 
April .......................... 1,263 766 972 57,838 0.4.6 0. 41 

May--------------- 3,370 934 1,401 86,144 0.69 0.60 
June ___________ ---- 3, 611 1,244 2, 456. . 146, 142 1.17 1. 05 

July----------.---- 2, 210 741 1, 316 82, 762 0.66 0.57 
August ... __ .... _ .. 741 353 4-86 29,883 0. 24 I 0.21 
September __ ... _ ... 473 234 304 18,089 0.14 l 0.13 
October . ____ .. _ ..•. 425 223 267 16,417 0.13 i 0.11 
November .. ___ . _. _ . 416 288 355 21, 124 0.17 . 0.15 
December ... __ . ____ 426 313 347 21,3361 0.171 0.15 

I· ---· --- I 
The year.---- 3,611 223 854 619,630 4.95 0.36 

------ ---
1897. 

January ... __ .... __ 832 305 373 22,935 0.18 0.16 

February--------·- 2,306 516 809 44,930 0.36 0.35 
March . __ ...... _ . _ . 2,044 688 923 56, 753 0.45 0.39 
April . __ .... _ .... _. 4,410 1!094 2, 914 173,395 1. 38 1. 24 

May----·---------- 5,342 4,054 4,580 281,613 2.25 1. 95 

June .... ----------- 4,352 1, 289 I 2,309 137,395 1. 09 0.98 
July _ ....... _ .... --I 1, 536 644 1,006 61,857 o.49 I 0.43 
August . - . - _ .... __ . : 671 . 338 469 28,838 0. 23: 0.20 
September ___ .... _ .

1 

363 260 295 17,554 0.14 i 0.13 
October- ..... _. _ ... 441 i 278 340 20,906 0. 17 i 0. 15 
November .......... 477 289 355 21,124. 0. 17 0.15 

December .......... 
1 

1,023 ~~~ 25, 9J8 , 0. 21 I 

~ The year .. __ . i 5, 342 260 j 1, 234 893, 2481: 7. 12 ' 3 
I I 

POWER PLANTS ON KERN RIVER. 

One of the interesting features of the development of water power in 
the southwest is the number of times the same water is used. As an 
example, Kern River, rising from the crest of the Sierras at Mount 
Whitney, is to be made to serve a double purpose. The Kern River 
and Los Angeles Electric Power Company, of Los Angeles, proposes to 
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harness the North Fork of this river near its mouth and to convey the 
power thus generated a distance of 108 miles to the city of Los Angeles. 
Similar plans are prepared for the South Fork of this ·river. Below the 
junction of these two branches the main river passes through a.narrow 
canyon on its journey to San Joaquin Valley, falling 2,000 feet in a 
distance of 40 miles. Near the mouth of this canyon the Kern Valley 
Power Development Company, as noted in the Eighteenth Annual 
Report, Part IV, p. 396, diverts a~portion of this water into a flume 
having a capacity of 170 second-feet, and obtains a head of 193 feet, 
which, with the present installment, is used in generating about 1,500 
horsepower. The water is then all diverted into San Joaquin Valley 
for irrigation near Bakersfield, a portion being lost by surface evapora
tion in the fields, but the remaining portion percolating into the ground. 
In the lower elevations this has caused the water plane to rise uncom
fortably near the surface. Pumping plants are now being put in, to be 
operated by electric power, to raise this water and again distribute it 
for irrigation purposes as desired. 

The midsummer flow of Kern River seldom falls below 200 second-feet 
at the mouth of the canyon, so that this company is assured of a per
manent supply of water sufficient to fill its flume of 170 second-feet 
capacity. The diversion is without a weir, directly from the bed of the 
river, the flume projecting into the bed of the canyon and anchored 
there. It appears that this vital point is· subject to attack from the 
stream when in flood, especially when bowlders are being rolled down its 
bed. The diversion conduit is all flume and is 8,500 feet in length. 
The flume is 5 feet 10~ inches by 8 fe.et in the clear, and laid on a 1 per 
cent grade. It is intended to carry water to a depth of 5 feet. It is 
remarkable for the small amount of lumber used in its construction. 
(See Pl. LII, A.) The cost per -linear foot exclusive of excavation_ 
was about $3.50. From the illustration (Pl. LII, B) it will be seen 
that the c~nstruction was on a very rough hillside. The bench on 
which the flume rests is from 5 to 8 feet in width. Material for con
struction was lifted by cable to the bench at the lower end of the line 
near the power house and from there the structm:e was built progress
ively. At first the material was drawn ou cars through the bottom of 
the flume. This tramway was abandoned in favor of a track on a deck 
of 2-inch plank, placed on the top of the flume. A curve of 25 feet 
radius is the only one used on the flume. Tlie sides and bottom are 
constructed of l-inch redwood boards lined with asphalt-coated build
ing paper, the ends of which are lapped and set with liquid asphalt. 
This is again lined with ~-inch boards. The floor, which was cut by 
templets at the mill to fit the curves of -the line, was first placed on 
the sills. The lower side boards were next nailed to the sides of the 
floor boards. The posts were erected by _spiking them to the sides 
of the 4 by 6 inch sills. The asphalt paper is folded to fit the corners. 
The inner board of the post covers all vertical joints of the sides. The 
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side boards are all sprung to curve, thus making the flume free from 
angles. 

In order to avoid excavation on the steep hillsides, the bench being 
narrow, side braces were not put on the posts, but one-half inch iron 
rods were substituted. They pass directly through the flume 16 inches 
above the floor. 

'.rhe flume is impervious except where these rods pass through. The 
flowing water sets them in vibration and starts leaks where they pass 
through the sides. Debris of all sorts collects on the rods and inter
feres with the ~low. The character of the sides of the canyon is shown 
in Pl. LII, A. Rains cause the rocks on the side hill to roll or slide down 
upon the flume, causing serious wrecks. The flume has been cnt a 
number of times in this way, though the 2-inch plank platform top is suf
ficient to break the force of many of the smaller stones. The interruption 
of a power plant is most undesirable, and probably it will be found 
necessary to tunnel through the points of the hills to escape these 
slides. 

The pressure pipe is shown on Pl. LII, B. It is of the double-riveted 
type generally used in the Southwest. It is 66 inches in diameter and 
ranges in thickness from 0.203 to 0.375 inch. It provides a head of 
193 feet. The pipe is banked upon the sides with a dry rock wall 
and is anchored with c::tbles to bed rock to stop the daily travel of the 
pipe from side to side, toward the passing sun. It was found that the 
water falling into the penstock produced a vibration in the pipe, and 
this was obviated by covering the first 50 feet with masonry. 

Girard water wheels were installed at first. Two wheels were placed 
on one shaft, and the water entering between them is divided and 
delivered by impulse against cups set on the inside of the circumference 
of the wheel. The stream, there.fore, near the nozzle is not only split 
but made to turn two 90-degree angles before its delivery. Eighty-five 
per cent efficiency of the wheels was guaranteed a"!ld about ?O per cent 
obtained .. One of the Girard wheels was taken out and a Tuttle put 

· in, which is also said to have proved unsatisfactory. An S. N. Knight 
wheel was then tried and gave an efficiency of from 75 to 80 per cent. 
The other Girard wheels will be replaced with Knight wheels. 

General Electric 450-kilowatt three-phase generators are attached to 
the wheel shaft. The current is developed at 500 volts and stepped up 
to 10,000 volts and so conveyed to the town of Bakersfield, where it is 
stepped down and distributed for power and light. The line is 12 miles 
long, and 7.5 per cent is lost in transmission. 

LITTLE ROCK CREEK. 

The drainage basin of this stream lies north of that of the San 
Gabriel and on the opposite side of the range, the waters discharging 
northerly into :Mohave Desert, east of the Southern Pacific 31nd 
about 35 miles west of Mohave River. The point of measurement 
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is described in the Eighteenth ·Annual Report, Part IV, p. 402. The 
fol1owing rating table has been applied to the record of daily height 
given in Water-Supply and Irrigation Paper No. 16, p. 193. Fi·om 
these data the monthly discharges have been estimated. 

Rating table for Little Rock Creek at Palmdale, California, for 1897. 

I h~i~'j,~ I Di.oha•ge. 
Gage 

height. Discharge. Ga~e 
heig t. Discharge. Galhe 

heig t. _:'"bar••·/ 
Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. 

0.0 0 0.8 19 1.6 54 2.4 96 
0.1 0.5 0.9 23 1.7 59 2.5 102 
0.2 2 1.0 27 1.8 64 2.6 108 
0.3 4 1.1 31 1.9 70 2.7 114 
0.4 6 1.2 35 2.0 75 2.8 120 
0.5 9 1.3 39 2.1 80 2.9 126 

I 

0.6 12 1.4 44 2.2 86 3.0 132 

I 0.7 15 1.5 49 2.3 91 
I 

Estimated monthly discha1·ge of Little Rock Creek at Palmdale, California. 

[Drainage area, 78 square miles.] 

I Discharge in second-feet. Rnn-~ 
Month. Total in acre· Second· 

Maxi- Mini- feet. Depth in feet per 
mum. mum. Mean. inches. square 

mile. 

------
1897. 

January ........... 144.0 4.0 14.0 879.0 0.211 0.183 
February .......... 308.0 15.0 52.0 2, 894.0 0.696 0.668 
March ............. 120.0 41.0 68.0 4, 187.0 1. 007 0.~73 

April ....... _ ...... 120.0 75.0 106.0 6,284.0 1. 511 1.354 
May ............... 77.0 8.0 36.0 2,189.0 0.526 0.456 
June ............... 7.0 3.0 6.7 399.0 0.095 0.086 
July ....... ---- .... 1.0 0.2 0.4 22.1 0.005 0.005 
August ............. 0.2 0.2 0.2 12.3 0.003 0.003 

.September--------- 0.2 0.2 0.2 11. :J 0.003 0.003 
October ........... -I 7.0 0.2 5.5 338.0 0.082 0.071 
November .......... 8.0 6.0 6.9 411.0 0.098 0.088 

I 

December .......... 6.0 5.0 5.7 350.0 o. 084 ,_ o. 073 I ------
The year ..... 308.0 0.2 25.0 17,977.0 4. 311 0. 322 
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Sec.-ft. 

nn. 

... vv 

-

.. a ... ~_ ....... """""-'...L.-L-...J......l.....I..-1.--L-L-L...J.....I........,..._.~_._. 
FIG. 189.-Discharge of Little Rock Ureek at Palmdale, California, 1897. 

SAN GABRIEL RIVER. 

The drainage basin of this stream lies on the south side of the Sierra 
Madre Range, northwest of San Bernardino and northeast of Los 
Angeles, but slightly nearer the latter city. The tributary streams 
converge to a central point within the mountains and the stream flow
ing southwe~terly escapes through a narrow canyon to the low valley, 
in which is situated a. number of important towns, each depending 
largely upon the supply of water derived from the river. The locality 
at which measurements have been made is described fully in the Eight
eenth Annual Report, Part IV, on pages 405 to 411, and later details are 
given in Water-Supply and Irrigation Paper No. 16, on page 194. The 
results of computations· for 1897 are given in the following tables: 1 

Rating table for San Gabriel River at Azusa, California, for 1897. 

Gage Discharge., Ga~ Discharge. Gage Discharge./ Gage :i••h~g·-1 height. heig t. height. height. 

Feet. s~ond-f•"·l Feet. Second.jeet. Feet. Second-feet. Feet. Second .feet. 

0.6 0.0 1.6 16.0 2.6 155 4.2 890 
0.7 0. 1 I 1.7 21.2 2.7 185 

I 4.4 1,040 
0.8 0.3 1.8 27.5 2.8 214 4.6 1, 210 
0.9 0.6 1.9 36 2.9 243 4.8 1,395 
1.0 1.3 2.0 46 3.0 275 5.0 1, 600 
1.1 2.3 2.1 59 3.2 345 5.2 1,820 
1.2 4.0 2.2 73 3.4 420 5.4 2,080 
1.3 6.0 2.3 90 3.6 520 5.6 2,340 
1.4 8.8 2.4 108 3.8 625 

I 
1.5 12.0 

I 
2.5. 130 4.0 750 

lA flood occurred on the night of October 14, 1897, which rapidly subsided. The water marks and 
drift indicate that the water stood at a height of 5 feet, corresponding to a discharge of 1,600 second· 
feet. 
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Estimated 'monthly discharge of San Gab1·iel River at Azusa, California. 

[Drainage area, 222 square miles.) 

I 
Discharge in second-feet. Run-off. 

I Month. 

1897. 
January ........... 

February .......... 

March ..•.......... 

ApriL .............. 

May .......... · ..... 
Juno ....•.. ---- ____ 

1 

July ............ " .. 
i\.ugust ....•........ 

September ......... 

October ............ 

November .......... I Ilecenlbe•--------·· 

Tb.e year ..•.. 

Sec.-ft 
1,200 

1,100 

1,01!0 

900 

800 

700 

600 

500 

400 

300 

200 

100 

0 

.~';;~· 

1-+-.. 

~E 0 IH )R.~" 

~ ~ ~ 
... ~ ~ 

J 

Total in acre-
feet. Maxi· Mini- Mean. Depth in 

mum. mum. inches. 

---

130 5 40 2,484 0.201 
1,710 -16 332 18,420 1. 555 
1,765 275 448 27,572 2.329 

345 141 259 15,417 1.301 
141 28 82 5,042 0.420 

28 0.2 5 274 0.02-1 
0 0 0 0 0.000 
0 0 0 0 0.000 
0 0 0 0 0.000 

1,600. 0 72 4,458 0.372 
15 0.4 8 475 0.040 
5 3.0 4 221 0.018 

------
1, 765 0 104 74,302 6.260 

~~~'J" .~~ 0 .. ~~ I~ I g~~ ~u-~ -~~~0- ~~0 

II.. lt .. 
FIG. 190.-Discharge of San Gabriel River at Azusa, California, 1897. 

19 GEOL, PT 4--34 

Second· 
feet per 
square 
mile. 

0.181 
1. 494 
2.020 
1.166 
0.369 
0.021 
0.000 
0.000 
0.000 
0.322 
0.036 

I~ 0.016 -~ 
0.469 

~0~0 .~~4~ 
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Rating table for San Gabriel canals at division box. 

h'!;~'f,t 1 .f~~~ 1 h<;',~'l:',. .f~~·l h':,~'f,",_l .~~. 
-.--~----,--

Feet. i Sec.-ft. Feet. Sec.-ft. I l!'eet. I Sec.jt. 
I I I 2. 00 I 14. 8 2. 45 37. 4 2. 90 I 62. 4 

2.05 117.21 2.50 40.1 2.95 65.2 

2. 10 II 19. 6 I 2. 55 42. 8 3. 00 68. 0 
2. 15 22. 0 2. 60 45. 6 3. 05 70. 8 

2. 20 I 24.. 4 2. 65 48. 4 3. 10 73. 6 
2. 25 26. 8 2. 70 51. 2 3. 15 76. 4 

2. 30 29. 3 2. 75 54. 0 3. 20 79. 2 

I :-~~ 32.0 2.80 56.8 _j 
~--3-4_._7~~2_._8_5----59_._6~~-----

Rating table for Azusa canal at Slaughter Ho1t.se tunnel. 

Ga~e Dis- Ga!he Dis- Gaue Dis-
heig t. charge. heig t. charge. height. charge. 

----- ------ ----- ----- --- ---· 
Feet. Sec.-ft. Feet. Sec.-ft. Feet. Sec.-ft. 

.0 0.0 1.1 10.5 2.2 32.6 

.1 0.6 1.2 12.0 2.3 35.3 

.2 1.3 1.3 13.6 2.4 38.2 

.3 2.0 1.4 15.2 2.5 41.3 

.4 2.8 1.5 17.0 2.6 44.4 

.5 

I 
3.7 1.6 19.0 2.7 47.6 

.6 4.6 1.7 21.0 2.8 51.0 

.7 I 5.5 
I 

1.8 23.0 2.9 54.'5 

I .8 6.5 

I 
1.9 25.2 3.0 58.0 

I 

.9 7.7 2.0 27.5 I 
1.0 9.0 I 2.1 30.0 l_j ---
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Estimated monthly discha1·ge of San Gabriel. canals at Azusa, California. 

I 
Run~g 

):fonth. Maximum. Minimum. Mean. Total for 
month. 

De th Per s9uare 
P • mile. 

1897. Sec.-feet. Sec.·feet. ~ Sec.-feet. .Acre-feet. Inches . . Sec.-feet. 

Jan nary __ ... __ . 22 13 17.56 1, 072 .091 . 079 
February_- .... _ 20 3 13.10 726 .061 . 059 
March _____ • ____ 21 0 17.14 1, 051 . 089 .077 

i Apr.il .... _ ------ 60 15 35.30 2,102 .177 .159 
I 

May·----------- 68 55 62.97 3, 810 . 328 .284 

June_- ... - - ---- 71 54 63.20 3,759 . 317 .285 
J nly ......... _ . 52 27 38.13 2,343 .197 .171 

August .... _---- 34 22 26.45 1,613 . 136 .118 
September . ____ 23 18 20.66 1, 226 . 098 . 088 

October-------- 26 10 18.03 1,106 . 093 .081 

November·----- 29 16 23.30 1,385 .1091 .105 

I December .. ___ . 29 25 26.84 1,648 .139 

ij The year. 7l 0 30.20 21,831 1. 8351 6 

--
I 

Estimated monthly (lischarge of San Gab1·iel Rivm· and canals at .Azusa, Californ-ia .. 

[Drainage area, 222 square miles.] 

l.onth. • Total for 
Run-g 

Maximum. Minimum. Mean. month. 

I 
Depth. Pe~sif~~are 

1897. Sec .. feet. Sec.-feet. Sec.-feet. .Acre-feet. Inche6. Sec.-feet. 

January--. - - -- . 147 25 57.9 3, 617 .292 . 260 

February ------ 1,713 64 344.8 19,146 1. 579 1. 553 

March _ ---- ---· 1, 765 294 465.6 28,623 2.418 2.097 
ApriL ..... - ... , 370 201 294.4 17,519 '1. 478 1.'325 

May ----------- 196 94 145.0 8,851 .748 . 653 

June.-----·---- 91 54 67.8 4,033 . 341 . 306 

July.--·------· 52 27 38.1 2,343 .197 .171 
August.-------- 34 22 26.4 1,613 .136 .118 
September ..... 23 18 20.7 1, 226 .098 . 088 
October ... - . - .. 1,640 22 90.5 5,564 .465 . 403 
November .. ---. 34 31 33.3 1,860 .149 .141 

I 
December _ ..... 34 28 30.5 1,875 .158 .137 

The year. 1, 765 18 134.6 96,270 8.059 . 604 
I 
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SAN LUIS REY RIVER. 

The drainage basin of this stream is in the northern part of San 
Diego County, California, on the west side of the Coast Range. The 
main stream flows west, descends rapidly, and passes out through a 
gap in the main range, at which point the greater part of the stream 
is diverted for purposes of irrigation. Measurements have been made at 
thispointbyMr. E. F. Tabor, of Escondido, California, estimatesfor1894 
and 1895 having been published in Bulletin of the United States Geo
logical Survey, No.140, on page 321. This point of measurement is in 
sec. 23, T. 10 S., R. 1 E. From this point the river contiuues westerly 
and empties into the Pacific Ocean at a point about 35 miles north of 
the city of San Diego. 

The area of the basin above the point of diversion_, as measured on 
the county map, is 229 square miles. The total area of the watershed 
is 566 square miles. Of this, 250 square miles is at an elevation of 
3,000 feet and over; 200 square miles, at from 1,000 to 3,000 feet; and 
the remainder is below the altitude of 1,000 feet. 1 

Water is diverted from the river through the flume of the Escondido 
irrigation district to a reservoir which is used to store and regulate 
the flow of the water. The capacity of this conduit is 28 second-feet. 
The water is ultimately used on the lands of the district. .A.n excellent 
reservoir site is situated ~m the stream a few miles above the point of 
diversion, but its use has been prevented by difficulties as to land 
title. 

The results given in the following table are based on weir readings, 
supplemented by a few measurements made at various times. The 
gaps in the record impair its value somewhat, but the figures indicate 
in a general way the character of the stream. The relatively low run
off is due largely to the fact that a considerable portion of the basin 
lies behind the main portion of the mountain range. 

Estimates of discharge of San Lttis Rey River, and depth of rainfall. 

[Measurements made on weir in flume, except as noted.] 

Rainfall. I I ~~Dat•. Flow. Date. I Flow. 

I 
I 
i 

1896. Second-feet. . Inches. 1896. i Second :feet. 

October 1 to 26 ... 0. 5 to 2 --;~ ~~- ·1r 
November 6 to 9 --~ 3 

October 27.------ 7 November 10.---- 4 
I 

October 28------- 10 ..................... N"ovember 11 to 12. 5 
I 

November 13 ... _ -\ October 29 .. - .... 8 -------- i 4 

October 30 .. ____ . 4 I November 14 ..... 1 3 .. ---- '':1 
November 15. ____ I November 1 to 2 .. 3 ---- ----~~ 2 

November 3 to 5 --I 2 .................. November 16 ..... 1 3 
i I 

I Irrigation in Southern California, by Wm. Ham. Hall, Sacramento, 1888, p. 38. 

I 
I 

I 
I 

I 
I 

I 

i 
! 
I 
I 

I 

i 

RainfalL I 
Inches . 

. 25 

---- ---·1 
~ 
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Estimates of dischm·ge of San Luis Rey River, and depth of rainfall-Continued. 

., Date. r Flow. Rainfall. Date. Flow. Rainfall., 

1896. Second-feet. Inches. 1897. Second-feet. Inches. 

November 17to 19. 2 Janu_ary 27 ....... 21 

November20to23. 3 January 28 ....... 19 

November 24 ..... 7 . 92 January 29 ....... 24 . ~5. 
November 25 ..... 17 Jan"!}ary 30 .. _. __ . 30 

November 27- to 29. 7 .:J" anu_ary 31. ..•••. 33 

Nov_emuer 30 ..... 5 February 1. ... _ •. e28 .85 

December 1 to 8 .. 5 February 2 to 9 ... e 33 to 35 

De~em ber 9 to 10. 4 February 10 .... _. j24 

Decemberll,to 14. 5 ,February 11 to 14. 21 

December 15 ..... a4-0 1. 30 February 15 to 16. 19 

December 16 ..... 13 February 17 ...... 21o .90 

December 17 ..... 9 February 18 ....•. 29 1. 30 

:Qecem ber 18 ..... 8 February 19 ....•. (d) . 90 

December 19 ..... 7 February 20 .... _. (d) 2.00 

December 20 ..... 6 February 21 ...... (d) . 45 

December 21 to ~4. 5 February 24 ... -~. g300 

December 25 to 27. 4 Feb. 24 to Mar. 30. 20 to 40 

December 28 _ .... 13 .80 March 1. ......... .. --- .... ----. .85 

December 29 ..... b 19 March 3 .......... . -- .. -.. --- .. -- .55 
" December 30 ..... 10 March 6 .• _ •...... . ---- ........ -- .. 1. 30 

December 31 ..... 7 ~arch 7 ...••..... . ----- ... ---- . 70 

1897. March 17 ......... . -.. -- .. -.. --- .50 

.January 1 to 2 .... 7 March 19. ·-.·· .... . --- ........ -.-- .35 

January 3 to 6 .... 6 March 28 ......... . ---- .. · .. ----- .30 

January 7 to 9 .... 5 ... ~~~--1 1\.prq l to 10 ..•... (h) 

January 10. ·----· _10 April3 ........... i 79 

January 11 ....... 18 . 30 

I 
April 10 .......... 31 

January 12 .... _ .. c18 .35 April 11 ...... ___ . 26 

January 13 ... ___ . 21 1. 20 April12 .......... 31 

January 14 to 18 .. (d) 1. 55 1\.pril_ 13 ... : .. ___ . 35 

January 19 to 20 .. e22 Ap!"H 14 .... ··---· 33 

January 21. ·----· f24 April 15 .......... 28 

January 22 ....... 21 April 16 .. _ ....... 27 

January 23 to 26 .. 19 April 17 .......... 24 

aE!:!timate in river. 
bPlue 19 second-feet in river; Total, 38 second-feet. 
c Plus 19 second-feet in river. l'Qtal, 37 second-feet. 
dNo record on account of high water. 
ePart only of river. 
j .All of river. 
g Estimated discharge at a point some miles below. Ditch takes only a portion of flow from Feb-

ruary 18 to April10. 
h There was no record of full flow at section 33. 
iMeasured discharge at a pomt several miles below. 
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EBtirnateB of discharge of San LuiB ]ley River, and depth of minfall-Continned. 

Rainfall. 

Inches. r=D--at_e_·------I---F-lo_w __ .·_ 

1897. Second-feet. 

April 18. . . . . . . . . . 24 

April19 to 20.---- 22 

April 21..--~- .... a21 

May 17 .. __ ... . . . . b 11 

December 2 to 5 . . 4 

December 6 to 8 .. 3 

December 9 to 15 . 2t . 20 

7 

6 

December 16.---

December 17.---

December 18.---

December 20 to 21 

December 25 to 27 

December 28 to 30 

December 31·. ----

10 1. 05 

1898. 

January 1 to 2 ... 

January 3 .... ---· 

10 

9 

8 
6 

5 

9 

January 4 .........••......•.. 

January 5 .. ·----- 6 
January6to7.... 8 

January 8 --·- ---- 50 
.January 8 to 13... (c) 

January 14 ··-----~ 
January 15 ...... . 
January 16 .. __ • _. 

Jan nary 17 ....•.. 

January 18 .... ---
January 19 .. ___ .. 

Jan nary 20- -----
January 21 .. __ ... 

Jan nary 22 .....•. 

January 23 ...•••• 

Jan nary 24 ..•.••. 
January 25 .. ____ . 

January 26 ...•••. 
Jan nary 27 ...... . 

.1 an nary 28 ... _ . _. 

. d19 

19 

21 

26 

e38 

19 

18 

14 

13 

40 

35 

26 

20 

14 

19 

. 25 

. 20 

.15 

20.00 

10.00 

.05 

.25 

.15 

Date. 

1898. 

Jan nary 29 ..... _ . 

Jan nary 30 ... _. _. 

January 31. ·----· 
February 1 to 3 .. 

February 4 to 5 .. 

February 6 ...... . 

February 7-------
February 8 ...... . 

February 9 ...•••. 

February 10 ..... . 

February 11 ...••. 

February 12 ·----· 
February 13 ..... . 

February 14 to 16. 

February 17 ..... . 

February 18 ...•.. 

February 19 ....•. 

February 20 ...••. 

February 21 ...... _ 

February 22 to 23. 

February 24 to 28. 

March 1 to 9 .••••. 

March 10 ........ . 

March 11. ....... . 

March 12 ..•.. ---· 
March 13 ........ . 

March 14. --·- ... . 

March 15 ..••..... 

March 16.-------
March 17 ..... _ ... 

March 18 .....•... 

March 19 ........ . 

March 20. --------
March 21. ....... . 

March 22 ..... _ . _ .. 

March 23.-------

March 24. --·- ----

a From this date to May 21 no full record of flow 
b Measured 8 miles lower on stream. 
c No record on account of high water. 
d All of river. 
e Rise probably caused by melting snow. 
f Part only of river. 

Flow. 

Secondjeet. 

22 

19 

16 

16 

15 

~3 

15 

f40 

d22 

.. 35 

1 .. -~~~--
19 1·- -- ---· 
17 

15 

12 

10 

13 

22 

17 

13 

12 

10 

9 

8 
27 

33 
21 

17 

18 

24 

17 

22 

21 

26 

28 

20 

17 

18 
15 

.10 

. 05 

. 30 

.10 

.25 

-- -~~~--i 
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Estimates of discharge of San L1l'is Rey River, and depth of rainfall-Continued. 

Date. 

1898. 

March 25. --·· ----
March 26 ....... .. 

~farch 27 ..•••.... 

March 28 ........ . 

March 29 ........ . 

March '30 ........ . 

~farch 31 .••••.... L pril 1 to 2 ... _ .. 

Flow. Rainfall. 

Second-feet. Inches. 

13 

28 

24 

21 

18 

15 

13 

11 

. 35 

a No daily record since this date. 

Date. 

1898. 

April 3 to 4 

April 5 to 12 .... . 

April 13 to 14 ... . 

April15 to 16 ...• 

April 17 ........ .. 

May 2 to 8 ..... .. 

May 16 to 23 ... .. 

Flow. Rainf~ 

Second-feet. I?iches. 

10 

9 

7 

6 

a9 
b12 

b 14 

.10 

_j 
b Approxmate. 

List of miscellaneous discharge measurements, State of Califo1·1iia. 

1 
Meter Gage ·Area of Mean Dis-Date. Stream. Locality. num-
ber. height. section. velocity. charge. 

I -- ------ ------

1897. 
Feet per 

Feet. Sq.feet. second. Sec.-feet. 

Jan. 4 Pallett Creek, Measured be- . .... . -- .. ---- 0.52 1. 50 0.78 

tributary of low Cienega. 

Big Rock 

Creek. 

Do .. Big Rock Above devel- . .... ........... 6.6 0.92 5.3 

Creek. opmen t at 

Alber ger's 

dam. 

Do .. Development Tunnel ap- ......... ........ 1.09 1. 22 1. 33 

tunnel. proach 5,000 

feet long in 

gravel of Big 

Rock Creek 

bed. 

Do .. Diversion into ·············--· ··-·· -------- 1. 56 0.82 1. 27 

above tunnel. 

Do .. Little Rock In South Ante- ----- 0.35 2 1. 21 3 

above tunnel. lope Valley 

Irrigation 

Company 

flume. 

Jan. 8 Santa Ana At Warm- 67 1.00 14.2 1. 80 26 
River. springs. 

Do .• Santa Ana ca- Not included in Weir -------- ---- .... -. ............. 8.72 

nal. river meas-

I 
nrements at _j head works. 
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List of 'miscellaneous discharge measu1·ements, State of California-Continued. 

r= Meter 
Ga~ Area of Mean Dis· Stream. Locality. num- heig t. section. velocity charge. ber. 

------------

1897. 
Feet per 

Feet. Sq.jeet. second. Sec.-feet. 

Jan. 8 Green Spot At head works. Weir 0.30 ..... --- ............ 0.38 
pipe. 

Do .. Redlands ca- In flume at in- -67 .... -- -..... 3.97 5.37 21.32 
nal. take to wood-

en pipe. 

Do .. Highlands ca~ At intake ..... Weir 0.500 .. ---- ..... . .. --- ..... 11.9 
nal. 

Do .. Waste from Returned toriv- --- ... ................ ·------- ............... 2.86 

Santa Ana er below gage 
canal. at \Varm 

Springs weir. 

Feb. 10 Caloway canal. Second point 67 2.81 185 1. 70 314 

of measure- ' 

ment . 

Do .. ..... do ........ First point 67 2.54 ................ -------- 322 

of measure-

ment. 

May 29 Mining Com- Lagrange Dam. 67 1. 70 10 2.18 22 

pany ditch. 

_May 30 Stanislaus and Knights Ferry, 67 5.40 35 1. 53 54 

San Joaquin California. 

Valley fl. ume. 

Do .. Little John ..... do ••...... 67 ................. 10 1. 18 12 

canal. 

July 13 ...... do ....••. ..... do ........ 67 ................... 14 1. 08 15 

Do .. Stanislaus and ..... do ....•... 67 -------- 54 0.67 36 

San Joaquin 

canal. 

Sept. 6 . .... do ........ ..... do ... --- -- ... 67 . ........... 25 2.05 52 

Do .. Little John . .... do ........ 67 .. --- - ......... 3 0.43 1 

canal. 

Oct. 29 Stanislaus and ..... do ........ 67 -------- 29 1.19 34 

San Joaquin 

canal. 

Do .. Little John ..... do ........ 671 ____ ---- 3 0.26 

~ canal. 
: I 
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RAINFALL DATA. 

In order to obtain precipitation data bearing upon river discharge, 
a number of rain gages have been placed by Mr. J. B. Lippincott at 
various important points. The following tables give the location of 
these and the results of the observations made together with data 
obtained from persons who have made similar observations with especial 
reference to problems of water storage or control: 



Location of 1'ainfall stations. 

Station. Observer. Post-office. County. Latitude.! Longitude. I Elevation. 

------- 1---1--------

Feet. I 
S'ieson ............ . Southern Pacific Co .................. . Siskiyou .. 41 27 122 25. 3, 555 
Red Bluff ................. . U.S. Weather Bureau .. . Tehama ............. . 40 12 122 20 324 
Sonora .......... . John Shaw .............. .. 38 00 120 16 1, 824 
Second Garotte .... : ....... .. J.P. Chamberlain .... . 37 49 120 12 2, 900 
Crockcre ...................................... . 37 .!8 119 53 4, 453 
Yosemite ............... . Yosemite ............. Mariposa ............ . 37 45 119 35 4, 063 
Mount Home mill ...... . Daunt ........... : .... Tulare ............... . 36 10 118 48 6, 680 
Kernville ........ . Stephen Barton ........................ Isabella .............. Kern ................ . 35 45 118 25 2, 600 

G.Otterman ........................... J{akersfield ................ do ............... . 35 25 118 35 6, 750 
Tejon ranch ............. . R. M. Pogson ............................... do ..................... do ... .. 35 01 118 45 1, 450 
Jfort Tejon ........................ . J.G.Stitt .............................. Lebec ................. ~.~ ... do. 34 53 118 53 3, 245 
Frazier mine ... . H. Porter 34 49 118 58 8, 000 
Manzana. ......................... . 

~:::~:~<t.::::: ·.:::::~:I. ~-~~~D-~~~~~ :::::::::: 3~ 47 118 32 

34 46 118 40 
2,850 

3,170 

Burt Snedden ............. . Ventura ............. . 34 41 119 03 4, 900 

::~~i~:1e~~;::'~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~: : : : : ~ : : : ~ : ~ : ~I : : : : : :: : : : : : : : : : : : : : : : :I: : : : ::: ... _ .. ____ ..... . Smith's ranch ..................... .. 
Mutah Flat ...................... . 

34 40 118 55 
34" 38 119 03 

3, 900 
4,850 

Palmdale ..................................... , .Burt Cole ....... . Los Angeles ......... . 34 25 118. 03 3, 299 
Upper Holcomb .............................. .. San Bemardino.... . . . San Bernardino ...... . 34 18 ]16 50 7,200 
Mount Lowe .................................. . Echo Mountain ....... Los Angeles ........ .. 34 15 118 07 3, 200 
Follows Camp ................................ . Azusa ..................... do .............. .. 34. 14 117 49 1, 800 
Mount Home View .. 
Sweetwater dam ................. .. 
Cuyamaca ................. ·~·· ... . 

Descanso . .. .. .. .. . . . . San Diego ........... . 
National City .............. do .............. .. 

E. W.Hurlburtl. .•........ 
G. N. Savage·. 
San Diego Flume ...................... J San Diego ............ l ..... do 

32 50 1 t6 40 

32 43 117 00 
•. , .. I 

250 

4,800 

0"1 
c.>:> 
00 

'"0 
~ 
0 
0 
l;d 
t;j 
m 
m 

0 
~ 

m 
~ 
~ 
t;j 
> 
~ ..... 

~ 
t?::l 
> m 
d 
~ 
t;j 
is: 
t;j 
2l 
~ 
m 

~ 
0 
l;d 

...... 
00 
c.o 
;--:r 



Res1tlts of observation of minfall fo1' 1897. 

Jan. I Fob. Ma<. Ap<. May. Juno. July. Aug. Sopt. Oct. Nov. Doe. Total. Moan. I Station. I 
-----------------------------------------

Sisson .•.............•.......................... 2.59 4.80 20.43 .83 .00 .15 .00 .00 .00 2.31 2.62 3.72 37.51 .......... 

RedBluff ....................................... 3. 22. 6.26 1. 99 1. 22 .06 1. 25 .00 . 00 . 03 2. 70 1. 49 1. 86 20.08 23.79 

Sonora ................................... : .. .... 3. 31 11.89 8.37 . 29 . 25 . 31 .00 . 00 . 10 3. 35 2. i5 2.53 32.55 37.13 

Second Garotte •••••............................ 4.00 10.75 9.01 .53 ~r T .00 .00 T 2. 75 1. 00 2. 50 30.54 38.98 

Crockors ........•.............................. 6.09 3. 80 59.45 .......... , 6. 56 15.97 21.80 1. 33 .00 . 75 .00 .00 . 45 2. 70 

Yosemite ....................................... 6.62 11.53 16.32 .40 . 62 .16 ............ ............. ............ .............. .. ........... ............... .................. . .............. 
Mount Home mill ............................... 5. 70 7.45 6.07 . 40 1. 85 .20 . 35 .00 .10 2.45 . 75. 3. 37 28.69 ................ 
Kernville .••.................•.................. 3.40 3.60 2. 57 .10" .00 . 00 . 00 . 00 .15 .38 . 00 1. 28 11.48 ................ .. 

Mount Breckenridge ........................... 2.00 4.67 7. 72 .00 .40 .10 .00 .00 .00 .00 ........... ......... ................. .............. 
Tejon ranch .................................... 2. 90 4.88 3. 34 . 26 . 00 .17 . 00 . 00 . 36 1. 33 . 29 1. 25 14.78 11.62 

Fort Tejon ...................................... 3.52 5.14 3. 63 . 95 . 00 .09 .00 . 00 . 00 1. 39 . 00 1. 72 16.35 17.99 

Frazier Mine .....••............................ 7. 37 6.43 4. 05 .15 . 28 . 00 .02 .48 . 33 1. 00 T 1. 33 21.44 ........... 

r=~~:::::::·::·:: ::·: :·:::::: • •:::: ·:::: · •: •:::::: :1 : :: 

3. 04 1.71 .04 . 01 T T . 28 .00 . 21 . 00 .10 8.09 ................. 
4.01 2.30 .10 .00 .00 .00 .00 .00 .50 .00 .40 10.98 ............... 
2. 92 2. 71 .02 .53 . 00 . 25 . 20 .14 . 70 .00 .04 15.81 20.00 

.!\{utah Flat .••..•.•............................. 9.10 3. 50 3. 59 . 00 . 00 . 00 .30 . 00 .00 1. 75 .00 .15 18.39 20.00 

Palmdale ..•.................................... 3. 78 3. 71 1. 31 . 04 .32, . 00 .03 1. 57 T .86 .00 .14 11.72 ............. 
UJlper Holcomb ..................... · ........ · ... 3.30 3. 70 1. 30 . 00 .20 ............ ........... ............. ............ ···-·"'··· . ........... .......... ........ .~ ... 14.08 

MountLowe .................................... 6.42 7.47 6.67 .19 .87 .10 .15 .00 .00 2. 57 .40 . 22 ' 25.06 26.05 

:Follows Camp .................................. 5.43 10.39 8. 25 .15 . 28 T .00 .07 .45 7. 85 . 20 .36 33.43 ........... 
Sweetwater dam ............................... 3.11 2. 95 2. 05 .00 .02 . 00 .00 . 00 .00 1. •o .06 .45 10.04 12.27 

Cuyamaca ...................................... 6. 32 8.14 8. 56 . 22 .38 .00 .00 . 00 . 36 5. 09 1. 07 2.46 32.60 44.40 

Covina .......................................... 4. 78 7. 28 3. 18 .00 .00 . 00 .00 . 00 . 00 2. 75 .00 . 62 24.01 
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WATER SUPPLY OF SAN BERNARDINO VALLEY. 

By J. B. LIPPINCOTT. 

GENERAL STATEMENT. 

The area discusssed in this report is in southern California, lying for 
the most part easterly from the city of San Bernardino (see fig. 191) 
and consisting of the ·upper or higher part of the valley in which is sit
uated the town of Redlands. It is about 50 miles distant from the ocean 
and has an elevation of from 1,000 to 1,500 feet in the vicinity of San 
Bernardino and Redlands. Northerly and easterly from the valley the 
mountains rise abruptly, reaching altitudes of from 6,000 to 7,000 feet, 
a few of the peaks rising to 10,000 or even 11,000 feet. The abrupt 
slopes by which the valley is bounded aid in producing a rainfall rela
tively heavy for the arid region. The waters, .uniting into streams, 
descend rapidly through narrow gorges, issuing finally upon accumu
lations of bowlders and smaller debris which stretch in fan-shaped 
masses away from the mouth of each canyon. The region, though dry, 
has thus a notable water supply, and the exceptional climate and soil 
have resulted in an extraordinary development of agriculture by irri
gation. Lands and crops have reached high values in San Bernardino 
Valley and expensive irrigation works have been built. A denser 
population is supported than in any other farming region of the West. 
This has been accomplished in spite of the fact that the cost of con
structing works and of reclaiming the lands has been very great. 

The topographic conditions of this locality favor the production of 
high-grade fruits. The ranges of mountains to the north and east shut 
out the cold desert winds, leaving the southwestern exposure tempered 
by breezes from the sea. The distance inland is sufficient to admit of 
the high summer temperatures necessary to the successful ripening of 
citrus fruits. The success of this industry bas rendered it possible to 
secure capital for the construction of the works for water storage and 
distribution, and has resulted in a correspondingly great economy in 
the quantity of water employed. In this valley water is made to do 
more work and earn greater returns, probably, than in any other por
tion of the arid region of the United States. 

The discussion of the water resources given in the following pages 
relates particularly to the systems taking water from Santa Ana River 
and its tributaries and supplying Crafton, Highlands, Redlands, and 
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Old San Bernardino. There bas also been included a discussion of 
Mohave River, which rises on the northern slopes of the mountains and 
flows northerly into the desert, for it is probable that by means of cer
tain storage works now under construction much of this water will be 
caught and turned southward by diverting lines or tunnels to supply 
portions of San Bernardino Valley. The drainage area of Santa .Ana 
River is shown by the index map, fig. 191, which exhibits the rela
tive position of the principal towns and systems of irrigation. As 
shown by a glance at this map, the Santa Ana, rising in the high 
mountains, flows southeasterly through San Bernardino Valley. Be-

FIG. 191.-Index map of principal irrigation systems. 

yond this it passes through low ranges of hills, and finally escapes 
crossing the coastal plain to the ocean. At present we are concerned 
only with the head waters of this river above San Bernardino. South 
of the main stream, and tributary to it, is Mill Creek, and on the north 
Plunge Creek and City Creek. The view on Pl. LIII shows San Gor
gonio, or Gray back Peak, in the background and a portion of the country 
tributary to Mill Creek. In the following discussion each ·of these will 
be considered independently, for, although topographically they are 
part of the same stream,- their waters for the ~ost part are caught and 
utilized before leaving the mountains, so that for all practical purposes 
they are independent sources of supply. 
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EARLY IRRIGATION HISTORY. 

The first settlement in California was by the Spanish padres of the 
Catholic Church. The task of civi.lizing the Indians was given them by 
the Spanish Government, and in order that they should have power 
to carry out their policy, they received great grants of land upon which 
they were to care for and instruct the natives in the ways of peace. 
The great missions were thus founde'd and developed, the Indians 
becoming practically the slaves of the church. From the principal 
missions as a center the work was extended by establishing smaller 
branches in the interior v~lleys, such, for example, as San Bernardiuo 
Mission, founded in 1820. 

In 1821 San Bernardino Mission built the first ditch constructed in 
this valley, leading from }\{ill_ Creek, above Crafton, to the mission 
church and farm, sometimes called in early days Cottonwood Row, and 
now known as Old San Bernardino. This canal, shown in ·Pl. LIV, 
was built on the natural grade of the valley, which is about 300 feet 
to the mile, was 12 miles long, and supplied water for 536 acres of 
grain and vines. Its capacity, approximately 2,000 miner's inches 
(40 second-feet), commanded the entire summer flow of the creek, and 
it has maintained this right ever since. It was a crude, wasteful ditch 
and always lost a large proportion of its water by overflow, percolation, 
and evaporation. This primitive construction has never been improved, 
and it remains to-day as a record of the.past. The agreement on the 
part of the church to return the lands to the State when the Indians 
became civilized was disregarded until the Mexican Government, in 
1833, secularized all mission lands. 

The Mexican grant of the Rancho San Bernardino to Jose Maris 
Lugo and others was made by Governor Alvarado in 1842, and specif
ically conveyed title to the ditch and the waters of Mill Creek. Sub
sequently contests followed to determine whether the grant of water 
was made to cover all of these lands or only the particular portions 
then irrjgated. The decrees of the court and local cust9ms have held 
that these water rights, as well as others, belong to the actual irrigator, 
who can sell to other parties or transfer them to other canals, as he 
may elect. 

1\formons from Utah entered the valley in 1851. They were chiefly 
~osephite members of the Church of tbe Latter-Day Saints, who did 
not believe in polygamy, and so left Utah. These people purchased 
the San Bernardino grant in 1852. ;By an order of the church many 
of the Mormons returned to their'' Valley of Jordan" in 1857. Later 
settlers around Crafton and outside of the grant claimed the zanja to 
be a natural water course, and used it first for domestic purposes! and 
by a compromise in 1875 were given its entire flow from 3 p. m. to 9 
p. m. each day. During that interval Crafton Settlement, being 8 or 10 
miles above the old Mormon settlement, could take the water which 
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would pass the Mormon settlement unused at night. Out of these 
concessions grew the Crafton system. 

It has been said of California that every township has a distinct 
climate, and to a limited extent this is true. In the lower portions of 
the valley there may be heavy frosts, while a few hundred feet higber 
the lands are practically frostless, thus permitting a more tropical 
variety of fruit to be grown. These "foothill fruits" are also of finer 
flavor than those of the valley. This has led to a singular irrigation 
custom in this district. As the farmers have come to appreciate these 
facts they have seen the desirability of tilling the higher lands and of 
moving their water rights up from the lower valleys. Hence the cus
tom has grown of holding the water right separate from the land, and 
thus permitting its transfer from one canal to another or its sale 
outright. The usual method of operation has been to sell "canal 
shares," which represented at first runs of the entire ditch for so 
many hours per month. Gradually this share bas developed into a 
"certificate," which entitles tile holder to a certain amount of water, 
which he may call for, on· presentation of his certificate, at any point 
on the system and at any rate of flow, provided he does not accumulate 
his water for a period of more than thirty days. For instance, the 
Bear Valley certificate, Class A, calls for one-seventh of a miner's 
inch (0.003 second-foot) continuous flow for each acre. This right the 
company has sold, and the irrigator may either take the one-seventh 
inch continuous flow, or be may call for a month's water in one day, 
which would be a~>Out 4.3 miner's inches (0.09 second-foot) for that time, 
and as he will probably irrigate 10 acres. at a time his "irrigation 
head" in that case would be 43 miner's inches (0.9 second-foot). 

DUTY OF WATER. 

In San Bernardino Valley, as well as in southern California as a 
whole, not only are the irrigation works as a rule well planned and 
expensive, but the water is also used with great care. This is expressed 
by saying that the duty of water is high, or that a large area of ground 
is cultivated by a given quantity of water. The unit of quantity is 
taken to be the cubic foot per second, or second-foot, as often abbre
viated. The miner's inch is the unit popularly employed, this being 
handed down from the time F'hen water in California was considered 
valuable mainly for hydraulic mining~ The miner's inch has been found 
to be an indefinite quantity, varying in different parts of the State, and 
has, after much controversy, been fixed by law to be the fiftieth part 
of a second-foot. The duty of water is, for example, sometimes stated 
to be an inch to 2 acres; or, in other words, a miner's inch flowing con
tinuously through the season will irrigate 2 acres of land; or at this 
rate a cubic foot per second flowing continuously will irrigate 100 acres. 

It is difficult to make a general statement of the duty of water, for 
it is dependent on so many factors. It varies with the temperature, 
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precipitation, and humidity of the locality in question. Sandy soil, if 
the subdrainage is good, requires more water than soils that contain 
much clay or humus. The character of the main canals and of the 
laterals, whether lined or unlined, in light soils, has much influence. 
The skill of the irrigator in the application of the water is also of especial 
importance. It was found during a year of extreme shortage under the 
Sweetwater system, where the usual duty of water is 1 inch to 10 acres, 
that with a smaller supply a crop of more than average value was pro
duced by resorting to repeated cultivation. This system, however, is 
in use on the coast, where the average humidity is about 80 per cent, 
which is much above the average of the arid region. 

In order to convey a broad impression as to the variation in the duty 
of water, the following table is introduced from the Manual of Irriga
tion Engineering, by H. M. Wilson, p. 49: 

Duty of ~vate1·. 

[Based on suppJy entering canal head. J 

Locality. 

------I 
Duty per 

second-foot. 

1 
1 .Acres. 

Northern India .. __________ .. ____ ... ___ .. ____ -~ 60 to 150 

Italy ___ . _ ..... __ .. _ ................. _ .... __ .. 65 to 70 

~~~~~-~~ ~ ~ ~ ~ ~ ~ ~: ~ ~ ~ ~ -_ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~I ~~ :: ~~~ 

i~~:J;:;L::: ~--: __ ::-- ~::-:: _:::: _:;: :: J E ~ 
1

~ 
Southern Arizona _ . __ .. _ ............ _ . _ ..... _ i 100 to 150 

San Joaquin Valley, California .. _ .... -··- _ ... 
1

100 to 150 

Southern California: 

I ~~r~ac~ irr~gation . _ ..... __ ..... _ .... _ ... _ i 150 to 300 
~ubur1gatwn ---- ____ ...... ------ .. __ .... i 300 to500 

As shown by the table, the duty of water in southern California sur
passes the usual practice throughout the arid regwn. As a matter of 
fact, however, it is probable that there is used on the land nearly as 
much water here as elsewhere, except near the coast, where the atmos
phere is humid. The difference is largely accounted for by the superior 
economy in the conveyance of water from its source to the place where 
used. 

Within a mile of the sea, on the sandy bench lands, where moisture 
is derived from fogs, it is not unusual to raise a good crop of corn 
without a drop of water apparently falling on it or artificially supplied. 
But in San Bernardino Valley such conditions are unknown; there 
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irrigation must be continuously practiced. Very little grain is grown 
by irrigation, but fruits are watered regularly throughout the season. 
Deciduous fruit trees require only about one-half the amount used by 
the citrus fruits, as their bearing season is shorter and they are not 
extensively irrigated after the crop is gathered. The citrus fruits are 
irrigated from the time the spring rains cease, usually in April, uutil 
the frost threatens the tender new growth in November. 

In San Bernardino Valley, where a supply for citrus fruits of 1 
miner's inch to 4 acres (1 second-foot. to 200 acres) is used, the irriga
ting season lasts from one hundred and eighty to two hundred days. 
The old water rights at Redlands and Crafton call for this amount of 

o water. At Highlands the duty is greater, being usually 1 inch to 5 
acres. As a rule, the duty of water is being increased by better culti
vation, but at the same time the trees are growing older and more are 
coming into bearing, so that it is not desirable. to diminish the amount 
put on the orchards. 

There is no question that the continued cultivation of the soil, by 
breaking up the small capillary evaporating tubes that form in the 
bard-baked top soils, greatly assists in retaining its moisture. It is not 
desirable to turn the soil over with a plow, nor simply to go through it 
with a weed cutter, but rather to stir the top with a cultivator. This 
practically stops evaporation and permits the soil to retain moisture in 
a way that is remarkable. 

Antelope Valley, in Los Angeles County, has a rainfall during the 
winter mouths of about 10 inches, an evaporation from a water sur
face of 65 inches, and a relative humidity in some large almond orchards 
of 30 per cent or less. The soil is decomposed gl'anite and clay loam, 
which has been cultivated about once a month during the growing sea
son. Under these conditions the almond trees for the last five years 
have .grown slowly but surely, and practically without irrigation. 
There is probably no tree better adapted to this extreme dryness. 
Where the apple and other trees have failed the almond has continued 
to grow. • 

There is no doubt in the minds of experienced irrigators that these 
trees would have grown with much greater rapidity if they had had 
water, and that judicious irrigation would insure and increase the 
crop. Vigorous irrigation in the summer, after the crop bas been 
harvested, assists the tree in its work of preparation for the coming 
year. 

Lemon and orange trees require much water. While continued culti
vation of the soil greatly assists the tree in feeding, and reduces the 
amouut of wate.r required for its supply, yet in rather light soils the 
citrus trees in full bearing, when thus cultivated, do best with a water 
supply of nearly 2 acre-feet, intelligently applied and distributed 
through the growing season of two hundred clays. There is no economy 
in saving a few dollars per acre per annum on water when the crop 

19 GEOL, PT 4--;}5 
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would be increased 50 or 100 per cent by its use. In this locality decid
uous fruits do well on one-third or one-half the amount needed for citrus 
fruits. 

Mr. F. S. Beresford, an eminent Indian engineer, states that each 
cubic foot of water entering a canal at its head 1s distributed in five 
ways: 

(1) In waste by absorption and evaporation passing from the canal 
bead to the distributing head. 

(2) In waste from the same causes between the distributing bead and 
the head of the private channel. 

(3) In wastes in passing from the private channel to the field to be 
watered. · 

( 4) In waste by the cultivator in handling the water, causing loss 
either by e-vaporation or by percolation where an unnecessary amount 
is applied. 

( 5)' In useful irrigation. 
Mr. Beresford, to facilitate the computation of the efficiency of the 

system, puts this loss in the form of an eq nation: 
Let Q be the discharge of the river at the head gate, W the total 

waste from the bead gate to the outlet, L the length of the main canal, 
Lx some function of the length, as g or ~' found by experiment, AP loss 
in volume by absorption and percolation in an average mile, E the effi
cacy of the main canal, Ew the efficacy of the distributing canal, Eo 
the efficacy of the cultivator, Eo the efficacy at the point under consid
eration on the main canal. The small letters apply to the distributing 
canal in the same way as the capitals apply to the main canal. 

Say, Eo=O. 75. 

APxLx 
Eo =1--Q- ---····-·· ------ ...... (1) 

,_ apx lx 
Ew-1--- ···-------------------- (2) q 
E =Eo xEw X Eo ..................... (3) 

It has been found that in the Indian canals the amount of water effi
ciently used on the trees is often as low as 40 per cent of the amount 
entering the head works. From the equation given above it is evident 
the longer the canal line the greater the care necessary to prevent loss 
by absorption and percolation, and the more desirable are high veloc
ities. 

Iu the citrus-growing districts of southern California no such loss is 
permitted. The water is diverted in lined canals from the river and dis
tributed in flumes, or frequently in pipes, as is customary with a 
domestic water supply. The conduits are also comparatively short. 
A loss of 1.5 per cent per mile is considered large in canals having a 
capacity of 25 second-feet and over. The Santa Ana canal has about 
.20 second-feet of water (1,000 miner's inches) entering its head gates, 
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and loses about 15 per cent in 8 miles. ·This is considered a heavy 
loss. 

It is stated by the superintendent of the Bear Valley Irrigation Uom
pany that of"the water diverted from Santa Ana River for the Ales
sandro and Perris districts there is a loss of 35 per cent between the 
river and the irrigation districts. This water is carried for the first 8 
miles in the Santa Ana canal, where the lo8s in summer is about 15 per 
cent. It is then conducted through a steel pipe 9.7 miles, from Mill 
Creek to the :Moreno tunnel, and thence distributed to the lands in 
question through small reservoirs, pipes, and :fl~mes, the total distance 
carried being about 22 miles. ThisJoss is so great that the :figures are 
seriously doubted by some engineers. 

The duty of water is seldom considered in southern California except 
as measured at th~ land where it is to be applied. but even if meas
ured at the head works the waste in delivery in a good system should 
not exceed an average of 15 per cent for the year. The users of this 
water are an intelligent class of people, handling a very high priced 
water and crop. In many of the orchards, the water being limited 
and the land areas always in excess of tbe water supply, every drop 
i8 utilized. For these reasons it is safe to say that the cultivator here 
is as careful as any elsewhere, and that his personal efficiency would 
be equal to the best, which Mr. Beresford found to be 90 per cent. · 

Assuming the above to be true, the :final efficiency of the water used 
in San Bernardino Valley may be safely taken to be 70 to 80 per cent 
of the water entering the head gates, or nearly twice that .of India. If 
~n India the duty of water entering the canal is 1 'second-foot to 100 
acres, with an efficiency of 40 per cent, the duty of the effective water 

·there would be 1 second-foot to 250_acres, which would give a depth of 
1.44 feet on the land. This i8 found to be a common practice for citrus 
fruits in this valley. In irrigation enterprises there i8 a constant 
temptation on the part of the management to sell more land or water 
for land than the tributary drainage basin can supply, or to under
estimate the amount of water required because of the limited supply. 

An explanation of the wide range in the duty of water may be had 
in the illustrations (Pl. LV), giving yiews in San Joaquin Valley, 
taken in 1887: A is a view in an orchard; Bin a vineyard; both show
ing an amount of water applied to the soil so great that a large portion 
of it is wasted and probably the results in crop yield are not as large as 
though a smaller amount had been applied at a time. In contrast with· 
these, reference should be made to Pls. LVII and LVIII, showing care 
and skill in the prevention of waste. 

In southern California the :first cost of works has 'often been so great 
that those companies that looked for profit only from the sale and rental 
of their water, have, as a 1·ule, failed. Land without water is univer
sally regarded as of little or no value, but with a good water right 
the same land would be thought cheap by the same people at $100 per. 
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acre, yet it would be difficult to induce them to pay from $60 to $90 
per acre for a water riglJt. The water company might earn this 
increased valuation, but the only way in which they could collect it 
would be by purchasing the land, improving it, and afterwards selling 
land and water together. It has recently been ruled by Judge Erskine 
M. Ross, in the U uited States district court at Los Angeles, that a com
pany can not sell a water right; that they can only charge for the con
veyance of the water such rates as may be regulated by the local board 
of county supervisors, but that these rates must be large enough to 
bring in to the company a fair return on the value of the water plant. 
This decision has not been confirmed by appeal to the higher courts. 
As it stands, it evidently makes it still more desirable for the water 
company to control the lands under its system. The result of this 
decision has been that some of the water companies have repudiated 
the water certificates (acre water rights) that they have previously sold 
aud are endeavoring to increase annual water rentals. 

WATER POWER. 

Following the development 'of agriculture by irrigation, and the 
rapid growth iu population and wealth, has come the utilization of water 
for power purposes. This secondary employment has, as a rule, not 
interfered with irrigation, because most of the streams, as previously 
stated, descend with rapid slope from the high mountains, giving enor
mous available beads for power purposes. The most prominent indus
trial development has ·thus been the utilization of the many water 
powers of this section for the purpose of generating electricity and the 
transmission of the electric current to the near-by cities for light, heat, 
and power. The rapid strides made in electric development during 
the last ten years have rendered feasible many projects that prior to 
1887 were impracticable, and the distance over which electric power may 
be transmitted with favorable commercial results has been increased, 
it is said, to at least 100 miles. 

The area lying along the southern base of the Sierra Madre and San 
Ber11ardino mountains in southern California, and extending from tiJe 
Pacific Ocean to the city of Redlands, a distance of 80 miles, is the 
locality to which belongs the honor of having installed the first long
distance transmission plant in the United States-that from San 
Antonio Canyon to the city of San Bernardino, a distance of 28 miles. 
This valley contains the cities of I,os Angeles, Pasadena, Pomona, 
Ontario, Colton, San Bernardino, Riverside, and Redlands, besides 
many smaller towns, and is traversed by the Santa Fe and the South
ern Pacific railway systems for the entire length. 

Beginning on the east, the first stream of importance is Mill Creek, 
with an approximate average summer flow of 30 second-feet; then Santa 
Ana River, with an approximate flow of 80 second-feet; Lytle Creek, 
with about 25 second-feet; San Antonio Creek, with about 10 second-
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feet; and San Gabriel River, "·ith approximately 35 second-feet. These 
discharge figures are taken from local records and are not the result of 
official measurement. In addition to these there are a number of 
smaller streams which, for various reasons, are not available for power 
purposes. The largest stream among those named, and the most avail
able for power purposes, is Santa Ana H1ver, and the next in order are 
Mill Creek and Lytle Creek. San Gabriel River, while having a greater 
flow of water than either Mill Creek or Lytle Creek, has less available 
falJ per mile. On all of these streams the waters have been appro
priated for power purposes, and on San Antonio and Mill creeks the 
electric plants have been in operation since 189~. 

In 1891 work was begun on the plant of the San Ant_onio Light and 
Power Company, and in October, 1892, current was delivered over the 
lines to the cities of Pomona and San Bernardino, distant from the power 
house 18 and 28 miles, respectively. This was the :first long-uistance 
electric-transmission plant in the United States, and is operated at a line 
voltage of 10,000 volts, something hitherto unknown . outside of the 
laboratory of electric. scientists. The plan of hydraulic development 
of tllis power was the diversion of water from the creek into a riveted 
.steel pipe 26 inches in diameter, having a pressur'e bead of 400 feet 
at its lower end, where it entered a heavy riveted steel receiver. From 
this receiver the water was delivered through small nozzles to Pelton 
impulse wheels, directly connected to the shafts of the electric genera
tors in the power house, the latter being separated from the wheel pit 
by a heavy masonry wall. 

The operation of this plant has been continuous and successful from 
its inceptiOn, although tile transformer apparatus for raising the line 
voltage is crude and inefficient as compared with the present types of 
construction. This plant was so constructed that it could deliver elec
triCity for lighting purposes but not for the operation of electrie motors. 

In 1892 the Redlands Electric Light and Power Company began .work 
on the utilization of the waters of Mill Creek, and put into operation 
in the summer of 1893 a 1,500-horsepower plant for the electric trans
mission of light, heat, and power. The working capacity of the pipe 
line is stated as 30 second-feet. This was the first installation in the 
United States of the three-phase power-transmission plant, and the 
details of its operation and construction were much discussed and 
favorably commented on in the technical journals of the United States 
and Europe. This plant is now supplying with light, heat, and power 
for manufacturing purposes the cities of Hedlands, Riverside, and Col
ton, as well as the State Insane Asylum at Highlands and a large ice 
manufactory, the latter u_sing 200 horsepower for a synchronous motor. 
The population of these cities and their distance from the power house 
are as follows: Redlands, population 5,000, distance from power house, 
7-2; miles; Riverside, population 8,000, distance from power house, 22 
miles; Colton, population 3,000, distance from power house, 15 miles. 
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The line voltage to Redlands is 2,500 volts, and to the asylum-, Col
ton, and Riverside, 11,000 volts. The average cost per horsepower 
delivered to these towns from Mill Creek is, approximately, $60 per 
annum for a 10-hour day. When sold to large consumers the price is 
usually 1 cent per hour per horsepower for 20-hour days. The hydraulic 
development is of a similar type ·of construction to that of the San 
Antonio Uompa.ny, except that the pressure head is greater, being 510 
feet, and the length of the 30-inch steel pipe, 10,250 feet. In the case 
of the Mill Creek plant the head is developed through a 30-inch steel 
pipe· laid in the bed of the canyon itself, from the bead works to the 
power house, the pipe having a relatively small loss of head by friction. 
Difficulty has been experienced in removing all the silt from the water 
before it enters the pipe line, and the silt deposited in the lower por
tions, until removed, reduces the efficiency of the line. The operation 
of this plant has been very successful from the beginning, and the com
pany owning it is preparing to install a similar plant on Mill Creek 
above ·the present hea.dworks, having bought the lands necessary for 
this purpose. 

The way pointed out by these pioneers has been industriously traveled, 
and the later comers have so improved methods of transmission that 
work has now begun on the development of the power possibilities of 
Santa Ana River, with the intention of transmitting the power over a 
line 80 miles long to the city of Los Angeles .. This will be the longest 
distance over which electric power bas been delivered under commercial 
conditions, and its operation will be watched with great interest. The 
line voltage will be 33,000 volts, and the line will run along the tracks 
of the ·santa Fe Railway the entire distance, being built on the right
of-way lands of this company. The climatic eonditions of southern 
California are peculiarly favorable to the operation of a high-voltage 
line, the atmosphere being very dry and free from fogs. 

The hydraulic plans of the Southern California Power Company, who 
have the Santa Ana project under construction, provide for a canal 3! 
miles long, following the hills bordering on the river, consisting chiefly 
of tunnels 51 feet by 7 feet in section connected by flumes, and gradu
al1y increasing in relative elevation above the river bed from the intake 
to a height of 750 feet. This conduit is designed to Jeave the river 
bed at the mouth of Bear Creek. At tbe lower end of the condmt the 
water will be delivered into a steel pipe :~6 inches in diameter, with a 
length of 2,200 feet and a fall of 750 feet. With an average available 

_ amount of water of 80 second-feet, or 4,000 miner's inches, this will 
give an electric output at the station of 5,367 horsepower. The con
duit is to have a present capacity of 4,000 miner's inches and an ulti-
mate capacity of 7,000 miner's inches. · 

The same general method of power-machinery construction wiJI be 
used as in the San Antonio and Mill Creek plants~ namely, impulse 
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wheels, with rim buckets keyed to a shaft directly connected with the 
shaft of the electric generator. There will be five 1,000-horsepower 
generators installed. The power will be used in Pasadena and Los 
.Angeles for the purpose of operating electric street railways and light
ing plants, now using steam as a motive power. The total present use 
of electric power in Pasadena and Los Angeles amounts to about 8,000 
horsepower and is rapidly increasing. 

On May 21, 1897, the Southern California Power Company awarded 
the contract for the construction of flumes and tunnels in Santa Ana 
Canyon. The bid for the tunnel work, of which there will be about 
10,000 feet, was $6 per foot. The price for flume work. was $31 per thou
sand feet of timber, which will make this part of the contract amount 
to about $90,000. The completion of the work bas been somewhat 
delayed, but it will probably be finished by JanuarY, 1, 1899. 

MILL CREEK. 

Mill Creek drains the area south of the head waters of Santa .Ana 
River. The basin is composed of crystalline rocks with a considerable 
sOil covering. It is about 13 miles in length and 3 miles in average 
width, the total drainage area being 47 square miles, as measured with 
a planimeter on Beasley's map of San Bernardino County, edition of 
1892. It lies above the point where the stream crosses the west line 
of range 1, the latter being near the head works of the Redlands Elec
tric Light and Power Company and less than a quarter of a mile east 
of the junction of the Yucaipe and Mill Creek wagon ;roads. The area, 
as given by the California State engineer, is 58 square miles, but the 
initial point on the stream is not stated. 

The drainage basin rises from an elevation of 3,000 feet at the head 
works of the power company to 12,000 feet on Gray back Mountain, th{\ 
highest peak south of the Tebachapaies. It has a favorable exposure 
for rainfall, and the run-off is correspondingly large, probably at least 
as great per square mile as that from any other basin of similar area in 
southern California, the flow being well sustained in the summer. The 
creek consists of a main stream with short lateral tributaries. The 
valley is seldom more than 2,000 feet -wide, being of the nature of a 
canyon, but it does not narrow into the boxlike form usual in other 
gorges of this kind. The surface, up to an altitude of about 10,000 
feet, is covered with brush and timber. The higher peaks, San Ber
nardino and Grayback, are almost bare. 

As stated on a previous page, the first ditch constructed in this val
ley took water from Mill Creek, heading above Crafton and receiving 
the entire summer flow. At a later time, as water rights increased, a 
division was established at what is known as the Crafton divide, 
described on a later page. The flow during the summer of 1896 may 
be considered as relatively very low. On August 16, 1896, a severe 
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storm, locally known as a cloud-burst, caused a temporary rise which 
could not be measured. The following table gives the data available: 

lJischa·rge of Mill C1·eek, San Bernard·ino County, California. 

[Drainage area, 47 square miles.) 

·------ ---
...... ~ 

Discharge in second-feet. i 

Month. 

Mean. Maxi- Mini-
lnnm. 1nuru. 

--- ---,----
1895. I 

August .............. ------ -·-- 27.6 
I 

24.0 24.5 

September ..... .- ....... 26.5 19.5 20.0 

October ............ ---- 24.5 
I 

17.0 19.6 

1896. 

May ···---- ------ ............... 21.4 9.4 13.4 

June.------------------ 16.0 5.1 10.3 

July---·-----· ......... 
I 16.0 6.1 11.5 

August ................. 13.2 8.7 11.6 

September -------------- 15.0 7.4 11.5 

October ........ ____ ----. 13.1 9.0 10.5 

-----

Total in 
acre-feet. 

-----

1,505 

1,310 

1,205 

825 

615 

709 

716 

687 

637 

Run-off. 

- --- --~ 3e~o~-; 

Depth in 

1

1 feet per 
inches. square 

mile. 

--- --------

0.60 0.52 

0.52 . 47 

0.48 . 42 

0.33 . 28 

0.25 . 22 

0.28 .24 

0.28 . 25 

0.27 

~ 0.26 
--

The rainfall for the winter of 1897-98 is very low and is the culmi
nation of a group of five years, the mean of which is much below the 
general mean for southern California. The streams of this section 
during the summer of 1898 have in general been lower than recorded 
heretofore. This condition is indicated by the rainfall table for San 
Bernardino, shown on page 619. At other rain-gage stations than 
San Bernardino the rainfall for the season of 1896-97 is either near the 
mean or slightly below it. 

The following measurements of Mill Creek were made during the 
season of 1898 at the Crafton divide: 

Discharge of Mill Creek at division box. 

Date. I 
l------

1898. 
April 12 ... _ . __ .. _ ...... ___ .......... . 

April 29 ............ - .... - - . - ....... -. 

June 12 .... ~ . _ ... _ ............ - . - ... . 

, July 23 __ ............ __ . _ ............ . 

j Septe~~er 8 .. _ ....... ----- .......... . 

Area. 

Square feet. 

(a) 

(a) 

1.92 

1. 43 

1.23 

a Measured on weir. 

second. 
I Yclocity pe< ' 

I 
Feet. 

... -..... -- -- .... 
·---·· -----· 

9.42 

8.27 

10.62 

Volume. I 

Second-feet. 

15.73 

18.88 

18.10 

11.82 

13.07 
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Well up in tlte eanyon, at an altitude of about 3,000 feet, the water 
of Mill Creek is first. diverted to the works of the Redlands ®lectric 
Light and Power Company by means of a small concrete dam and reg
ulating gate, as described on a preceding page. From the power house 
the water returns to the original channel, where it flows to the Crafton 
divide. This consists of a cemented bay 18 feet long, from which two 
weirs discharge. One weir is permanent and the other is a double 
adjustable gate. One of these gates is made of heavy plank and rests 
on the bottom of the bay. This gate can be raised and the bay flushed. 
The second is supported by and moves on the upstream face of the 
wooden gate. The wooden gate rests on the sill of the bay, and the iron 
gate by an independent motion can be set so as to make the proper divi
sion of the water. As is the case with most of the weirs of California, 
this measurement is defective. The Crafton weir, which is permanent, 
is an iron knife-edge, which projects about 1 inch above and is set 1 
foot back in the flat top of a concrete wall. The measuring edge of the 
other adjustable weir is made of an angle iron, which has a vertical web 
of 2 inches, and a horizontal web, extending upstream, of 1 inch. 
These weirs divide the summer flow of Mill Creek, the water of which 
is worth at least $25,000 per second-foot of continuous flow. 

The old 1\fill Creek zanja has been slower in the transfer of rights 
from the lower to the higher lands than any of the other canals in the 
valley, but its water is being used more and more around Crafton, and 
probably before many years the transfer will be complete. 

CRAFTON CANAL. 

From the divide described on the preceding page the water. for 
Crafton is led through a lined canal to the Crafton reservoir. By 
agreement between the owners of water right!!! in the Mill Creek zanja 
its waters, as before stated, were divided, so that during certain hours 
all of the water is given to the Crafton people. Under this arrange
ment nearly all of the water flowing during the night goes to Crafton. 
The reservoir was constructed in order to control this supply more con
veniently. To form the reservoir a cutting was made in the hillside 
and an embankment constructed on the lower edge. The reservoir 
thus made is faced with cement and a rock lining. The usual method 
of constructing such works at Redlands is to place on the wa.ter face 
cobbles or rock taken from the excavation. These are set on edge 
to form a wall 8 inches thick, then rammed firmly into position and 
the spaces filled with .spalls and sand, water being freely used. When 
completed, the reservoir is filled for a week or ten days. The water 
is then drawn off and the surface of the rock lining is covered with 
mortar made of one part cement to five of sand, put on by a trowel, 
the thickness of the coat being about three-fourths of an inch. When 
the material is furnished at the reservoir, the cost of mixing and putting 
it in place is about 28 cents per square yard. 
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The capacity of this reservoir is about 35,000,000 gallons. The supply 
is increased by water from Santa Ana River, brought by the Green 
Spot pipe line, which discharges into the head of the Crafton canal. 
The length of this pipe line is 3~ miles, and its capacity is 9.1 second
feet, or 455 miner's inches. The canal is 4 feet wide on top, 2 feet wide 
on the bottom, and 2 feet deep, a section being shown in fig. 192. 

The following is the most approved method of building canals of this 
character evolved by local experience: The side walls are laid first. 
Bowlders which weigh from 50 to 200 pounds are used for this purpose. 
They are laid flat in a lime-and-cement mortar. The side walls should be 

lL ____ ~~ 

lot.ciTUOINIH. 5£CTION ON LIN£ A.B 

• t --; .. ·.•·;-···.· • 

FIG. 192.-Plan and section of canal and masonry sand box of Crafton Water Company. 

carried down a foot or more below the proposed floor of the canal. The 
wall is surfaced with a strong hydraulic-cement mortar. The floor of 
the canal is made of bowlders of the same size, set on edge and chinked. 
Sand is then brushed over the floor with brooms and all the spaces are 
well filled. The water, carrying fine silt, by its own action finishes the 
work of cementing the floor of the canal. It is found that these canals 
become water-tight and give good service. The high velocities .in this 
district cut off the cement plaster that may be put on the bottom of 
the canal. The North Fork or Highlands canal, built in this manner, 
has been in operation since 1888 and carries 30 second-feet, or 1,500 
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miner's inches, of water. In places it is built on a grade of 16 per cent 
and the velocity of the water reaches 20 feet per second. 

The Crafton canal is said to lose 75 miner's inches (1.5 second-feet)" 
between Mill Creek and the Crafton reservoir, a distance of 21- miles. 
This is doubted, as the weirs are too poor to measure with any such 
refinement. 

Fig. 192 also shows the sand box on the Crafton line of canal. It is 
located about 200 feet east of the reservoir. The effort has been-made 
to so enlarge the s~ction of the sand box that the water will be reduced 
to a velocity of 0. 7 foot per second over the sills of the sand box. The 
sand that has been carried in suspem;ion to this point is dropped into · 
sloping hoppers, into which the bay has been divided. The tendency 
of the sand is to settle toward the center of the bay or hopper. The 
bell-shaped gate at the vortex of the hopper drops vertically from its 
position by means of a screw thread on its shaft at the wheel. The 
weight of the sand and water tends to press the sand down through 
the opening. The water, in theory, :first pushes the sand out before 
wasting itself, but in practice the slopes should be steeper than they 
are here to produce this result. · 

In this case the water has to flush the sand through the opening. 
An improvement could be made in the lip of the bell. A small gravel 
or stick may lodge in this curved lip, and it is then extremely difficult 
to remove the obstacle or to close the gate. It would be better if the 
lip, instead of being turned up, were made flat, so as to permit the 
sticks and gravel to slide off the shoulder easily. The ideal location 
for a sand box is on a trestle passing over some cross-drainage line. 
In this event a deep box can be located with the sides nearly vertical, 
which permits the silt to be pushed or flushed out with greater rapidity. 

In a sand box of the type on the Santa Ana canal, where the slopes 
of the floor of the sand hopper are 1 on 4 and the sides 2 on 3, with 
heads of 20 second-feet, the sand has to be shoveled into the opening, 
as the water does not acquire enough power to flush quickly the sand: 
through the openings. The openings would have been better adapted 
to their purpose if they had been 2~ feet, instead of 11-, in diameter. 

The Crafton \Vater Oompany owns the Crafton canal and reservoir 
as well as the distributing-pipe systems to the Redlands Heights and 
Canyon Crest Park. The operation of this company is the outgrowth 
of local custom and methods, and is in most respects similar to the 
other local water companies of the valley, such as the North Fork, 
Redlands Heights, Drew, and others. Its capital stock of $350,000 is 
divided into ;3,500 shares of the par value of $100 per share. Its prop
erty consists of water rig~ts, reservoirs, canals, conduits, aud system 
for the development, storage, and distribution of water. 

The following condensed extracts- from the constitution of the com
pany illustrate the customs referred to above: 

The unissued stock of this company may be issued to any person deemed fit by the 
board of directors to become a stockholder, upon condition that the title to a certain 
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quantity of water and the exclusive use thereof, delivered into the Crafton supply 
canal or into the Crafton reservoir, be first conveyed to this corporation. That in 
such transaction stock shall be estimated as follows: For one hour's flow of the 
Mill Cre'ek zanja once in every seven days and $250 in money, 25 shares of such 
stock may be issued, and in the same rates for a longer or shorter flow, from whatever 
source; and for one hour's full flow of said stream once every ten days and $175 in 
money, 17t shares of such stock may be issued, and in the same rates for a longer or 
shorter flow, from whatever source: Provided, That when water be acquired from any 
other source than Mill. Creek, each share of stock shall be estimated to equal at least 
one-seventh of a miner's inch. And no stock shall be issued for money other than 
as above provided. --

Any stockholder is entitled to have water from the reservoir and water system 
delivered through hydrants on the highest point of his land by paying to the com
pany the proper proportion of the expense of finishing the distributing canal to a 
point where the wate; leaves the canal, and his proportional part of the expense of 
laying cement or vitrified pipe to his land; also for his hydrant. 

Any stockholder owning land that can be more cheaply irrigated from the supply 
canal may have water from it by paying his proportional expense of making or lay
ing cement or vitrified pipe from the canal. The ratio of the expense of the cement 
or vitrified pipes shall be divided among stockholders as follows: The ]and nearest 
the zanje, canal, or ditch from which the pipe leads shall pay the least, and the land 
farthest fr:om the same, measured by the route of the pipe conducting the water to 
the land in question, shall pay the most, and each intermediate lot of land shall pay 
in proportion to the length of pipe necessary to reach it, no stockholder paying for 
the pipe beyond his hydr:mt. In distribution of water to consumers the whole 
quantity of water which is subject to and may be delivered through the water sys
tem of the company at the time of the distribution shall be considered as consisting 
of as many equal parts as there are shares of capital stock actually issued. The 
person owning any of these shares, upon proper demand or notice, shall be entitled 
to have delivered to him such quantity of water as his stock then represents. 

After the completion of the pipes running to any of the lots the pipes become the 
property of the company and are maintained by it, except when injured by the fault 
of the stockholder. 

The board of directors of this company may acqnire title to water for the stock
holders and consumers by purchase for a money consideration on such terms as may 
be deeme<l reasonable. For such purpose they may issue such obligations of this 
company as may be necessary, provided that the water be delivered into the Crafton 
supply or distributing canal or reservoir. All the water a,nd water rights controlled 
by this company are to be used and distributed exclusively to its stockholders, as 
they ma.y require, and only upon lands under the system. 

FLOATING DIVISIO~ WEIR. 

The division of the water among irrigators is usually made over weirs. 
A masonry box of size varying with the requirements in the case is 
connected with the main canal by means of a pipe. The water stands 
at a head in the box varying with the height of water in the main canal 
and the regulation of an intervening gate. From this box the water 
flows over a weir to the consumer, the quantity varying with the con
ditions in the main canal. In this connection an apparatus for the 
delivery of any constant amount of water has been invented and pat
ented by Mr. W. T. Lambie, of Los Angeles. Fig. 193 on page 557 
illustrates the workings of this machine, which is adapted to measure 
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water by uniform flow from lakes, reservoirs~ rivers, ditches, etc., for 
irrigation or other purposes, under all conditions of fluctuation of. the 
surface of the supplying body of water. 

Tliis machine is simple in form, cheaply construeted, and can be 
manufactured of wood or metal, or of both in combination. It can be 
used on ground having but little fall, and can be made for any 
flow, from a fraction of a miner's 
inch to 10,000 miner's inches, or 
more. The machine can be gaged 
for the flow desired and the top 
of the cistern or box closed and 
locked to prevent it from molesta- P 

tion. Machines have been placed rtoor ~ 
with capacities varying from 1 to 
1,000 miner's inches and their uni
formly satisfactory working for any 
size has been demonstrated. 

The first machine placed was on 
the water development at Titus 
ranch, near San Gabriel, Los An- o 

geles County, California, and seg
regates 6 inches from a 30-inch 
development, while 6 inches con
stant flow is set aside to the East 
San Gabriel Hotel property. It 
was placed in April, 1894, has been 
in constant operation since, and 

FIG. 193.-Section of floating weir. F, floats for 
supporting movable receiving pipe P; X, 
weights placed in floats to submerge same to 
the necessary depth, as per scale S (any heavy 
substance, such as stone, bricks, or iron, having 
flat sides, so that they will stay when• placed, 
may be used); S, graduated scale on side of 
floats, showing lines to which the floats should 
be submerged to measure the quantity of water 
required over the weirs; TV, weirs, over which 
the water falls into the receiving pipe P; P, 
the movable pipe down which the water falls 
after passing over the weirs; 0, the stationary 
pipe into which the movable pipe P telescopes 
at the bottom of cistern or box (P slides through 
a close-fitting collar which prevents the flscape 
of any appreciable quantity of water, the joint 
being such as to work without sufficient fric
tion to interfere with the free movement of 
P); D, the discharge pipe (not necessary except 
to save excavation where outlet is deep owing 
to len~rth of pipe P where fluctuation of·water 
level is great). 

bas given entire satisfaction. 
The largest. machine yet built 

was located on the Laguna rancho, 
ou the south boundary of Los An
geles city, by order from the coun
cil of that city, on a large zanja or 
ditch. Its capacity was 1,000 
miner's inches (20 second-feet), and 
it has the indorsement of the city 
engineer and other city officials. 

The device has the ad vantages 
of simplicity, compactness, and accuracy. Its efficiency has been 
demonstrated by five years' service. Other devices of this nature 
have been made with a bellows attachment at the bottom of the canal, 
to avoid the possibility of any catr~hing that there may be in the slid
ing up and down of the movable pipe. The o~jection to the bellows 
lies in the fact that silt deposits in the folds and makes the weighting 
of the floats uncertain. · 
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ORCHARD LATERALS. 

From the Crafton reservoir, shown in Pl. LVI, the distribution is 
made in cement-lined ditches to the various orchards. These conduits 
are made of either small or split bowlders. This character of work is 
carried down to the individual irrigator, where the capacity of the 
1ittle ditch is not over 25 miner's inches, or one-half of a second-foot. 
This latter ditch is _made of split pieces of bowlder set on edge for the 
sides, and laid flat for the bottom, in cement mortar, and having small 
galvanized-iron slides over openings about 1 inch square at intervals of 
from 2 ~o 7 feet, the slides being about 12- inches wide by 3 inches long.· 
The guides for these slides are folded strips of zinc set in cement. 

There are several other types of small orchard irrigating :flumes. On 
the :fiat slopes the square board :flume is quite popular. It is made of 
1~-inch lumber, and is usually about 8 inches square inside. Two joints 
in the bottom of the square :flume afford twice the opportunity for 
leaking that there is in the V-shaped :flume, which is made of two 

FIG. 194.-Sections of Duarte gate and orchard pipe. 

boards with one joint. On hillsides, where the erosion from the leak 
is great, this is a matter of considerable importance. On steep slopes 
the flume should be set up a few inches above the ground so that the 
water from any leak can be controlled. 

There is a terra-cotta flume made which possesses some desirable 
features, but which is not yet generally .used. It is about 8 inches 
square in the clear. The early patterns did not have bell joints, as in 
the case of sewer pipes, and for this reason did not give satisfaction. 
Lat~r patterns have remedied this defect. The sections are 2 feet long, 
and in the center of each section, on one side and next to the bottom, 
is the regulation opening of 1 square inch, with a terra-cotta spout 5 
inches long projecting from it. In the center and opposite this spout, 
in the top, is a round hole large enough to admit the hand into the 
flume, so that a small block of wood may be ~djusted against a shoulder 
just below the spout to produce a better :flow, and any obstacles may 
be removed from the spouts. 

The form of distribution almost universally used in the Duarte 
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district is shown in fig. 194. The pipes are made of sand and cement. 
They are usually 8 inches in diameter. The pipe is so laid as to com
mand the orchard by gravity, and is placed about 2 feet below the 
surface of the ground. Each of the standpipes shown is in the nature 
of a safety valve_, to relieve the excess of pressure. The top of the 
standpipe is about 1 foot above the surface ·of the ground. There is a 
small gate that works vertically in guides in the standpipe~ so adjusted 
that the desired amount of water is made to flow in artesian style over 
the top of the vertical pipe. A standpipe is provided for each row of 
trees, and from it water is led in furrows as desired. The Duarte people 
claim that they have little or no trouble with roots getting into the 
pipes. 

In the Crafton and Redlands country the cement pipe is held to 
be very unsatisfactory because the roots fill the pipe and because the 
small amount of silt carried by the water bas often,. in their two or 
three years' use, cut the bottom out of the pipes, leaving the sides and 
top a shell. Speaking generally, cement pipes, especia1ly of sma;Il diam
eter, are considered a failure. 

The system of subirrigation has been entirely abandoned. This 
consisted of the delivery of water under pressure in iron pipes under
ground to the root of each tree. The method of delivering water up.der 
pressure to each tree on the surface of the ground has also been aban
doned, except on terraces, and systems of these types have largely been 
torn out and replaced by the ordinary surface flume. The objection 
was that the irrigator desired to see his water and the division of it. 
The pipes also became clogged and delivered varying amounts of water_. 
and were difficult to clean. 

APPLICATION OF WATER. 

In this valley, where only orchards and gardens are irrigated, the 
method of actual distribution of water over the surface of the ground 
is chiefly by furrows. These furrows are run as the slope of the ground 
directs, a grade of 0.4 foot to 100 feet, or 0.4 per cent, peing satisfactory. 
They are from 3 to 6 inches deep and are run from 2 to 5 feet apart, the 
entire orchard being commanded in this way. Each ditch is supplied 
from one of the small openings in the distributing flume with from 0.1 
to 0.25 miner's inch of water. The little stream slowly flows and 
percolates across the tract, taking· in some instances one or two days 
to cross a 10-acre tract. The fact that the upper side of the tract 
comes in contact with the more water is compensated largely by the 
general tendency of the water to move downhill through the soil. 
Little trouble is experienced from this source. The result of the 
method is the uniform soaking of the soil. 

After the irrigation, as soon as the ground is sufficiently dry, the 
entire field is plowed, preventing or breaking up the caking or baking 
of the soil anq stopping weed growth. This method in its general 
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result resembles the action of rain, as the distribution is general and 
slow over the entire surface. The result of the general distribution of 
the moisture is to draw out the roots of the trees in all directions in 
their search for water, which gives them an extended feeding area for 
other purposes. In the case of irrigating· in basins.around the trees, 
or with only two furrows next to the trees, the reverse effect on the 
roots would follow and diminished quantity or quality of fruit would 
result. 

Irrigation by the check method is little practiced here, as the slopes 
are so steep that the checks would have to be either so large or so 
numerous as to interfere with the cultivation of the soil. The check 
method requires the flooding of the ground with water several inches 
in depth, which shuts off for the time both light and heat. Irrigation 
by checks is largely practiced with grain and alfalfa in San Joaquin 
Valley, and is doubtless the cheapest way of irrigating these crops, 
but they are not so grown in this valley. 

Pl. LVII shows one method of irrigation on a side hill or slope. In 
this case checks are thrown up, forming basins into which the water is 
discharged and permitted to settle into the ground. Another method 
of irrigation on the sidehill is to run furrows with a plow on grade 
cont~mrs, the water then being handled as in the ordinary method of 
furrow irrigation. The furrow method is the one generally adopted in 
the San Bernardino Valley as the most satisfactory. Either way gives 
a high efficiency to the water used. 

Pl. L Vlii shows an orchard lateral, such as is frequently used in 
southern California in the distribution of water to the orchards, and 
illustrates the detailed care with which the irrigators handle this valu
able and scarce commodity. Small openings may be noticed in the 
lower right-band side of the conduit through which the water passes to 
the furrows. These openings are regulated by means of small zinc 
slide gates which are worked vertically in small metal grooves. At 
intervals of about 50 feet checks are put in the canal to still the water 
and to increase the head over the. openiugs. A comparison with Pl. 
LV, showing the ordinary method of irrigation by flooding, will illus
trate the relative care with which water is used in southern California. 

REDLANDS HEIGHTS. 

The waters from Mill Creek supply the higher lands of San Bernar
dino Va.lley on the southern side. From the end of the Crafton main 
a 16-inch cement pipe extends 2 miles to Redlands Heights, thence a 
6-inch pipe extends 2 miles farther to command Smiley Heights, or 
Canyon Crest Park. These pipes, with several miles of laterals, con
stitute the Redlands Heights system, which is owned by the Crafton 
Water Company. 

Two methods of applying water are practiced here. By one the hill 
is terraced, as shown in Pl. LIX. In this method a slig·ht excess in 
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elevation is given to the outside bank to prevent washing, and the 
water is then handled in the furrow manner on the benches. Another 
and cheaper method is to run the furrows on the grade contours without 
terracing, using much care to prevent breaks and washes, but this is 
usually unsatisfa~tory. The landscape efl'ect of these hillside orchards 
is very beautiful, and terrace irrigation is practiced by many wealthy 
fruit growers and gardeners, of whom there are a considerable number 
in the valley. This feature lends a peculiar charm to Crafton and 
Redlands. 

The soil of the southern slope of the valley is of red -clay loam, mixed 
somewhat with disintegrated granite crystals. It does not require as 
much water as the more sandy soils and gravels, but much more skill 
in the application to the land. The duty of water for citrus· fruits 
ranges from 4 to 7 acres per miner's inch for this locality. One inch to 
4 acres is regarded by experienced growers as the best amount for well
developed citrus orchard. It is generally thought that the deciduous 
fruits require about one-half as much water. 

The flow of water is considered as continuous from :five to seven 
months each year, beginning with February or April. The rainy sea
son in California extends generally from November to April, and this' 
limits the duration of the irrigating season. 

CANYON CREST PARK. 

Canyon Crest Park, having an area of 200 acres, lies on the hills 
southwest of Redlands, with its slope on the south breaking off to San 
Timoteo Canyon. Ten years ago :Messrs. A. K. and A. H. Smiley 
bought this land and succeeded in obtaining water from the Crafton 
Water Company, storing it in reservoirs. There are several miles of 
pipe line in the park, and the water is delivered under pressure through 
small hydrants. 

The grounds are terraced and planted to orchards of oranges, lemons, 
and olives. There are one thousand varieties of trees and shrubs. 
Miles of winding drives are laid out on the hiJls. The walks, drives, 
and canyons are planted with rare trees and beautiful flowers. The 
outlook from these hills commands San Bernardino Valley, with ranges 
of snow-covered mountains serving as a background. 

Where a decade ago sheep could scarcely feed there is now one of 
the most beautiful parks in the world, the delight of hundreds of tour
ists and the pride of southern California. 

MENTONE W A'l'ER DEVELOPMENTS. 

Mentone is sit~ated in the eastern end of the valley, northerly from 
Crafton and easterly from Redlands. The source of supply is Mill Creek, 
the rights being secondary to those of the owners of water from the Mill 
Creek zanja. A description of the works of the Mentone Irrigation 
Company has been furnished by James D. Schuyler, consulting engineer, 

19 GEOL, PT 4--36 
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permission having been obtained to make this use of his report to the 
directors of the company. . 

The lands along Mill Creek consist of a broad gravel dump, or wash, 
from 500 to 2,000 feet wide, over which the stream meanders at flood 
time in channels from 15 to 20 feet below the level of the banks. The 
zanja, built by the.mission fathers about the year 1820, bas customarily 
taken the entire surface flow of the stream during the summer stage. 
but the winter flood flow has always passed down through the main 
wash, on the lands now owned by the Mentone Irrigation Company, 
to where it is united to Santa Ana River. This yearly flushing of 
the gravel beds of the stream replenishes the natural reservoir of the 
broad, rocky "wash," and the level of the subsurface of the water table, 
drawn down by slow drainage through the summer, is restored in winter. 
This underflow is partially thrown to the surface in some places, and at 
two points some development work has been done in the way of tunnel
ing and open trenching, by which means the present water supply has 
been obtained.· 

The points selected for this work were where the living springs 
appeared on the surface. The upper one of these is on sec. 22, T. 1 S., 
R. 2 W., adjacent to the lands of Mrs. l\L .A.. Brown. Immediately 
below these springs there is a bold outcrop of granite on the north side 
of the creek, forming an abrupt bluff, which seems to force a part of the 
subsurface water to the top of the ground. Apparently this water comes 
from the mountain drainage immediately adjoining and finds its way 
into the gravel beds underlying the bench land (which is parallel with 
and 15 to 20 feet higher than the stream), as well as in part, no doubt, 
from the creek itself. Here the work for the development of water was 
commenced by the Excelsior Company about the year 1884, which com
pany afterwards sold to the Mentone Company. 

In 1885 and 1886 Mrs. Brown cut some drain ditches in the cienaga 
and drove a tunnel that is said to have been 1,100 feet long, in a direc
tion almost parallel to the south line of her property, and but 50 feet 
distant from it, resulting, it is stated by her son, in a :flow of 135 
miner's inches from the mouth of the tunnel. At the present time 
there is nothing. to be seen of the tunnel, as its mouth bas become 
choked, the approach wholly or partially filled, and there is practically 
no water issuing from it. This choking has no doubt been caused 
by willow roots that have penetrated to the water and formed a mat
tress in the tunnel and so filled the entire tunnel that no water of auy 
moment can pass. 

The predecessor of the Mentone Irrigation Company at the begin
ning of its operations first constructed a ditch, called Excelsior ditch, 
with a capacity of 700 miner's inches, and diverted water from various 
springs on and adjacent to the land owned by Mrs. Brown out across 
the wash onto the mesa and thence toward Mentone. This was the 
first appropriation of the water of these springs. This ditch was super-
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seded shortly after its construction by a sheet-steel pipe, 1 0~ inches 
in diameter, which began a few hundred feet below the head of the 
ditch, at the mouth of the development tunnel that was started in 
the gravelly bed of the wash, and was driven in an easterly direction 
nearly parallel with the north line of the property and about 100 feet 
south of the line; and the water from the tunnel, as well as that 
brought from the surface ditch directly from the springs, was taken 
mto the pipe at this point. 

This tunnel, starting 1,150 to 1,200 feet west of the mouth of Mrs. 
Brown's tunnel and about 50 f-eet lower in elevation, has been driven a 
total distance of 950 feet, including about 120 feet of open cut. The 
last 400 feet of the tunnel were driven in the summer of 1894. L<\. cross
cut of about 100 feet, which was run over to the north line of the 
property, encountered bed rock on the way and went into it for some 
distance, but without materia-l increase in the flow. This is explaiued 
by the fact that the principal part of the water comes from the south 
and east, as is demonstrated at the last shaft, about 100 feet east of the 
crosscut, where, by looking down the open shaft, which is placed just 
to the south of the tunnel and not directly over it, a stroug stream 
is plainly to be seen from the surface, flowing across northward into the 
tunnel. 'l1he total amount of water flowing from the month of the tun
nel October 30 was carefully measured over a weir placed in a sand box 
at the head of the pipe line, and was found to be 123.15 miner's inches, 
or 8.5 miner's inches per linear foot of excavation. The 101-inch pipe 
before mentioned extends along the wash of Mill Creek to the south 
bank, a distance of 800 feet, where its "highest point is but 7.2 feet 
lower than Its head, which limits its capaeity to 120 miner's inches. 
At 890 feet from the head it is reduced to 6 inches in diameter for 
300 feet to the division box, where part of the supply is carried in a 
6-incb pipe across the wash .again to the "bench" on the north side of 
Mill Creek, supplying about 135 acres of orchard lands lying from 200 
to 250 feet lower than the tunnel. From the division box a flume 12 
inches square formerly extended all the way down the slope to Mentone, 
but a few years ago about one-half mile of ·this flume was accidentally 
burned and later replaced by a 6-incb cement pipe. The capacity of 
the flume on the grade it bas, when tight, in good order, and full, is 
about 325 miner's inches. The north flume, ft'om the lower development 
at the German Springs, joins the upper flume about a mile below the 
tunnel. The lower development, at what is known as German Rprings, 
about 3,800 feet below the mouth of the tunnel, bas been made in the 
way of a crosscut, following the bed rock part of the way across 
the stream channel, which is here about 500 feet wide. 

This has been done as a.n open cut, 10 to 15 feet deep, which has been 
lined with a flume and partly refilled; but it is evident that willow 
roots, which have been so disastrous elsewhere, have here filled the cut 
and flume to such an extent that but little water gets through, and 
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most of that found comes from tlJe surface flow of the springs aud 
f.rom a ditch leading from an independent spring about 300 feet 
higher up the creek on the north side. This latter source measured 
9.13 miner's inches, and the total, including that from the crosscut and 
the German Springs, was found to be 30 miner's inches. The entire 
measured supply, on October 30, 1896, may be recapitulated as follows: 
From the ditch north of the mouth of the tunnel, known as part of 
Excelsior ditch, 48.27 miner's inches; Mentone Water Company's tun
nel, 123.15 miner's inches; Triangle Springs, 9.13 m.iner's inches; Ger· 
man Springs, north of tlume, 20.78 miner's inches; total, 201.33 miner's 
inches. The discharge is now greatly ·reduced. 

The flume leading from the German Springs to a junction with the 
main flume, 1,920 feet below, is 24 inches in width for 533 feet and 16 
inches the rest of the way, and is 12 inches in depth. At the head, 
where it has a grace of 1 per cent, it originally had a capacity of about 
650 miner's inches. About 400 feet of the 16-inch flume is on a 1 per 
cent grade and has a capacity of 385 inches; the remainder is on a 2 
per cent grade and has a maximum capacity of 550 inches. During 
the course of his investigations Mr. Schuyler took occasion to measure 
the Mill Creek zanja. At the crossing of the Bear Valley upper canal 
the measurement showed a :flow of approximately 1,130 inches. Half 
a mile higher up, at the head of the zanja, the river carried about as 
much above the foot of the power company's race way as that conduit 
was delivering, which was found to be 640 miner's inches, as measured 
over the permanent weir at that point. No exact measurement could 
be mad~ of this quantity without going to the expense and trouble of 
putting in a weir in the stream above the ju11ction of the power race 
way; this was not done, but judging by the eye there was very little 
difference in the two streams, which would make the total stream flow 
when united about 1,24,0 miner's inches. 

While this is usually all appropriated and used, one has the right to 
the undertlow of the stream, which is, to be ~Sure, an indefinite quan
tity, impossible of estimation, but nevertheless a resource whose possi
bilities and probabilities are great and well worth exploiting. Mill 
Creek, as before stated, has a watershed area of 58 square miles of 
such character that the mean run-off may be safely estimated at 50 
percent of 48 inches precipitation, which would be equivalent to 74,000 
acre-feet, or sufficient to supply 25,000 ~wres with a perpetual flow of 1 
miner's inch to 5 acres. Unfortunately much of this goes to waste during 
floods, and as there i& no opportunity for impounding it, and no good 
storage reservoir sites available on the stream, the only portion that 
can be utilized is that which is naturally stored in the great gravel 
beds in and below the canyon. The rate of flow through gravel mixed 
with sand is exceedingly slow, varying from 1 to 10 miles per annum, 
and for this reason a gravel-bed reservoir, even though it be on a steep 
grade, only needs to be of sufficient area, depth, and extent to afford 
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large streams of water when tapped at a considerable depth by a tunnel. 
San Antonio Creek, in the western part of San Bernardino County, 
affords a very encouraging example of this sort of water-supply devel
opment. The various tunnels and artesian wells between Pomona and 
the mountains north of it are fed directly by the underflow of San 
Antonio Creek and must amount in aggregate to over 1,500 miner's 
inches, notwithstanding the fact that the watershed of the creek is 25 
square miles, which is less than half that of Mill Creek. 

The gravel dump may be very m~ch wider and deeper and of greater 
area than that of Mill Creek, and it may be restrained from draining 
away as quickly by special . conditions that do not prevail on Mill 
Creek, but there is enough similarity to permit analogous deductions 
and to encourage the belief that there is considerable water to be 
drawn from these grave] beds if properly treated. 

The total land for which water rights have been sold is, approxi
mately, 413 acres, exclusive of the 360 acres within the limits of the 
town. site of Mentone. Messrs. Mcintosh, Marlette & Dood own 1,300 
acres additional, of which 520 acres are in the gravel wash of Mill 
Creek and will never be irrigated, leaving 780 acres needing water. 
This, added to the 413 acres .already sold and 360 acres of the town 
site, makes a total of 1,553 acres to be provided. When the lands 
were first subdivided and the water compa~y was organized it was the 
general impression among real-estate men and many irrigators that an 
allowance of 1 miner's inch to ~0 acres was enough for all fruit crops. 
On a basis of 1 inch to 10 acres there would be required about 155 
inches to supply the lands already sold and then on sale, which it was 
intended to serve with. water. by the Mentone Irrigat~on Company. 

SIMILAR WATER DEVELOPMENTS. 

In connection with this water development the following information 
is of interest: At Tempe, Arizona, a well 6 feet in the clear was 
sunk thr<>ugh sand and bowlders to a depth of 25 feet, the plane of 
saturation being about 4 feet below the surface of the ground. A cen
trifugal pump lifting 4 second-feet made a run of 158 hours, which 
affected the plane of saturation, as shown by a series of bored wells in 
line from the main well, as follows: At main well, drop in plane of 
saturation of 17.7 feet; 56 feet from main well, 6.8 feet; 118 feet from 
main well, 4.9 feet; 183 feet from main well, 3.4 feet; 360 feet from 

•. main well, 1.8 feet. 
The location was below a· 30-foot mesa in the bottom-wash land of 

Salt River. The pump discharged into an unlined canal within 20 fe'et 
of the shaft. The result indicates the reach or draw from the well into 
the plane of saturation, which plane is supplied from the river and 
adjacent canals. 

The Azusa and Duarte irrigators own the surface waters of San 
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Gabriel River in southern California, and at first diverted these waters 
at the mouth of the canyon. The Vineland irrigation district, desir
ing a water supply, constructed a tunnel 2,000 feet in length into the 
sand-and-bowlder wash of the canyon, following its western wall, the 
head being within 175 feet of the river. Between the tunnel head and 
the river two wells were sunk by the Azusa people to determine the 
relation of the water levels. The results obtained much resembled the 
conditions shown at the Tempe well. 

A supply was obtained by the Vineland people of from I to 2 Recond
feet. The original water company, to avoid the drain on the surface 
flow, built a pipe-and-tunnel line to a point a mile above the Vineland 
heading and there diverted their water on bed rock. On July 15,1896, 
the water was all turned into the new pipe line. The flow of the Vine
land tunnel at once began to diminish, and gradually fell from 1.11 
second-feet on July 15 to 0.0 on August 7,1896. 

On August 16 a cloud-burst occurred on a clay portion of the basin, 
washing down much silt and ashes, "slicking" over the channel of the 
river to the mouth of the canyon. On OctQber 27, 1896, the irrigating 
season being over, the water of the river was returned by the Azusa 
people to its old bed, but it did not as before percolate through to the 
Vineland tunnel. On February I, 1897, a heavy general storm raised 
the river so that it flushed out its bed, and in a few days the Vineland 
tunnel was collecting and discharging 2 second-feet of water. 

It would be difficult t.o show a clearer connection between so-called 
developed water and surface water. The case at Tempe, showing the 
reach from a well or tunnel, and that at San Gabriel, demonstrating 
the source of supply, are interesting, as indicating the effect of devel
opment on surface flow in formations of this character. Doubtless the 
sands and gravels are charged each year by storm waters that may be 
drawn upon, but the supply is greatly enhanced by a running stream 
or canal on the surface. The statement given below shows the amount 
of water obtained by development works in a saud or bowlder wash. 
In Pach instance running water is on the surface of the ground within 
a distance of 100 to 500 feet. 
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Am.ou11t of water obtained by dm~elopment 'Works in a sand m· bowlder wash. 

~Looality. 
! 

Miner's : 
Company. Class of work. Length of inches per J 

work. 100 linear 
feet. 

I 
I 

Feet. 

German Springs, Mentone Irrigation Open cut .. 500 6.0 

Mill Creek. Company. 

Upper Spring, Mill ..... do ............ · .. Tunnel .... 1, 050 11.7 

Creek. 

Santa .Ana tunnel, Redlands Water .... do ..... 600 5 

I No.1. Company. 

Santa Ana tunnel, ..... do .............. .... do ..... 1,800 7 

No.2. 

East Twin Creek ... E. A. Phillips ....... .... do ..... 400 5 

San Gabriel River .. Vineland irrigation .... do ..... 2,000 5 

district. 

San Fernando Val- West Los Angele!!l Open cut .. 3,000 11 

ley. Water Company. 

Mill Creek wash .... Mrs. M. A. Brown ... Tunnel .... 1, 100 a12 

Arroyo Seco ........ P as ad en a W ate r .... do ..... 6,000 4 

I 
Company. 

a Has decreased over one-half. 

In the case of the West Los Angeles Water Company there was a 
flow of 60 miner's inches at a spring to start with, which has been 
deducted from the total flow. This development is in a dry channel of 
Los Angeles River and consists of an open cut, the maximum depth of 
which is 30 feet. 

SANTA ANA RIVER. 

The mountainous area which constitutes the drainage basin of Santa 
Ana River has steep slopes, but the surface is fairly well covered with 
soil, except in the canyons, the underlying granitic rocks having .been 
largely disintegrated, leaving an ·absorbent soil on the surface. The 
northern slopes are covered with underbrush at elevations of from 
2,000 to 6,000 feet. At an elevation of 3,000 feet pines appear, the trees 
increasing in size and number to an altitude of 6,000 feet and disap
pearing at about 10,000 feet. The catchment basin is not so well situ
ated as that of Mill.Creek, as regards precipitation, being, to a large 
extent, to the lee of the crest of the range, and Grayback and San 
Bernardino peaks cut off in part storm winds from the south. 

The drainage basin may be divided into four portions, whose areas 
are as follows: Main river above junction of Bear Creek, 88 square 
miles; tributary to Bear VaUey reservoir, 54 square miles; Bear Creek 
below dam, 16 square mile~; main river below Bear Creek, 31 square 
miles; total, 188 square miles. These areas have been measured from 
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Beasley's county map, edition of 1892. The 16 square miles of basin 
tributary to old Bear Lake are not included in the total given above, 
as the overflow is toward the desert. 

RAINFALL. 

Observations have been made at two rain gages, one at the Bear 
Valley dam and the other near the eastern rim of the basin at Bear 
Creek. The Bear Valley rain gage, besides being located in a canyon 
where the precipitation might be expected to be excessive, is situated 
so as to get the advantage of the crest rains, and its average record of 
53.70 inches is probably 20 to 30 inches greater than the mean for the 
basin. (See remarks on Arrowhead rainfall, page 620). The maximum 
year given is 176 per cent of the mean, and the minimum 37 per cent of 
the mean. 

Bear Valley rainfall record, September 1 to .AuguBt 31. 

I . . Year. 1-I-nc_h_es_. -I _____ Y_ear_. _____ 1~nchM. I 
1883-84- -- - -. - . -- --- . - - - - - 94. 60 1889-90- . ----- -- - - - - . -- --- 93. 40 

1884-85- -- - - - . - - - - - - - - - - - - 28. 06 
1885-86------- .. ---- ---- .. ' 65. 51 

1886-87- . - - .... - - --- . - - - . - 24. 00 
1 ~~~~~8 ..... ______________ 62.30 

~9 ..... -------------- 46.08 

1890-91. -- · -- • • .. • .. • .. · .. 1 

1891-92.--- ...... -....... 

1892-93 ... - . - .... - . . . . - - - -

1893-94- -.... - - . - - - - . - - - - . 
1894-95 ............. ------

78.40 

38.00 

44.32 

19.75 

50.00 

The 'portion of Bear Va.lley basin to the east of the gage at the dam 
not only has much le~s precipitation, but a very much greater portion 
of the snowfall is lost by evaporation, owing to its exposure to the dry 
desert winds. It is found that at the eastern end of the basin the snow 
reduces to water at the ratio of 10 to 1, while approaching the crest it 
is nearer 5 to 1. 

The Upper Holcomb rain gage is near thenortheast edge of the Bear 
Valley basin and shows this marked decrease in rainfall near the 
eastern rim. The mean for the years given is 14.09 inches. The rain
fall at San Bernardino city during the period 1892-93 and 1897-"98 was 
84 per cent of the twenty-eight-year mean at that place. 

Upper Holcomb rainfall record. (a) 

r= 892-93..~~----· .... .... I::~:: 189~6 •.. ~~- .. ~ .•.... ..:-!-•:-~-~-· -·I 

1 ;~9~94 .. _____ . ______ • _ .. _ . 15. 27 1896-97 .. _____ . _ _ _ _ _ _ _ _ _ _ _ 13. 50 

L894-95. ___ .. _ .... _____ .. _ 21. 80 1897-9_8_b_._-_-_--_·_· ____________ -----·=---9._3~ 

aNE. a sec. 33, T. 3 N., R. 1 E. Elevation, 74200 feet. 
b Record for 1897-98 is from September 1, 1897, to June 1, 1898. 



LIPPINCO'IT.} WATER SUPPLY OF SAN BERNARDINO VALLEY. 569 

DISCHARGE MEASUREMENTS. 

Estimates of the amount of water available from Santa Ana River 
have been made by the Bear Valley Company. The results are shown 
in the progress report for 1895.1 In J nne, 1896, the writer established 
a station for measuring the 8treams at a point opposite ~Warmsprings, 
immediately above the junction of Warmsprings Canyon with Santa 
Ana River, this being below the point of diversion of the c~na1. Here 
the channel is comparatively deep and broad, ·being straight for a dis
tance of over 100 feet above and 50 feet below. A cable was stretched 
across the stream and measurements were made from a suspended car. 
The g.a,.ge is about 60 feet above the cable on the south or left bank of 
the stream, and consists of an inclined rod fastened under a group of 
bowlders at the lower end and by wires to trees at the upper end. The 
initial point for sounding is ou the left bank, at a staple in a cottonwood 
tree at the cable. The results obtained are shown in the accompanying 
table. The observer, A. Laird, zanjero for the Bear Valley Irrigation 
Company, reads. the gage daily. At about 75 feet below the cable is a 
riffle which causes slack water and deposit of silt near the cable. This 
being occasionally flushed out necessitates frequent revision of the 
rating curve and prevents a fairly constant relation between area of 
section and velocity. A more detailed description of this station is 
given in Water-Supply and Irrigation Paper No. 16, p. 195. The rela
tion of gage height to discharge, and the estimated discharges of the 
river are given in the following table: 

Rating table for Santa Ana River at Warmsprings, California. 

Discharge. Discharge. =l Ga~e July 1, Ga!te July 1, heig t. June 1 to heig t. June 1 to 1896, to July 31, Aug.1 to 1896, to July 31, Aug.1 to 
May 31, Deo. 31, 1897. May 31, Dec. 31, 1897. 

1897. 1897. 1897. 1897. 

Feet. Sec.-feet. Sec.-feet. Sec.-feet. Feet. Sec.-feet. Sec.-feet. Sec.-feet. 

0.8 --- ... ---- ---------- 23 2.0 260 --···----- ---- .......... 
0.9 25 ·----·---· 24 2.1 300 ---------- ............ ----
1.0 33 55 26 2.2 340 ... ---- ... -- .. ... -....... -.. --
1.1 41 60 30 2.3 380 ---------- ............... ----
1.2 52 67 38 2.4 420 ..................... ---- ............ 
1.3 ~ 64 78 . 52 2.5 460 ....................... ··--------
1.4 81 92 70 2.6 500 .. . ... -............. - ................... 
1.5 101 110 90 2.7 540 ... -....... - ........ . .. - .......... - ... -
1.6 126 129 . -- ......... -- .. 2.8 580 ........................... --- ........... ---
1.7 153 151 ....... -... -- .... 2.9 620 .......... ................ --- ... -.. -..... 

~ 
186 ................ ---- ..................... 3.0 660 .... -........... -. ---- ..... ·I 
221 . .. .. -- .......... - ... -- ... -......... 9 

i 
1Report of progress of the Division of Hydrography for the calendar year 1895, by F. H. Newell, 

hydrographer in charge: Bull. U.S. Geol. Survey No. 140, 1896, pp. 318-321. 
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Estimated monthly discharge of Santa Ana River at Warmsprings, California. 

[Drainage area, 188 square miles.1 

~Month. Discharge in second-feet. 

-----·--
Total in acre-

feet. 

Rnn· 

--
~ 
~I 

I 
! 

Maxi· Mini· 
mum. mum. 

---

1896. 
July ............... 76 48 
August ............. 83 33 
September ......... 77 27 
October ............ 170 38 
November .......... 52 30 
December .......... 40 ·33 

------
1897. 

January ...... ······! 101 27 
February .......... 580 72 
March .......... - - . i 460 64 
ApriL .............. 1861 101 
May ... -..... ----. ---- 101 i 29 
June ............... 67 57 
July ............... 85 57 
August ............. 80 34 
September ......... 61 38 
October ............ 250 I 25 
November .......... 521 34 
December .......... 30 22 

-~-The year . . . . . 580 22 
:==...===-
I 

1898. 
January ........... i 58 33 
Pebruary .......... 76 33 
March ....... _ ..... 40 .25 

April .............. ---- ---. 28 
1\fay .............. _ 149 26 
June ............... 58 36 
July ............... 53 33 
August ............. 58 i 33 

Mean. 

63 
57 
55 
55 

a33 
a35 

62 
181 
119 
146 
61 
63 
67 
57 
47 
42 

a38 
a26 

76 
-

49 
48 
M> 

36 
61 
48 

43 
43 

Depth in 
inches. 

---

3,891 1 0.39 
3,492 0.35 

3,2891 0.32 
3, 387 0.33 
1, 939 0.19-
2,176 0.22 

3,836 0.38 
10,060 1.00 
7, 317 0.72 
8,675 0.87 
3, 769 0.38 
3,737 0.37 
4, 119 0.41 
3,505 0.35 
2,779 0.28 
2,582 0.25 
2,261 0.22 
1,610 0.16 

54, 250 j 5. 39 I 

2, 9871 0.30 
2,688 0.27 
2,448 0.24 
2,134 0.21 
3, 727 0.37 
2,840 0.28 
2,625 0.26 
2,653 0.261 

I 

feet per 
square 
Idle. 

0.34 
0.30 
0.29 
0.29 
o-. 17 
0.19 

0.33 
0 .. 96 
0.63 
0.78 
0.33 
0,33 
0.36 
0.30 
0.25 
0.22 
0.20 
0.14 

0.40 

0.26 
0.26 
0.21 
0.19 
0.32 
0.25 
0.23 
0.23 

a The reduced tlow of November and December I& due to closing the Bear Valley dam. 
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Sec.-ft. 
400~-+-+~4-+-~-4-+~4-+-+-~~-+~~4-+-~~-4-+~4-+-~~~~~ 

100r+-+-+,_+-~-+-r1-+-~-+-+~1-~~~-r~~~~-+-H!~~~~4-~ 
o~9=~=F~9~1~om~~~~r~u9=~=F~~,~--~----~~~·~---

700~-t-t-r~t-~-i-t-r-r1-t-t-r1-t~~~+-+-~~-+~~+-+-~-+~~ 

600 H-+-1H-++-+-r-++-~-+--+-+-/._a+-I9+7-H--+-+-~-+-+-+--+-+-+-+-~f-+-+-+-+--t---t 

. 
300~-+~~~~~r;-+-+-r;-+-+-~-+-r-r~+-+-~~-+-+4-~+-~-+-+~ 

:II 

200~-+~hr~~~~-+~-r,_+-+-~~-r-r4-+-+-~~-+-HH-+-+-~-+-+~ 

'".:~~~~~~~~-~-~~~~~~ 
FIG.l95.-Discharge of Santa Ana River at Warmsprings, California, 1896 and 1897. 

Estimated monthly discharge of Santa Ana River and Santa Ana canal. 

Discharge in second-feet. 

Month. Santa A~a River. Santa Ana canal. 

1-----,----~----1---- -----

Maxi
mum. 

Mini
mum. Mean. Maxi

mum. 
Mini
mum. Mean. 

1----·------- --------------------1----

1896. 

~:iu~t: ~ ~ : : : : ~ ~ : :: : : :: ~ : ~: ~~ :~ ::: : : : : : ::: : : ::: ~!: ~ 
September ............. I 77 27 55 . . . . . . . . . . . . . . . . 14. 0 
October . . . . . . . . . . . . . . . . 170 38 55 ........ , 16.0 
November .............. 

1 

52 30 33 ::: : : ::: ........ l 3. 5 

December ............. ·1 40 33 . 35 ........ =··=·=·=·=· ·=-,l==4=. =2= 

1897. 
January ................ : 101 27 
February ............... I 580 72 
March .......... _ . . . . . . . 460 64 
April. ... _ ... _ . . . . __ . . . 186 101 
May .... __ .. _. __ ... ___ . 101 29 

June.-----------------· 67 57 
July ...... ____ ..... _ _ _ _ 85 57 
August .. ___ ... -. - _ .. __ . 80 34 

September ....... -----· 16 38 
October. __ .- ... __ ...... 2n

5
-o
2 

2
3
5
4 

I 
November ............ . 

1-----
The year . . . . . . . . . 580 22 

62 
181 
19 

146 
161 
63 
67 
57 
47 
42 
38 
26 

76 

8.5 
6.0 
6.0 

12.0 
20.0 
19.0 
18.5 
20.0 

3.2 
0.0 
0.5 
0.0 
0.0 
0.0 

10.6 
I 17.4 

5.6. 
4.0 
5.2 
3.8 

15.0 
16.6 
15.6 
18.3 
20.0 
12.4 
7.0 
7.0 

-- ----·- --·--1·----
10.9 L::ber ··--·· .... .... 30 22 I 

-------~---~--~---~---~ 
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Estimated monthly discharge of Santa .Ana River and Santa .Ana canal-Continued. 

Discharge in second-feet. I 
"Month. Santa Ana River. Santa Ana can~~ 

Mean. Maxi- Mini- Mean. Maxi- Mini- I 
mum. mum. mum. mum. 

- ------------ ---
1 

1~98. 
January ...... ....... ............... 58 33 49 ......... ---- ....... ---- 9.0 
February ---- ---· ..... ·- 76 33 48 ......... ---- -------- 10.0 
March ----- ................. ---- 40 25 40 ---- __ ..... ---- ........ 11.0 
April -- ... ....... ---- ------ 34 28 36 1- -- ---- ---· .. --. 9.0 
May -- .... --· ........ ---- --- 149 26 61 ............... .. ............. 8.0 
June .... ........ ---- ------- 58 36 48 ........ ........ .. ........ -- . 

3.9 J July ---- ---- -------· ... 53 33 • 43 -.... - ---- - ..... --.- 5.3 
August ..... ---- ....... ........ 58 33 43 ---- ........ ............... 3.0 

Esti'rnated monthly discharge of Santa .Ana .River, including Santa .Ana canal, at 1Varnt
springs, California. 

[Drainage area, 188 square miles.] 

Month. 

Discharge in second-feet. 

Maxi
mum. 

Mini
mum. Mean. 

---------1---------
1896. 

July . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 
August............. . . . . . . .. . . . . . . . . 71 
September . . . . . . . . . . . . . . . . . . .. . . . . . 69 
October ............................ 71 
November.......... .. . . .. . . . .. .. . .. 37 
December . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

1897. 
January ........... 1 104 35 68 
February . . . .. . .. . . 585 77 185 
March . . . . . .. .. . . . . 465 70 124 
April .. . . . . .. . . . . . . 190 113 150 
May . ...... .... .... 113 48 76 
June............... 86 60 80 
July............... 102 70 83 
August............. 100 54 75 
September .. . . .. .. . 81 58 67 
October ........ __ .. 270 . 4n 54 

m ber .. .. .. . .. . 38 29 33 

I 
I 

I Total in acre-
feet. 

1 

4,753 
4,353 
4,124 
4,372 
2,148 
2,435 

4,179 
10,282 
7,637 
8,899 
4,690 
4,723 
5,077 
4,628. 
3,968 
3,347 
2,678 
2,040 

I November .......... , 59 40 45 

The year ... _ -~~ j--2-9- -----s1 62,148 

Run-off. 

Secontl-~ 
Depth in feet per 
inches. square 

mile. 

I 

0.47 0.41 
0.44 0.38 
0.41 0.37 
0.44 0.38 
0.21 0.19 

I 
I 
I 

0.24 0.21 
.=:====:---

0.41 0.36 
1. 02 0.98 
0.76 0.66 
0.89 0. 80 
0.47 0.41 
0.47 0.42 
0.51 0.44 
0.46 0.40 
0.39 0.35 
0.33 0.29 
0.27 0.24 

l~~-18 
6.19 ' 0. 46 

I I 
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HIGHLANDS OR NORTH FORK SYSTEM. 

Mormons from Salt Lake, who were the first .Anglo-Saxon immigrants 
to enter this v~lley, founded the town of San Bernardino, and in 1855 
built on the south side the first ditch from Santa .Ana River. This 
ditch, knowll: as the Tinney ditch, with some of the underlying lands, 
was purchased by Judge H. M. Wills, in 1857, from Bishop Tinney. 
Judge Wills did not make immediate use of his canal, and so lost his 
right, the water being claimed by a lower ditch on the opposite or north 
side, known as the North Fork, which, however,must not be confounded 
with the North Fork of the present day. These ditches were located 
but a few miles east of San Bernardino. 

The second ditch constructed on the Santa Ana was the Timber 
ditch, which was built in 1857. This canal also was built on the north 
side of the river. In 1898 this ditch was dry and practically aban
doned. Gradually other small ditches were constructed and contro
versies arose . 

.As a result of the first water sui.t brought in San Bernardino County, 
the Oram-Van Lueven ditch, which was built in 1858 and made its 
diversion at the mouth of the canyon, was given one-sixth of the entire 
flow of Santa .Ana River at that point. The old North Fork ditch was 
abandoned and its waters transferred to this Oram-Van Lueven ditch, 
which was enlarged, and the consolidated canal was known as the 
North Fork. 

The North Fork Water Company was incorporated in July, 1885, and 
jointly with the Cram-Van Lueven people operated this north-side sys
tem. The location of this ca.nal was changed several times, each move 
putting it on higher ground, until in 1887 or 1888 the present cement
lined ditch was constructed next to the foot of the mountains from the 
mouth of Santa .Ana Canyon, through East Highlands, and along the 
foothills to Del Rosa. .A pipe line to San Bernardino was constructed 
by the Bear Valley Irrigation Company from this terminus. 

By reference to the table in Bulletin No. 140, p. 318, giving the flow 
of Santa Ana River, it is seen that the North Fork canal, having aright 
to one-half of the water in the river, obtained only 6 second-feet, or 300 
miner's inches, during minimum years. Mr. F. E. Brown, having studied 
the situation and the possibilities. of the Bear Valley reservoir, submit
ted propositions to the North Fork and the South Fork companies to 
guarantee them each year the following water: June; 500 miner's inches; 
July, 600; August, 600; September, 500; October, 450; November, 400; 
mean, 508. The privilege was further granted them of taking water in 
such amounts as they pleased, provided they did not use over 2,200 
miner's inches in any four consecutive months. In consideration of 
this the Bear Valley Company was to be permitted to store all availa
ble water at the Bear Valley reservoir at all times of the year. It was 
also permitted to run through this canal an amount of water equal to 



57 4 PROGRESS OF STREAM MEASUREMENTS FOR 1897. 

that run by the North Fork Company, but the Bear Valley Company 
was to pay one-half of the cost of reconstructing and enlarging the old 
canal and one-half the cost of maintenance, which was to be under the 
control of the North Fork people. If the Bear Valley Company failed 
in the contract it was to forfeit all interest in the plant. This agree
ment became effective June 1, 1886. 

NORTH FORK CANAL. 

The diversion of water from Santa A.na Rive1· is by means of tempo-
. rary head works below the "divide." The canal is the same form of 
structure as that described on page 554: in the Crafton discussion. This 
canal in places is on a 16-per-cent grade; the berms are very narrow, 
permitting the sand to blow into the canal, but it bas stood in good 
condition for ten years and is now quite perfect. Velocities of 20 feet 
per second have been measured in this canal. (See Pl. LX.) 

In places where the Highlands or North Fork canal passes through 
a conglomerate formation of sand, gravel, and clay, partly indurated, 
a cement plaster, consisting of 1 part cement and 3 parts sand, is put 
directly on the natural material and has stood well. The same practice 
has been followed to advantage in tunnels. "'There the line has been 
built on fills, a year has been given for the ea~th to settle. The bottom 
widths vary with the grade from 2-1- to 6 feet, the top from 4~ to 8 feet, 
and the depth from 2~ to 32- feet. The total cost is estimated at $37,500. 
Other expenses, such as right of way, legal expenses, etc., will bring the 
total up to between $45,000 and $48,000 to the North Fork Company, 
and $77,000 to $80,000 to all concerned. 

The North Fork water was valued, in 1888, at $720 a miner's inch. 
During the summer season of 18!J6 the Bear Valley Irrigation Company 
charged and collected 35 cents per 24-hour day per miner's inch (0.2 
second-foot) for water. Considering that the season lasts .six months, 
or 180 days, this water would cost the irrigator $63 per miner's inch. 
With a duty of water of 1 inch to 4 acres and a cost of operation and 
maintenance of $2 per acre per annum, or $8 per miner's inch per 
annum, the net value of an inch of water, on the above basis, would be 
$55, which, capitalized at the legal rate of 7 per cent, would give $786 
as the value of an inch of water in the North Fork district during 
1896. During the drought of 1898 individual rights to water were sold 
for $2.50 per miner's inch for twenty-four hours around Redlands, and 
the Bear Valley Company charged 10 cents additional for toll on the 
transfer through its canals. 

The North ],ork water is owned and operated by an association of 
irrigators. The North Fork ditch was originally divided into hours; 
that is, one hour's water represented the full flow of the ditch for that 
length of time. When the company was reorganized the stock was 
divided into shares, twenty shares representing one hour; so a share 
now means one-twentieth of an hour's run of the 400 miner's inches. 
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VIEW ON THE NORTH FORK SYSTEM, NEAR HIGHLANDS, CALIFORNIA. 

The irngated lands of Highlands in the background. 
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The cost per acre irrigated for maintenance alone has been about 
$1.50 a year. Each shareholder can call for any part of his water, or 
sell it at any point along the system. There is an agreement on the 
part of the company, however, that no shares can be transferred to 
the South Fork canal. The North Fork and Cram-Van Lueven water 
shares or stock are all owned by the landowners and used on the land 
lying under the ditch. There iR none of this stock now on the market. 
A recent sale of "an hour's run of the ditch," which is equal to 1.68 
miner's inches perpetual flow, was made for $900. This would be at 
the rate of $540 per miller's inch. 

The Bear Valley·Com.pauy and the Cram-Van'Lueven CompaiJy have 
the right to run water through this ditch, but the operation and main
tenance is in the hands of the North Fork Company. The Bear Valley 
Company has 600 miner's inches, the Cram-Van Lueven Company 200 
miner's inches. The cost of maintenance during the year 1896 was 
$4,975, each company paying its proportion. Of this amount, $2,136 
was paid in interest and notes on a construction debt, and also included 
taxes. If the debt of $14,700 could be wiped out, it is estimated that 
the maintenance charges would not exceed $5 per annum per inch. 

The cost of the water per inch is estimated as follows: Operating 
expenses and maintenance of ditch, per miner's inch, $5; interest on 
value of water, say $540 at 6 per cent, $32.40; total annual charge per 
inch, $37.40. 

With a duty of 1 miner's inch to 4 acres, this would be an annual 
expense to the water owners of $9.35 per acre, or with 1 miner's inch 
to 5 acres, $7.48 per acre. 

During the year 1896 the Bear Valley Company charged $35 for a 
24-hour run of 100 miner's inches. With a duty of 1 miner's inch to 4 
acres, this costs the irrigator $15.75 per acre, or $8.75 per acre-foot; 
with a duty of 1 miner's inch to 5 acres, the cost would be $12.60 per 
acre. In 1897 the rate was fixed at $20 per day for 100 miner's inches. 
This would cost $9 on a basis of 1 miner~s inch to 4 acres, or $7.20 for 
a duty of 1 miner'~ inch to 5 acres. On the basis of 1897. the Bear 
Valley water costs the irrigator no nwre than the North Fork water. 

The Highlands Vineyard Company canal is a continuation of the 
North Fork canal. It is 2i feet wide on the bottom, 4i feet wide on 
top, 2i feet deep, and on a 10 per cent grade. It is constructed in the 
same way as the main canal. 

The total area irrigated on the north side for 1896 was, approxi
mately, 5,000 acres. 

The soil of Highlands is largely a loam of recent formation, and 
though in places it is very light, it universally produces a high grade 
of oranges and lemons. As in other localities, the best citrus lands 
lie next to the foothills and are very limited in area. A distance of a 
mile will often make the difference between success and failure in this 
class of fruit, as frost settles into the lower portions of the valley. 
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The duty of water in this district for citrus trees ranges from 1 
miner's inch for 3 acres to the same for 7 acres, six months' flow, depend
ing largely on the amount of water that the irrigator can command. 
The other fruits require, approximately, one-half this amount. Little 
else than citrus fruits is raised on this high-priced foothill land. 

Fertilizing is very generally practiced in this and adjoining localities. 
The Chilean nitrates are said to be the best wood growers, and the 
guanos are the best for fruit. The method of distribution of water 
practiced on this land is the same as that of Redlands. 

SUMMARY OF NORTH-SIDE SYSTEM:. 

Below is a synopsis of the north-side system of canals used or owned 
by the Bear Valley Irrigation Company: 

North Fork ditch (capacity, 1,500 miner's inches).-Beginning at a 
point at or near Santa Ana Canyon, in the SW.! sec. 4, T.1 S., R. 2 W., 
it runs in a northwesterly direction along the base of the mountains to 
a point west of City Creek, on the south line of sec. 28, T.1 N., R. 3 W., 
thence to the southeast corner of sec. 29, T. 1 N., R. 3 W., having a 
total length of 8 miles. · 

The Bear Valley Irrigation Company owns an undivided half interest 
in this ditch and the right to run one-half the capacity, viz, 750 miner's 
inches .. 

Highlands ditch (capacity, 1,500 miner's inches).-Beginning at a 
point near the North Fork ditch, in the NW.! sec. 34, T. 1 N., R. 3 W., 
it runs in a northwesterly direction along the base of the mountains to 
a point near the west line of sec.19, T. 1 N., R. 3 W., having a length 
of 4 miles. 

North San Bernardino pipe line (capacity, 1,400 miner's inches).
Beginning at the end of the Highlands ditch, at a point near the west 
line of sec. 19, T. 1 N., R. 3 W., it runs west to the northeast corner of 
North and San Bernardino streets, having a length of 2 miles,· thence 
south 1 mile. 

REDLANDS OR SOUTH-SIDE WORKS. 

As stated in the description of the Highlands or North Fork water 
rights, on page 573, the first water taken from Santa Ana River was 
used near old San Bernardino, on the south side of the valley, being 
diverted by the Tinney ditch, built in 1855. After being abandoned it 
was opened to take the water claimed under the Berry Roberts filing, 
made March 10, 1869, on the surplus flood waters of Santa Ana River. 
A number of irrigators under the Timber ditch, who owned land on the 
Sunnyside or south side of Santa Ana River, began to transfer their 
rights there. Direct purchase was made in some instances of Timber 
ditch water, which was transferred to the Berry Roberts ditch, and 
this was continued until the Timber ditch was abandoned. 

In 1874 parties interested in this Sunnyside or south-side water began 



LIPPINCOTT.] WATER SUPPLY OF SAN BERNARDINO VALLEY. 577 

the construction of a canal from the mouth of Santa Ana Canyon, OlJpo
site the point of diversion of the North Fork and Cram-Van Lueven 
ditch. This canal was built on a light grade as far as Mill Creek wash, 
but it was not used until 1878. In February, 1878, the water com
missioners granted a permit to relocate the ditch, commencing "four 
hundred yards above the present diversion of the North and South 
:Fork canals and running about one hundred and fifty yards south
easterly of that point." The water was then discharged through an old 
river channel and delivered through natural drainage lines to the old 
head of the Berry Roberts ditch. 

In July, 1878, the county water commissioners were asked to locate 
the South Fork canal on the line which had been in large part con 
structed in 1877. This was done, and water was first run through this 
canal in the fall of 1878. This canal line is practically on the location 
of the Bear Valley Redlands canal of the present day. Thus, as the 
water became more valuable and the advantage of the higher and 
warmer valley lands became better understood, the points of diversion 
were gradually moved upstream to prevent the loss of water and to 
command these lands. 

The owners of the South Fork water constituted an association con
trolling the main canal. The water was· used in the Lugonia, Redlands, 
and Sunnyside districts, and the local jealousies of these rival settle
ments for a long time prevented incorporation. 

Lugonia is on the east of Hedlands, a depression occurring between 
them. The Lugonia Water Company was incorporated in 1887 with a 
capital stock of $369,000. The old water owners exchanged their water 
rights for shares of stock in the new company, 10 stock shares being 
given for 1 original water share of the old Timber ditch. In 1886 about 
170 original shares bad been so surrendered to the Lugonia Water Com
pany; 50 were held by the Redlands Water Company, and 33 by the 
Domestic Water Company, which would not unite with the Lugonia; 
the remaining 87 shares were held by parties who declined to enter the 
company. These shares called for 1.3 miner's inches of water, or a 
supply for 10 acres. The Lugonia Park Water Company is an offspring 
of the Lugonia Water Company. 

AGREEMENTS WITH THE BEAR VALLEY IRRIGATION COMPANY. 

South Fork Company, for the same reason as the Highlands or North 
Fork Company, entered into agreements with the Bear Valley Com
pany. The associations on the south side of San Bernardino Valley, 
however, did not secure as favorable conti:acts as those of the north 
side, because they were not so well organized. The Bear Valley Com
pany lined the earthen canal of the South Fork Company between the 
canyon and Redlands with bowlders in cement, and has since operated. 
it. Failure on the part of the Bear Valley Company to fulfill contracts 

19 GEOL, PT 4-37 
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wfth the South Fork Company will cause the forfeiture of all contracts 
and rights of the Bear Valley Company. 

The contract as to the division of the water is that in consideration 
of the rights of the surplus and winter waters of the Santa Ana, which 
the South Fork Company surrenders to the Bear Valley Company, this 
corporation will deliver to the South Fork Company at the Sunnyside 
divide 466.67 miner's inches (9.33 second-feet) from May to October, 
inclusive. The South Fork Company, by giving notice on or before 
April 20 of any year, can accumulate its water in any months, provided 
no month shall have assigned to it more than 600 miner's inches (12 
second-feet). 

The South Fork Company, having a right to one-half the summer 
flow of the Santa Ana, in 1881 was able to obtain but 350 miner's inches 
(7 second-feet) and in 1883 but 320 miner's inches (6.4 second-feet), so 
that it gained by this agreement 146 miner's inches (2.93 second-feet) 
over low or controlling years. 

SUNNYSIDE ASSOCIATION. 

The Sunnyside Association, or South Fork Company, now takes its 
water from the Redlands canal of the Bear Valley Irrigation Company 
at a point about one-half a mile east of Mentone. It is then conducted 
through an earthen canal a distance of 1 tpile, with a loss of about 75 
miner's inches. There are 10 miles of main-line canals, most of which 
are paved with cobbles but not cemented. The loss by seepage and 
evaporation on this system is about 25 per cent of the entire supply. 

A majority of the shares (222 out of 369) are now held by the Lugonia 
Water Uompany, which purposes to reconstruct this system and put in 
a pipe-line plant. The annual expense of maintenance of the works 
has ranged from 20 to 30 cents per acre per annum to the irrigators. 
The original shares (Timber ditch) represent 1.3 miner's inches, which 
is considered adequa.te for 10 acres of land. 

The proposition for the incorporation of the Sunnyside or South Fork 
canal is for the holders of the original Timber ditch shares to sur
render them to the new corporation, which will then issue new shares 
calling for water and give the original shares as security for a mort
gage, and the funds raised will be used to build the pipe system. Those 
shareholders who do not enter the association will be asked for cash to 
pay their share of the construction expenses. . The Lugonia Water 
Company has voted $30,000 in bonds, secured by their 222 shares; 
but it is hoped that all of the original holders will soon enter the 
agreement. 

LUGONIA A VENUE PIPE LINE. 

The Lugonia Avenue Pipe Line is owned by Mr. H. L. Williams. Its 
capacity is 1,000 miner's inches, but at present little more than 100 
miner's inches are used through it. This water is obtained by Class 
B, Bear Valley certificates. .It is taken from tJ:te Bear Valley Redlands 
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canal at Mentone into a pipe line that is 20 inches in diameter, 25,910 
feet long, laid to the west from Mentone along Lugonia avenue to the 
Williams tract. This was constructed in 1893. 

REDLANDS WATER COMP~~Y. 

Irrigation began in the Redlands tract in 1882, and by 1897 it had 
grown to a community of 5,000 people, its citrus groves being estimated 
to produce about 1,200 carloads of fruit per annum, worth probably 
$1,000,000. It is doubtful if this locality. can be equaled for beauty, 
productiveness, progress, or wealth per acre anywhere west of· the 
:Mississippi River. Its development is a monument to the physical 
conditions of the district and to the energy of its people. 

Two views of Redlands are shown on Pl. LXI. The first of these, A, 
being a general view and the sbcond, B, a view of Brookside avenue. 
This illustrates a marked feature in irrigation development, in that 
effort is constantly made to render the homes with surrounding orchards 
beautiful as well as profitable. The lands are highly cultivated and o 

produce crops of citrus fruits, returning in some instances as high as 
$500 per acre; 10 acres are ample for the support of a family, thus per
mitting the horticulturist to enjoy all the convenience of a suburban 
town, such as electric lights and street cars. The avenue shown 
is fairly typical of many others, with curbing, a row of palms on the 
edge of each sidewalk, and a row of pepper trees in the center of the 
street. The view is taken in midwinter. 

The original settlement was made on 1,500 acres of land. This land 
carried a water right of 0.13 miner's inch per acre. The principal 
promoters of this district, and the ones to whom ..;ts early success was 
in large part due, were Messrs. E. G. ·Judson and F. E. Brown of 
Redlands . 
. The necessary water was obtained from 50 of the original369 shares 
of the Sunnyside or Timber ditch stock, thus providing 54.2 miner's 
inches. In addition, 133 miner's inches were obtained in large part by 
a development tunnel at the mouth of Santa Ana Canyon, a descrip
tion of which will be given later. 

The Redlands Water Company was organized to supply the settle
ment with water, for which it built the Bolen tunnel, and the Judson 
& Brown ditch. They also ultimately obtained the water of Morton 
Canyon. This company was organized iu 1881 with $1,500,000, divided 
into 1,500 share~ of stock, one for each acre of land. 

Enough water could not be delivered from the above sources to sup
ply the requisite 18'7.5 miner's inches, so 640, Class A, certificates of 
Bear Yalley Company were added to the other waters of the company. 
The water was afterwards increased by further purchase of Bear Val· 
ley certificates, so that the supply was ultimately placed on a basis of 
1 inch to 4 acres, controlled by original rights, and 1,032 Bear Val1ey 
certificates for .14 miner's inch each .. 
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The total supply of the Redlands Water Company is 375 miner's 
inches. The holdings of the company are subject to changes caused 
by sales and purchases. The cost of maintenance has been from $3 to 
$5 per acre. Each share of company stock entitles the holuer to a 
certain amount of water, which may be called for at any point uuder 
the company's system. 

The water company originally built :1 canal from the mouth of Santa 
Ana Canyon to a reservoir on the Yucaipe ro~.d, known as the Red
lands reservoir, which commands the district now included in Redlands 
proper. This ditch was paved and partly cemented. It was after
wards rebuilt and relined under the Bear Valley Company agreement, 
and is now operated by the Bear Valley Company. A view of ned
lands canal iR shown on Pl. LXII. 

The reRervoir is located at the end of the Redlands canal and has a 
capacity of 25,000,000 gallons. It was constructed for the purpose of 
regulating the flow and of distributing water to the orchards lying 

• below it. Its construction is_ similar to that of Crafton reservoir, 
described on page 553. 

JUDSON & BROWN DITCH AND BOLEN TUNNEL. 

This ditch derived its water supply from Morton Canyon, which flows 
from 5 to 10 inches in summer, and from a tunnel development below 
the North and South Fork divide at the mouth of Santa Ana Canyon, 
known as the Bolen tunnel. The first tunnel run for this company 
was near the south wall of the canyon. Bed rock that dipped toward 
the center of the canyon was found 9 feet below the surface, and 30 
miner's inches were developed in a total length of 600 feet, or 1 miner's 
inch for each 20 linear feet of tunnel. A second tunnel, h~ving a 
total length of 1,800 feet, with a crosscut to the north wall of the can
you and running under the bed of Santa Ana River, has also been 
constructed. This tunnel began at the mouth of the canyon and runs 
up it. One hundred and thirty miner's inches were originally obtained . 

. At present this tunnel is badly choked, and is carrying only 50 miner's 
inches. 

It will be remembered that the waters of the North and South Fork 
canals are divided at a point near the mouth of the canyon. They are 
then run over its gravel-and- bowlcler bed to its mouth, before their 
diversion to their respective canals, thus passing over the Bolen 
·tunnel, which is but 30 to 45 feet below the water surface. 

From the examples quoted in the discussion of l\1ill Creek develop
ment tunnel for the Mentone Irrigating Company-and other examples 
could be given-it will be seen that there must be practically a diver
sion of the surface water of the stream in order to satisfy the draw of 
130 miner's inches, which was obtained at :first by this tunnel. It is 
estimated that t.he tunnel is run to bed rock, but this is probably incor
rect. It is lined with bowlders, which were at hand, the sides laid in 
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cement and the top and bottom laid dry. The top of the tunnel is an 
arch with about 1~ feet inside radius. It has held well. The tunnel 
is only 3 feet high in the clear, was built without instrumental align· 
mentor grade, and is very crooked. To enter is difficult, if not dan
gerous. It is now flowing 50 miner's inches. 

The cost of the development of this water was at the rate of $156 
per miner's inch for the two tunnels for 160 miner's inches. The amount 
of water obtained in the larger one was at the rate of 1 miner's inch to 
each 14 linear feet of tunnel. 

LUGONIA AND CRAFTON DOMESTIC WATER COMPANY. 

This company was organized to furnish domestic water to the districts 
named. Its water rights were accumulated as it grew by purchases 
from various water companies. In 1R97 they were based on the follow
ing contracts: Bear Valley deeded water, 200.1 miner's inches; Class 
A, Bear Valley certificates, 23.4 miner's inches; Redlands Water Com
pany, 30.0 miner's inches; Class B, Bear Valley certificates, 12.5 miner's 
inches; total, 266.0 miner's inches. · 

This company's works consist of a reservoir near Mentone of 6,500,000 
gallons capacity, and one on Crafton avenue of 700,000 gallons capacity; 
also the following pipe lines: 19,000 feet of 12~-inch, 440 feet of 10-inch, 
13,850 feet of 8~-inch, 47,650 feet of 6-inch, 42,800 feet of 4-inch, 20,735 
feet of 3-incb, 23,175 feet of 2-inch iron pipe. 

:MINOR SYSTEMS. 

At Redlands is located what is known as the Cajon street division 
measuring box, by means of which a considerable portion of the water 
from the Redlands canal is measured out to various claimants. The 
device used presents many points of interest, and is shown in plan and 
section in fig. 196 on page 582. 

The water from Redlands canal enters a bay through a 36-inch 
cement pipe. The structure is made of concrete and is 18 feet in 
length by 12~ feet in width and 5 feet in height. In this is placed a 
screen for catching trash and stilling the motion of the water. Pass
ing through the screen the water approaches a series of weirs, and 
falling over thP.se enters smaller compartments connected respectively 
with the conduits of various water companies. A is that of the Red
lands Water Company; B, the West Redlands Water Company; 0, the 
Mound City Water Company, and D the Barton Land and Water 
Company. AtE are iron gates placed in the bottom of the box and 
used to turn additional water to any consumer when desired. 

One of the chief features of interest is the use of weirs of the form 
designed by Cezare Cippolette for the Italian Government for use on 
the canal Villoresi. The sides of the weir are inclined outward on a 
slope of 4 to 1 or at an angle of 14° from the vertical. By so doing 
the effective length of the weir is constantly equal to the length of the 
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base irrespective of the head of water. One side of each of these weirs 
is made to slide, so that it can be set at auy given length of base. 
The sill of all the weirs being on the same level it results that the. 
amount received by each claimant is proportional to the length of his 
weir. These are all made of thiu iron plate set in concrete. This 
division is reported to be highly satisfactory .. 

The Mound Oity Land and Water Company is an incorporated body. 
Its 13-inch steel pipe line starts at the Cajon street division box and is 
laid in a southwesterly direction for a distance of 6 miles. Its water 
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FIG. 196.-Plan and section of measuring box of Redlands Canal. 

right is based on 250 Olass A, Bear Valley certificates. These certifi
cates, however, have never been transferred to the corporation. 

The Drew pipe line starts from the Cajon street division box and 
runs in a westerly direction to the Drew tract. It is a cement pipe 18 
inches in diameter. Its water right is based on Bear Valley certificates, 
Olass A. There are about 300 acres irrigated under this system. 

The Barton Land and Water Company takes water from the Drew 
pipe line and distributes it on the Barton tract. This water right is 
also based on Bear V a1ley certificates, Olass A. 

The West Redlands Water Company takes its water from the Cajon 



LIPPL...,COTT.] \VATER SUPPLY OF SAN BERNARDINO VALLEY. 583 

street division box, which is supplied from the Bear Valley Redlands 
canal. Its pipe line is 14 inches in diameter and is laid southwest from 
the box to San Timoteo Canyon. This company owns 766 Bear Valley 
certificates, Class A, and .5.71 miner's inches of deeded water. It sup
plies from 700 to 800 acres of land with water. The company is incor
porated. Water is distributed in cement pipes. 

The East Redlands Water Company irrigates 450 acres of land 
between Crafton and Redlands. Its water right is obtained from 214 
Crafton Water Company certificates for 0.14 miner's inch each. It is 
an incorporated company. Its distribution is in cement pipes from the 
canals of the Bear Valley Company and the Crafton Company. 

BEAR VALLEY IRRIGATION COMPANY. 

The Bear Valley reservoir site was first surveyed by Fred Perris, 
for the California State engineer, in 1880. The first person to promote 
actively the construction of the dam was F. E. Brown, a graduate of 
Yale University, who was teaching in San Bernardino Valley at the 
time. Mr. Brown formed a company in San Bernardino, which pur
chased lands in the Bear Valley reservoir site, owned by the Southern 
Pacific Company and others. Construction on the dam was begun in 
1883 and finished in 1884. · 

In 1886 contracts with the North Fork and South Fork associations 
·of Highlands and Redlands, respectively, were entered into after much 
negotiation on the part of the water companies. The reservoir c.om
pany contracted with the North Fork company to supply them with 
water as follow's: June, 560 miner's inches; July, 600 miner's inches; 
August, 600 miner's inches; September, 500 miner's inches; October, 
450 miner's inches; November, 400 miner's inches; or an average sup
ply of 508 miner's inches monthly for six months each year. 

The reservoir company purchased a half interest in the North Fork 
canal, and agreed to pay one-half of the expense of enlarging the sys
tem and operating it. The canal company in return made a tentative 
agreement by which the reservoir company could use its canals for 
one-half their capacity for conveying water to its patrons. 

The agreement with the South Fork ditch or Sunnyside Company 
was to deliver to this canal, at the Sunnyside divide, 466.67 miner's 
inches from May to October, inclusive. ·The reservoir company enlarged 
the canals, and has since operated them, though a failure to comply 
with the contracts will cause them to forfeit all rights. In considera
tion of these ·agreements the canal companies concede all their rights 
on the river to the reservoir company, which is permitted to store 
water an~ regulate it at will. 

The Bear Valley Irrigation ·company was organized by those con
trolling the Bear Valley Land and Water· Company, which constructed 
the works. The new company was incorporated for .$4,000,000, and 
one-half of the stock was paid to the Bear Valley Land and Water 
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Company for its plant. As an evidence of the value of the plant at 
this time, all of the 3,600 shares of the land and water company not 
controlled by the new company were bought in by the parties manag
ing tile sale at $200 per share, which represents a total value of 
$720,000. The new company assumed all of the obligations of the 
old company. 

The remaining stock was put on the market and sold at prices rang
ing from par to $160 per share. The company paid 15 per cent divi
dends on this stock for a number of years, largely from the sale of 
bonds of irrigation districts paid to it for the delivery of water, which 
in large part it has ~1ever supplied. It is scarcely necessary to say 
that a wreck came. The failure of this company bas done more to 
injure arid America in ·general, and irrigation in particular, than any 
otlJer one disaster. It occupied so prominent a position at home and 
abroad, and had been so repeatedly quoted, that its collapse was a 
widespread advertisement for ill. The personal sufferings of the vic
tims from stock and water sales stili haunt the land. Its failure is 
admitted by all to be due, not to the lack of natural opportunities, for 
these were so vast that it made it possible for them to obtain such 
astonishing credit, but to bad management. The company has been in 
the hands of a receiver since 18!.l4. 

The reservoir is a remarkably fine one, having few equals in southern 
California. Following is given a table of capacities with maximum 
heights of water at dam, ranging from 10 to 120 feet, taken from the 
Bear Valley Irrigation Company's surveys: 

Capacities of Bear Valley reservoi1·. 

~h of water at dam. 

~- Feet. 

10- - . - - - - - - - .. - - - - - - - - - -

15.-- ·----- ... ·--- ------

20.---------.- .. --------

25.---------.------.----

30.-------- ------.---.-. 
35 ______ ·----- ----------

40.-----.----.---------. 

45 ... - --------.--.--- --· 

50.-.-------------------

53 . - - - - - . - - - - - - - - - - - - - - -

Capacity. 

Acre-feet. 

14 

52 

159 

411 

1,558 

3,347 

7, 166 

13,:158 

21,139 

b 26,463 

Depth of water at dam. 

Feet. 

~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ -. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I 
I 

60 .. ------ ---· ----------. 

65.--------. ---- ---- ---- i 
70. - - .•...........• - . - - . I 

80 ...... ------------ ---· 

90.---.------- .. --------

100- ------ ---- ------ ----

110- ------ ------ ---- ----

120. ·----· ---· ---- ·-----

Capacity. 

Acre-feet. 

30,010 

34,040 

40,476 

52,428 

65,065 

95,500 

131,100 

171,200 

214,850 

260,836 

ai. acre-foot is equal to 43,560 cubic feet., which is equal to 1 acre covered 1 foot deep, or 7.2 six
month miner's inches. 

b Present capacity. 

The reservoir site is evidently an old lake bed~ the waters from which 
have eroded their way through to Bear Creek. The walls of thenar
row opening are granite. A shallow lake now exists at the extreme 
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eastern end of Bear Valley which might be included in the reservoir 
site by building a dam 120 feet high. The eastern outlet of this lake 
drains toward Mohave Desert, and would in this case have to be closed. 

RAINFALL AND RUN-OFF. 

These subjects are discussed in the general description of Santa Ana 
River, on page 568. The rainfall at the Bear Valley dam, as recorded 
by the company, from September, 1893, to September, 1895, averaged 
53.70 inches, the minimum being 37 per cent and the maximum 176 per 
cent of the mean. A comparison in detail with other local records indi
cates a lack of accuracy in this record. 

The northeastern portion of the basin is exposed to the dry north
western winds, which beat back and absorb the moisture from the rain 
clouds that approach from the southwest. The rainfall of the Pacific 
coast in t.he mountain regions rapidly decreases to the east of the crest 
of the range, but is locally heaviest just beyond the crest. The Bear 
Valley Basin' is peculiar in that while it is on the eastern side of the 
range it drains to the west. '_rhe-result is that while the rainfall record 
just beyond the crest, at the Bear Valley dam, may be 53.70 inches, the 
average during the last five years at Upper Holcomb Valley, which is 
over the divide in the Bear Valley drainage basin, 11 miles east of the 
crest, is 14.09 inches. A comparison based on a record of twenty-seven 
years at San Bernardino indicates a mean rainfall of 15 inches at Upper 
Holcomb Valley. The average for this basin is probably not more than 
40 inches. Based on the record at the dam this would give a minimum 
for the basin of 15 inches and a maximum of 70 inches. 

While it is ditpcult to determine the rainfall of this basin, it is more dif
ficult to determine the run-ofl'. The character of the rains and the way 
the storms are grouped affect the results, as well as evaporation, soil, 
and exposure. The basin is probably second-class in respect to run-off. 
It is largely covered with soil of a porous nature, and there is consider
able vegetation. The mountains are not rugged. The area is 54 square 

· miles. An estimate based upon observations in other portions of the 
State, under conditions somewhat similar, would lead to the following 
conclusions: The maximum run-off ought to be as great as 14,000 six
month miner's inches (280 second-feet), the minimum is probably as low 
as 1,500 such inches (30 seeond-feet), and the mean might be expected 
to be 4,000 such inches (80 second-feet). 

These figures are merely approximations based on other localities. 
The company has compiled this informatwn, but withholds it pending 
certain litigation. 

The present capacity of the reservoir with its dam is about 3, 700 six
month miner's inches. (74 second-feet). The hold-over for minimum 
years should be at least 1,100 six-month miner's inches (22 second-feet), 
which would make available for sale from the reservoir, approximately, 
2,600 six-month miner's inches (52 second-feet), or one-half the sum of 
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a minimum year and the capacity of a full reservoir, from which 
evaporation should be deducted. 

The minimum summer flow of· Santa .Ana River should also be con
sidered. On July 27, 1896, this was 709, miner's inches above the 
junction of Bear Creek, which would probably more than make good 
the loss by evaporation from the reservoir. The latter, which has to be 
considered on reserve water for one and one-half years, has been esti
mated as 15 per cent. The outflow of Santa .Ana Basin during the 
period of drought in .August, 1898, was 2,300 miner's inches. 

The following statement of the obligations of the company for the 
delivery of water is taken from a paper filed with the company by J obn 
G. North, of Riverside, California, on March 7, 1893, at a full meeting of 
the board of directors, protesting against a declaration of a dividend by 
the COID:pany in the fa.c~ of its obligations. 

The amount of water sold by the Bear Valley Company in 1893 was 
as follows: 7,200 Class .A certificates, for .14 miner's inch each, 1,028.57 
miner's inches; 73,875 Class B certificates, for .13 miner's inch each, 
9,209.38 miner's inches; water conveyed by deed (approximately), 539 
miner's inches; total, 10,777 miner's inche~. This supply is for a con
tinuous flow. There was also due the North Fork ditch, of guaranteed 
water, 508 six-month miner's inches and to the South Fork 467 six
month miner's inches, making a total of 11,752 miner's inches in all. 

The certificates referred to are contracts to deliver water, and were 
sold by the company to the irrigators. At this time the company was 
paying 15 per cent dividends on art immense stock issue, and its credit 
was of the best. The protests of Mr. North were in vain, but the sub
sequent history of the company has justified his position. Many of 
the contracts with the irrigators have never been fulfilled, and, as bas 
been said, the company is in the hands of a receiver. 

The rights for this tremendous amount of water were paid for, and 
exist against the company. It has never been clearly understood bow 
this water wa.s to be collected and delivered. The flow of Santa .Ana 
River, from its entire basin of 188 square miles, from July 1,1896, to 
July 1, 1897, was approximate~y 81650 miner's inches, six months' flow • 
.A new dam at Bear Valley, to be 100 feet high, has been started, but 
it is unfinished, and the Santa .Ana canal is not one-third complete. 
Both have been abandoned. It is stated that it was the intention of 
the company to carry the winter waters of Santa .Ana and Mill creeks 
over to San Jacinto Lake, in the Santa Ana canal, which was to have 
a final capacity of 12,000 miner's inches. This consummation at pres
ent seems quite remote. The waters stored in San Jacinto Lake could 
be used at Perris, but not in San Bernardino Valley nor at Alessandro 
and Moreno. A public record of the available water supply would 
have prevented much of the consequent misery and financial loss. 
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BEAR VALLEY DA:\I, 

Bear Valley dam was designed by Mr. F. E. Brown, of Redlands, Cali
fornia,o It has been described by Schuyler in the Eighteenth Annual 
Report of this Survey, Part IV, pp. 682-685. 

The structure, from an engineering standpoint,-is the most interest
ing in southern California. Considered as a, gravity dam, with the 
weight of the masonry alone to resist the water pressure of a full reser
voir, it should have faileJ immediately, but it has not only stood this 
pressure, but also the thrust of a sheet of ice 2 feet in thi-ckness and 
has remained and done effective service for thirteen years (Pl. L"XIIl). 

It is a fact accepted by engineers that when the resultant of two 
forces-the weight of the masonry acting vertically through the center 
of gravity of any cross section of the dam and the pressure of the 
water acting at right angles to its water face and applied at two-thirds 
of the depth on the face-passes outside of the toe of the dam before 
intersecting 'the base, the structure will revolve around the outer toe 
and fail. It is generally considered good practice to require this inter
section to come not only within the base of the dam but within the 
middle third of the base. In the case of this dam this intersection is far 
outside the outer toe and the overturning force is much greater than 
the gravity of the dam. 

In fact, it would seem as if this structure had been built in special 
defiance of orthodox principles of dam construction. It is thus neces
sary to look elsewhere than to gravity for an explanation of its· stabil
ity. When anything proves true in practice which seems u_ntrue in 
theory, the trouble is that the conditions are not sufficiently under
stood to form a complete and correct theory. In this case the explan
ation is sought in the arch form of the dam, the idea being tliat the 
thrust of the water is conveyed to the abutments, as in the case of a 
vertica.l stone arch. The difficulty in . accepting this explanation is 
that the vertical arch performs its duty by the crown being com
pressed enough to change its form slightly, so that the compression of 
the masonry conveys the load to :the abutments. In the case of this 
dam, which is on its side as compared to the vertical arch, its lower 
side, or rather the foundation of the dam, is sealed to the bed rock of 
the canyon floor, and to move it is to break this connection, which 
would at once cause the dam to fail. The question has been the sub
ject of a great deal of discussion by many eminent engineers, the 
conclusions being greatly at variance. The technical reader is referred 
to a paper concerning this darn, read by Herbert Vischner and Luther 
Wagoner before the Technical Society of the Pacific Coast, t and for a 
description of the Sweetwater dam near San Diego, to a paper by 
James D. Schuyler, consulting engineer, in the Transactions of the 
.American Society of Civil Engineers.2 

1 Strains in cnrved and masonry dams, by H. Vischner and L. Wagoner: Tech. Soc. Pac. Coast. 
November 1, 181!9. 

2 Vol. XIX, p. 20L 
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The conclusions are rlifficult to reach. The arch apparently can not 
act at. the base of the dam, because that can not and should not mov£>, 
and it can only so act on the upper portion of the dam as the elasticity 
of the masonry will permit. Considered in this way, the strains must 
in large part be taken up and transmitted to the foundations, as well 
as to the abutments. The paper by Messrs. Vischner and Wagoner 
reaches this conclusion : 

The result of our calculation leads us to conclude that arch action, as usually 
understood, adds but little to the strength of a curved darn, notwithstantling which 
the curved form may to a very marked degree afford additional resista.nce, and this 
in a manner less dependent on the radius of the curve than the arch theory implies. 

The dam has never been considered satisfactorily safe. In fact, the 
only reason assigned for its frail section was the cost of cement at 
the dam, $15 per barrel, on account of the 70-mile mountain haul. 
The masonry is granite rubble in large blocks. There are 34,000 cubic 
feet of masonry and 1,600 barrels of cement in the structure. The 
masonry cost $22 per cubic yard, with a total cost of $75,000. 

The outlet is through a gate 20 by 24 inches in a culvert on bed rock 
in the lowest portion of the depression. It is operated by a rod through 
a 6-inch pipe. .....\.II of the timber was left standing in the reservoir and 
bas given much trouble, among other things interfering with the opera
tion of this gate. The spillway is 8.5 feet below the top of the dam and 
is 20 feet wide. 

Several efforts have been made to strengthen the dam; the fill seen 
in Pl. LXIII being one of them. Concrete has also been used to 
strengthen the foundations. In 1892 a new dam was started about 200 
feet down the canyon from the old one. The new dam was planned to 
be 100 feet high; the top would then have been 20 feet or more above 
the old one. This dam had its upper toe of first-class masonry built 
on bed rock. ·The lowest toe is built in a similar way, as shown in 
Pl. LXIII. The remaining portion of the dam was to be built dry, 
one-third of the bulk on each face to be laid up by hand dry, and the 
inner two-thirds to be of dumped rock in whatever form they might 
assume. The slope on the water face was 0.4 to 1 and on the outer face 
0.6 to 1. Timbers were so built in the upper face as to permit of put
ting on a plank apron. This dam was designed by William Hammond 
Hall, consulting engineer, but the financial affairs of the company 
prevented its completion. 

DIVISION OF WATER. 

In the discussion of the North and South Fork ditches the arrange
ments for the division of water are treated at length, as is also the 
Alessandro allotment {see pp. 573-583). The following is a summar·y of 
the distributing conduits of the company: 

NORTH·SIDE SYSTEM. 

llo'rth Fork ditch (capacity, 1,500 miner's incbes).-Beginniug at a 
point at or near Santa Ana Canyon in the SW. i sec. 4, 'I'. 1 S., R. 2 
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BEAR VALLEY DAM, CALIFORNIA. 

Foundations of incomplete dam in foreground; in background , the old dam, with material thrown against it to add strength. 
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W., and running in a northwesterly direction along the base of the 
mountains to a point west of City Creek on the south line of sec. 28, T. 
1 N., R. 3. W.; thence to the southeast corner of sec. 29, T. 1 N., R. 3 
W., having a total length of 8 miles. 

The Beaver Valley Compauy owns an indivisible half interest in this 
ditch, and the right to run oQe-half the capacity, namely, 750 miner's 
inches. 

Highlands ditch (capacity, 1,500 miner's inches).-Beginning at a 
point near the North Fork ditch in the NW.! sec. 34, T. 1 N., R. 3 W., 
and running in a northwesterly direction along the base of the moun
tains to a point near the west line of sec. 19, T. 1 N., R. 3 W., having a 
length of 4 miles. 

North San Bernardino pipe line (capacity, 1,400 miner's inches).
Beginning at the end of the Highlands ditch .at a point near the west 
line of sec. 19, T. 1 N., R. 3 W., and r·unning west to the northeast 
corner of North and San Bernardino streets, having a length of 2 
miles;. thence south 1 mile. 

SOUTH·SIDE SYSTEM. 

Green Spot pipe line (capacity, 455 miner's inches).-Beginning at a 
point on Santa Ana River in theN. ~ sec. 4, T. 1 S., R. 2 W., and run
ning southerly to a point on the Mill Creek zanja in the SE. £, sec. 21; 
T. 1 S., R. 2 W., having a length of 3! miles. 

Bear Valley and Rerllands canal (capacity, 3,300 miner's inches).
Beginning at a point near the south of Santa An,a Canyon in the NE. ! 
sec. 8, T.l S., R. 2 W., and running in a southeasterly direction through 
the town of Mentone and continuing in the same general direction to 
Redlands reservoir at the bead of Reservoir street in the city of Red
lands, having a length of 51 miles. 

Cajon street pipe (capacity, 600 miner's incbes).-Beginning at the 
Redlands reservoir at the head of Reservoir street in the city of Red
lands, thence southwesterly to the divide at the bead of Cajon street 
in the city of Redlands, having a length of one-half mile, and consist
ing in part of 1,900 feet of 30-inch cement pipe and 900 feet of 18-inch 
No. 14 steel pipe. 

Judson & Brown ditch (capacity, 550 miner's inches).-Beginning at 
a point in the Bear Valley and Redlands canal, about one-fourth of a 
mile below the head of the same, which point is situated in the· SE. ! 
8ec. 8, T. 1 S., R. 2 W., and runuing in a southeasterly direction west 
of the Bear Valley and Redlands canal to a point in said Bear Valley 
and Redlands canal about 800 feet southeastly from the sycamore tree 
near the Sunnyside divide, which point is in the :NE.-! sec. 19, T. 1 S., 
R. 2 W., having a length of 2! miles . 
. Lugonia avenue pipe line (capacity, 1,000 miner's inches).-Beginning 

at a point on the Bear Va11ey and Redlands canal at the crossing of 
Lugonia avenue in the town of Mentone and running west along said 
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Lugonia avenue to a point in the center of the Williams tract, which 
point is the center of sec. 20, T. 1 S., R. 3 W., having a length of 4.Z 
miles. 

Santa Ana canal (present capacity, 6,000 miner's inches).-Beginning 
at a point on Santa Ana River which is located in the NE. i sec. 34-, T. 
1 N., R. 2 W., thence southeasterly along the southeastern slope of 
Santa Ana Canyon, crossing Warm Springs Canyon and continuing to 
a point on the ridge north of Deep Creek, thence southerly and south
easterly, crossing Deep Creek, Morton Canyon, and Mill Creek wash 
at the head of the Alessandro pipe line, which point is located in or 
near the center of theN . .Z sec. 22, T. 1 S., R. 2 W., having a length of 
5.Z miles. 

Alessandro pipe line (capacity, 875 miner's inches).-Beginning at 
the end of the present construction of the Santa Ana canal on the 
south side of Mill Creek wash, which point is located near the center 
of the N~ .Z sec. 22, T. 1 S., R. 2 W., thence southwesterly along the 
slopes of Crafton Hill through Blair's Pass, crossing Yucaipe Valley 
and Live Oak and San Timoteo canyons and continuing to the north end 
of the Alessandro tunnel, which point is located in the NE. ! sec. 26,_ 
T. 1 S., R. 3 W., having a length of 9.7 mi1es. 

ALESSANDRO AND PERRIS SYSTEM. 

Moreno main canal (capacity, 1,500 miner's inches).-Beginniug at 
the south end of the Alessandro tunnel, which is in the SE.! sec. 26, 
T. 2 S., R. 3 W., running thence southeasterly to the Alessandro res
ervoir, which is locateu in the NW.! sec. 36, T. ~ S., R. 2 W., at the 
head of the Redlands boulevard of the Alessandro tract, having a 
length of one-half mile. 

Redlands boulevard flume (capacity, 700 miner's inches).-Beginning at 
the Alessandro reservoir at the head of Redlands boulevard and run
ning thence south along said boulevard to the head of the Redlands 
boulevard pressure pipe) which is· about 200 feet north of Hemlock 
avenue, having a length of 1 mile. 

Redlands boulevard pressure pipe (capacity, 500 to 50 miner's inches).
Beginning at the head of the Redlands boulevard flume on Redlands 
boulevard at a point about 200 feet north of Hemlock avenue and run
ning thence south along said Redlands boulevard through the town of 
Moreno to Cactus avenue, which is the south boundary of the Alessan
dro tract at this point, having a length of 2:! miles. 

JJ!anzanita avenue ditch, flume, and pipe (capacity, 300 miner's 
inches).-Beginning at a point in the Moreno main canal at or near 
Manzanita avenue, running thence west and southwest. 

Ironwood avenue flume and pipe (cavacity, 200 miner's inches).
Beginning at a point in the Redlands boulevard flume on Ironwood 
avenue, thence east along said Ironwood avenue to the northeast cor
ner of lot 4, block 9, of the Alessandro tract, thence southeasterly to 
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the northeast corner of lot 8, block 32, of said tract, having a length of 
1:! miles. 

Grevilla flume and pipe (.capacity, 650 to 400 miner's inches).-Begin
ning at a point on Redlands boulevard at end of Redlands boulevard 
flume, about 200 feet north of Hemlock avenue, thence southwesterly 
to and along Grevilla avenue to a point on Lassen street, about 200 feet 
north of Grevilla avenue, thence northwesterly to a point near the 
schoolhouse on the corner of Judson street and Ironwood avenue, 
having a length of 4! miles. 

Grevilla avenue temporary flume (capacity, 200 to 100 miner's inches).
Beginning at a point on the Grevilla avenue flume and pipe line on 
Morrison street, thence westerly to and along Grevilla avenue to Judson 
street, having a length of 1-2- miles . 

. Cottonwood avenue pressure pipe (capacity, 300 to 150 miner's inches).
Beginning at a point on the Redlands boulevard pressure pipe at the 
intersection of Eucalyptus avenue and Redlands boulevard, running 
thence southwesterly to the corner of Cottonwood avenue, making a 
slight detour to the south at Oliver street, to a point on· Cottonwood 
avenue 660 feet east of Lassen street, having a length of 6 miles. 

Oliver street pressu,re pipe (capacityunknown).-Beginning at a point 
in the Cottonwood avenue pressure pipe on Oliver street and running 
south along Oliver street to or about the south boundary of the Ales
sandro tract, paving a length of 2 miles, more or less. 

Perris pressure pipe (capacity, 420 to 210 miner's inches).-Beginning 
at the end of the Grevilla avenue :flume and pipe at a point near the 
schoolhouse at the corner of Judson street and Ironwood avenue, thence 
running southwesterly to the corner of Alessandro boulevard and 

. Elsworth street, thence south along Elsworth street through the town 
of Alessandro to the Perris well, at the head of wooden pipe, which is· 
located near the quarter corner on the south line of sec. 35, T. 3 S., R. 
4 W., and being on the dividing line between the Alessandro and Perris 
districts, having a total length of 7 miles. · 

Distribution system, Alessandro district.-A lateral system of conduits 
composed of vitrified cement and steel pipe, :flumes, and ditches aggre
gating in length over 75 miles and covering about 10,000 acres of land, 
with delivery at the highest point of each 10-acre tract. 

The townships and ranges referred to in the above statements are 
all from the San Bernardino base and meridian, and the streets and 
avenues noted in the description of the Alessandro and Perris system 
are those of the Alessandro tract. 

Where water is distributed to the irrigators in pressure pipes ~nd it 
is necessary to measure. it as delivered, some device for stilling the jet 
before passing the water over a weir is needed. To meet these condi
tions, Mr. James Black designed, for the Lugonia avenue pipe line at 
Redlands, California, the measuring box shown in fig. 197. The water 
is discharged from the pipe against the end of the box away from the 
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weir, and is passed through two compartments through openings but 4 
inches wide, shown at a, b, before entering the third compartment, 

V£Rr/cAL. .S&cr/O/V 

·····0····· 

HoR/zoNrAL . s.ecr/o/V 
FIG.197.-Vertical and horizontal sections of measuring box for 4-inch pressure pipe on Lugonia 

avenue pipe line. 

which acts as the weir bay, from which it passes quietly over the weir. 
This is a simple and satisfactory arrangement. 
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Numerous details of interest are to be found in the method of distri
bution of water from the various canals and pipe lines taking water 
from the system of the Bear Valley Company. These matters have been 

s' z" 

FIG. 198.-Check used on Bear Valley canals where water has low velocity. 

discussed in part on pages 555 to 559, with the description of the· crafton 
system. The various forms of "stops," by which the height of the 
water flowing in a canal can be temporarily increased for diversion 
purposes, are shown in figs. 198 199, and 200. The purpose of these 

,<a .., 
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FrG.l99.-Check used on Bear Valley canals where water has a velocity of from 4 to 8 feet per second. 

stops or checks is to raise the elevation of the water in the canal tem
porarily from its ordinary height, so that it will flow over weirs con
nected with the sides of the canal and leading to orchard laterals. 

19 GEOL, PT 4--38 
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· Tbe check shown in fig. 198 is used where the canal has a low velocity, 
permitting the llandling of flash boards. When desired the frame shown 

~~--::~cs"~ 
I I 
I 

FIG. 200.--Chcck used on Bear Valley canals where water bas high velocity. 

FIG .• 201.-Plan of weir used in measuring water from the orchard laterals. 

~ ., 
I 

_j_ 

is lowered in grooves vertically and enough :f:lashboards inserted to 
raise the water to the desired height. 
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The forni illustrated by fig. 199 is used where the velocities are as 
high as from 4 to 8 feet per second. In this case the gate is held by 
l-inch iron rods, which are hinged at a and rigid at b. The hinges a 
are fastened to a timber laid across the canal. When the canal is 
nQrmal the gate is lifted entirely from the water. When it is desired 
to raise- the elevation of the water for diversion purposes the gate is 
dropped into, the canal, where it acts as an inclined weir, the weight of 
the passing water holding it down in position. The hinged rods permit 
it to be easily lifted out of the water when desired. 

Fig. 200 shows a check which is also· used in canals of high velocity. 
In this case a heavy wire or chain, a, is substituted for the iron rod of 
fig. I 99. .A. lever, b, is attached to the check or gate to which a rope, c, 
is fastened. When not in use the 
cl1eck is laid on the side of the canal. 
vVben put into service it is placed in 
the canal, where it at first floats. 

By drawing on the cord, c, the lower 
end is given a downward .inclination 
and the passing water forces it to the 
bottom of the canal. The elevation 
of the top of the check is regulated 
by drawing on the cord, which is then 
tied to a post set in -the bank of the 
canal. When the cord is untied the 
gate again floats on top of the water 
and is readily removed. This form 
of check in high velocities is liked 
best by the ditch tenders. 

Fig. 201 illustrates one method of 
measuring the water. B.y means of 
checks in the canal the surface is 
raised until the water flows out 
through an opening in the side of 

FIG. 202.-Elevation and section of .,Vatson 
irriga.ting gate. 

the canal, which in this caRe is 10 inches in diameter. It is discharged 
into a rectangular compartment containing a screen to remove any float
ng sticks or weeds. The water passing through this screen acquires a 

eomparativelyuniform velocity, the wave motion being checked. From 
-the screen it passes over a sharp-edged weir, upon which the height 
can be accurately measured and the quantity determined by suitable 
computation. Falling over tlle weir the water passes into a smaller 
compartment aud out to the irrigating ditch through a 10-inch outlet. 

One of the most urgent demands of the modern irrigation systems is 
for some form of module to take the place of the weir just described 
and which shall be free from the irregularity to which this is neces
sarily subject. An irrigating gate made in Santa Ana, Oalifornia, and 
shown in fig. 202, has been found successful. 
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This is raised or lowel'ed to the desired height by the standard trav
eling in the guide shown on the cross section. 

The valve has a rubber gasket that bears on the valve seat, making 
a tight joint. There is an eccentric fast on the shaft, which when 
turned tightens or relieves the bearing of the gate on its valve. The 
handle is turned as in the case of a railroad switch stand, and it may be 
locked in place. It turns the shaft, but is raised and lowered on it for 
locking: The gate is set with a discharge pipe leading to a weir and is 
adjusted so that the desired head is obtained. 

ALESSANDRO IHRIGATIO:X DISTRICT. 

In the spring of 1891 the Bear Ya11ey Irrigation Company, whieh had 
just been organized and had bought all of the plant of the Bear Valley 
Land and Water Comp;tny, in return for stock, made arrangements 
with certain parties residing or to reside upon the land known as the 
Alessandro tract to act as trustees of an irrig-ation district to be formed. 
There were very few voters in the district, which contaius 25,500 acres 
of laud, but an election was held, the irrigation district organized, and 
a board of directors cJJ.osen of men either in the employ of the Bear 
Valley Irrigation Company or under its control. The Bear Valley Irri
gation Company then voted an issue of 100,000 ''Class B acre water
right certificates," each certificate being an agreement on the part of 
the Bear Valley Irrigation Company to supply the holder 0.13 miner's 
inch of water, measured under a 4-inch pressure, two hundred days in 
the year, provided the holder paid $2.56 per annum to the company as 
a fixed charge. Through the board of directors above mentioned the 
Bear Valley Irrigation Company made_an arrangement by which it sold 
to the Alessandro irrigation district 51,000 of these certificates for the 
total sum of $765,000 in bonds of the district. 

This water was to be delivered as fol1ows: 
Miner's inf'hes. 

June 1, 1891.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 
Aprill, 1892 .... _ ........................................................... 1, 250 
April1, 1893 ................. -,- ............................................. 2, 000 
April1, 1894 ........................................................ ·_... . . . . 2, 750 
Aprill, 1895 ................................................................ 3, 500 
April 1, 1896 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 250 
April1, 1897 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 000 
Aprill, 1898 .................................. __ ............................ 5, 750 
April 1, 1899 . _ ............................................................ _ . 6, 375 

These bonds were issued by the district pursuant to an election 
called for the purpose of voting such bonds, and _with the end in view 
of exchanging them for Class B acre water-right certificates. The bonds 
so exchanged for certificates comprised the whole issue for the district, 
amounting to $30 per acre upon the entire district. These lands were 
then sold to colonists. 

These bonds were taken by the company and sold or pledged, but 
tbe proceeds, instead of being directed to the construction of a water 

/ 
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conduit to convey the water from the reservoir to the district, or in 
providing increased storage capacity, were· used in paying dividends 
upon its capital stock, the price of which rose as high as $160per share. 
The par value of these shares was $100. More than $750,000 was thus 
paid out in dividends. In 189_4, under a judgment in the case of James 
Gilbert Foster v. Bear Valley Irrigation Company, a receiver was 
appointed, and the property ".,.as eventually sold, the purchaser taking 
the property subject to a mortgage or deed trust for $300,000 to the 
Savings and Trust Company, of Cleveland, Ohio, and subject to the 
receiver's certificates which bad been issued under order of the court 
during the receivership, and which were held to be a first lien upon the 
property. These certificates amounted to about $121,000. 

In September, 1895, the Savings and Trust Company, mortgagee, and 
also holder of the receiver's certificates above mentioned, brought suit 
in the circuit court to foreclose the liens of the mortgage and tlJe 
receiver's certificates. Under this foreclosure suit a new receiver was 
appointed, the old receiver having conveyed to a new corporation, 
know:n as the New Bear Valley Irrigation Company, the title to the 
property subject to the liens aforesaid. 

The new receiver under mortgage foreclosure has held the possession 
of the property since the beginning of the present action in foreclosure. 
In the meantime the residents of the Alessandro irrigation district are 
using the water which they receive to the maximum amount of about 
700 or 800 miner's inches, and which is conveyed to them through a 
pipe line o~ that capacity from the Santa Aua Canyon, about 20 miles 
distant. During the summer of 1898 less than 100 miner's inches was 
delivered to these lands. The district is called upon by the holders of 
the district bonds to pay interest in full on the entire bond issue, as the 
present holders are innocent purchasers. 

Relying on a decision of Judge Ross in the United States district 
court, at Los Angeles, in the case of the Board of Supervisors of San 
Diego v. The San Diego Land and Town Uompany, which decision held 
that no company can sell water, but can charge ouly for its transfer, 
the present management proposes to repudiate the water contracts 
represented by its water certificates. It also takes the position that it 
can not be required to operate its plant at a loss, and in 1896 fixed as 
a reasonable compensation a charge of 37 cents for a run of 1 miner's 
inch for twenty-four hours, which at 0.25 miner's inch per acre for two 
hundred days would cost the irrigator $17.50 for the season. During 
the summer of 1897 the charge was fixed by the company at 20 cents, 
which would amount to $10 per acre. The district has asked the 
supervisors to fix the rate for the use of such water in accordance with 
law. The rate bas been fixed and the users are in litigation with the 
receiver upon the matter, the receiver seeking to co11ect a higher rate 
than that fixed by the supervisors. 

The settlers within the district have over 3,000 acres of land planted 
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and cultivated in fruit, and were also makiug a success of the horticul
tural industry. The district would be one of the most thriving and 
prosperous settlements in Oalifornia were it not for the handicap wl.Jich 
they labor under in the matter of the district organization, the bond 
issue which they are n9w fighting in the courts, and the water compli
cations, which bid fair to furnish abundant litigation for some time to 
come. 

The above facts are not related for the purpose of making public a 
record that should be burieq, but for the lesson .to be learned. The 
Alessandro and Perris districts were formed under the celebrated State 
law known as the Wright Act, the constitutionality of which has been 
upheld by the United States Supreme Court. There are other cases of 
like nature in California, showing the great need of protection to the 
purchasers of laud and water. 

SANTA AN A CANAL. 

The Santa Ana canal was designed to carry the waters of Santa 
Ana River and its main tributary, Bear Creek, as well as the waters 
turned into the latter stream from the Bear Valley reservoir in times 
of scarcity, to the lands of the ,Perris and Alessandro districts, some 15 
miles from t.he head works of the canal. When this work was started 
a line of steel pipe of a capacity of 900 miner's inches had already 
been constructed from Alessandro to Mill Creek, U.7 miles of the 
d~~nca • 

The capacity of this canal was fixed at 12,000 miner's inches (240 
second-1eet), but the main portions of the conduit were constructed for 
a capacity of only one-half of this, or 120 second-feet, with the idea 
of afterwards enlarging it. It was not supposed that Santa Ana 
River and its tributaries would furnish a constant supply of 12,000 
miner's iuches, but it was intended that the conduit would serve to 
carry the surplus waters of the rainy season to suitable reservoirs, 
where the water could be stored and distributed to. users when needed 
in the summer and fall mouths. Bear Creek has a large reservoir near 
its head waters-the Bear Valley reservoir, described on })age 583, wi.th 
a present capacity of 26,463 acre-feet, or 3,6i5 miner's inches, not 
irwluding evaporation. 

Sauta Ana River proper bas uo storage reservoir, and as it has 188 
square mi1es of drainage basin above the Lead of the Santa Ana 
canal there is uecessarily a great deal of water that runs to waste 
nearly every year during tlle winter anrl spring months. It is proper 
to mention in this connection that a small reservoir site was surveyed 
and work commenced on the outlet tunnel for tlle purpose of storing 
the water of Santa Ana River, but ou account of the financial embar
rassment of the company this work was never finished. In tact all 
construction work was stopped, and the Santa Ana canal was turned 
iuto a temporary conduit to conduct 900 miner'~ inches of water from 
the river to the Alessandro pipe liue. 
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A. 

B. 

SANTA ANA CANAL, CALIFORN IA. 

A, Temporary headworks; B, Connection between tunnel and flume. 
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This reservoir would necessarily have been a regulating one, as it 
bad a very small capacity for a very high and expensive dam. In 
other words, it would ne~er have paid as a simple storage reservoir,
but in case Santa Ana River and Bear Creek were flowing for a few days 
more than the Santa Ana canal could carry some of the surplus water 
could have been held in this reservoir until the discharge of the stream 
bad fallen below the capacity of the canal, and in this way the reser
voir might have been filled and emptied several times during the year. 

The Santa Ana canal, which bas been completed for only about 6 
miles, offers some valuable lessons to the engineer, not only by the 
excellence of the work done in some places, but by its weak points in 
others. 

FIRST DIVISION. 

The first division of the Santa Ana canal for about 3 miles consists 
of tunnels, flumes, and pressure pipes, being located on the rocky, steep 
side of the Santa Ana Canyon. The design for the permanent head
works of the canal provides for a low crib weir, or overflow dam, cross
ing the canyon from wall to wall and built upon the natural bowlder of 
the stream. A sluice gate is to be constructed on the left bank that 
will maintain the channel of the river on that side of the ca.nyon and 
which when closed will raise the water to such an elevation as to com
mand entrance through the gates shown on the right-hand side of Pl. 
LXIV, A, into a fore bay, and thence through the head works tunnel cut 
through the rock to the canaL Regulation will be acco:r,nplished by 
means of entrance gates, shown on the right of the plate. At present, 
diverson of water is made by means of a bowlder dam and wooden gate 
into a rock-lined canal leading to the headworks tunnel, the gates on 
the right now acting as regulators. 

The river falls rapidly throug·h the canyon; and as the canal does not 
h·ave in any place a greater grade than 10 feet per mile, it results that 
at the place where the canal leaves the canyon it has an elevation of 
300.feet above the water of the river. It then crosses Deep Creek with 
a wooden pressure pipe, as shown in Pl. LXVI, B; thence through a 
long tunnel to Morton Creek, with similar pressure pipe, and thence 
through a short tunnei to the mesa lands between Santa Ana River 
and Mill Creek, where the section is changed to a masonry-lined canal. 
This, with the exception of a few short flumes and the Mill Creek cross
ing, is the form maintained for the remainder of the conduit .. 

FLUlUE. 

The first and most noticable feature in the canyon is the flume. It 
is made of 1~-inch redwood staves, about 6 inches wide, is of circular 
form on the bottom, and bas vertical side~:; about 12 inches deep at its 
120-second foot capacity. It is 5~ feet wide in the clear on the top, 
and about 3 feet 3 inches deep in the center. A good view of this 
flume can be had in Pl. LXIV, B, taken from a photograph showing 
also the inside of a lined tunneL 
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The flume is supported every 8 feet by aT iron, bent to t.he shape of 
the outside of the flume, and· held from spreading by a wooden yoke 
on top. This T iron rests on a wooden sill cut to fit it, and this sill in 
turn rests on three concrete footings molded on the solid rock of the 
flume bench, and when softer material on the bench is encountered, on 
suitable midsills of California redwood, which bas valuable lasting 
qualitieR in contact with earth. The staves are also held in place by 
~-inch iron rods, two between each two T irons, so as to bring the weight 
of the water and the curved part of the flume itself between the foot
ings on the vertical sides. These rods are bent to the shape of the 
flume and pass through wooden crosspieces on top. On tangents the 
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FIG. 203.-Section of combination iron ancl wood flume. 

staves are 16 feet long, and on curves 8 feet, the minimum radius being 
65 feet, the staves in all cases abutting ,on the center of the T-iron 
frames. ' 

This is a fairly good arrangement on tangents, but the greater por
tion of the flume had to be built on very sharp curves to save tunnel
ing and heavy excavation, and on curves it is not so good. During 
the construction of the flume a very interesting point was raised. In 
order to counteract the piling up of the water from the centrifugal 
force due to the velocity of the water rounding the curves, the outer 
concrete footing was elevated and the inner one depressed in propor
tion to the degree of the curve. The result was that, as the staves 
were rigid and could not well be twisted, the abutting joints could no 
longer be cut in vertical planes, and every stave had to be cut and 

• 
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SANTA ANA CANAL ON THE MENTONE BENCHES, CALIFORNIA. 

Showing flume supported on a trestle . 
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fitted by hand. If these concrete :fittings bad been level across, and 
the joints consequently in vertical planes, a miter machine would have 
saved considerable labor in the cutting of the staves. Such a machine 
was constructed, but could not be used. 

The curved part of the flume, as shown in the cross section, fig. 203, 
was made in the shape of a three-centered arch, apparently with the 
idea of giving it a broader base. It would, however, have been very 
much simpler iu cutting and fitting the staves if all of the parts had 
been of one circle instead of two. 

The flume could have been reduced in width from 5 feet 6 inches to 5 
feet 2 inches and had a semicircular bottom without practically increas
ing the amount of lumber· or greatly lessening its hydraulic mean 
radius. The area of the full cross section as built is 15.5 feet, and 
when :filled within 3 inches of the top of the sides the area of cross 
section of the water is 14.1 square feet, the wetted perimeter is 9.5 feet, 
and the hydraulic mean radius 1.48 feet. A semicircular flume :filled 
within 3 inches of the top would have a cross-sectional area of water 
of 14.2 fe~t, a wetted perimeter of 9.57 feet, and the same hydraulic 
mean radius, the height of the flume being 3 feet 7 inches instead of 3 
feet 3 inches. This latter would have been a better shape for tightening, 
as it is evident that the flatter the curve at the bottom the more difficult 
it is to make the joints tight. It would also have simplified the stave 

. cutting and handling, and the flume could have been made just as firm 
on its foundations as the present one, with a slight saving of lumber in 
the yokes and sills. 

This flume has many advantages over the ordinary, old style, square, 
wooden flume, and it has some weaknesses, which time and adverse 
conditions have brought out very clearly. The greatest advantage 
that can be claimed for it is that there is not a single nail in the flume 
proper f.rom end to end. Again, it can be tightened by screwing up 
the nuts on the rods which pass around the staYes and through the 
wooden yoke on the top. It is a good shape, giving a large hydraulic 
mean radius .. It bas comparatively few places where the wooden sur
faces come in contact with each other, thus adding much to its life. 

Its weaknesses may be enumerated as follows: It has a great many 
longitudinal joints, thus increasing the liability to leakage. Its butt 
joints, for every 8 feet on curves, are all in the same vertical plane, or 
nearly so, thus rendering it weak in the case of a slide coming against 
it from the inside of the curve. The method of tightening at the T 
irons, as shown in fig. 203, by straps and wedges passing above plates 
resting on the yoke, is not so effective as that of using simple nuts and 
threaded bolts as in the intermediate binders. Loss results from the 
great expansion and contraction that takes place in what is practically 
a surface of about 10 feet wide with 18 joints, when the tlume is alter
n~tely wet and dry, and from care and attention needed to keep it 
tight. 
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The unusual shape of the lumber used in its construction is objec
tionable, every stave having a bead a.bo.ut one-eighth of an inch in 
diameter running along the side where it joins the next one. In case 
of extensive repairs it is necessary to have a grM.t deal of this lumber 
in stock or else have it manufactured by especial order. An examina
tion of the flume at present reveals a great number of leaks in the 
longitudinal joints, on the canal division, where there are several can
yons crossed by flumes supported on trestle work. These leaks are 
caused by turning water which bears sand and fine gravel into the 
flume after it has been empty for s~ver·al days without first cinching 
up all the binders. 

Four to five days in the sunny climate of southern California is suffi
cient to thoroughly dry the staves and cause so much contraction of the 
wood as to open tbe joints and practically sever the connection of the 
staves at the bottom of the flume with those on the side, which are 
their natural support when the binders are tight. The consequence is 
that when the water is turned into the dry :flume the staves in the bot
tom, which are only li inches thick in the direction of the weight, are 
deflected in the middle of the 8-foot lengths, the ends of which rest on 
the T irons, and the water rushes through the joint, carrying sand and 
small gravel with it. This is caught in the opening by the little bead, 
and there it remains, thus keeping the joint open and preventing the 
flume from being made tight again by cinching, unless it is taken apart 
and all of t.!Je sand and gravel removed. This would be a tedious and 
inconvenient operation, necessitating the recalking and asphalting of 
the vertical joints. 

The bending of the lower staves gives the appearance of weakness 
to the flume, and leaking has been attributed to this cause by some who 
have not understood the design of tlte intermediate binders. When 
these are kept tight the weight of the water in the 8-foot joints is car
ried by the vertical side of the flume, but when these are allowed to get 
slack the strength of the .tlume as a gir<.ler is destroyed, and leakage 
and distorted, bent, and broken staves are the result. The financial 
affairs of the Bear Valley Company have been in such a condition since 
the flume was built that it has had very little attention. It seldom, if 
ever, has Lad more tbanl,OOO miner's inches of water running in it, aud 
it is safe to say that fully 15 per cent of the water turned in at the head
works never reaches the lower end of the canal, where the connection is 
made with the Alessandro pipe line. 

There is difficulty in making a tight joint where the butts come 
together over the T-iron frames without interfering seriously with the 
flow of water in the flume. As arranged at present, these joints are 
calked with oakum and plastered over with asphalt. This work was 
carefully and well done, taking everything into consideration, but it is 
impossible to make this kind of a joint. without leaving a, little ridge 
of asphalt clear around the flume at every joint. This might not at 
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first sight appear to affect the flow of water very much, but it appar
ently does lessen the amount which the flume was calculated to carry 
36 per cent on an average for d'epths not exceeding 15 inches. 

·The following measurements of actual velocity have been made care
fully by meter, and the calculated amounts are placed beside them to 
show the difference in each case: 

Comparisons of calculated and actztal capacities of Santa .Ana Canal jlnme. 

Hydraulic 
Depth at Wetted radius Velocity per Calculated Actual ca-.A..rea. (area di-center. perimeter. vided by second. capacity. pacity. 

perimeter). 

inches. Square feet. Linear feet. Feet. Feet. Second-feet. Second-feet. 

14t 4.26 5.75 0.74 5.45 23.25 12.19 
12t 3.43 5.33 0.65 5.20 17.83 13.31 
lOt 2.75 4.91 0.56 4.60 12.65 9. 78 
12t 3.63 5.38 0.67 5.25 19.06 9.66 I 

I 

l__i' 2.75 4.91 0.56 4.60 12.65 

~ 4! .... -..... -.. ... .. ... - ..... -.- . -.. -............. 3.37 23.76 0 

Tue value of n in Kutter's formula was assumed as 0.01, being a fair 
a~surnption for planed lumber, but the above measurements show that 
all the conditions were not taken into account, because from the actual 
velocity the value of n would be nearer 0.015. 

This is mentioned simply as an example of the difficulty in making 
practice agree with theory for even the most careful engineers. Great 
care was taken with the meter measurements. 

WOODEN PRESSURE PIPE. 

The next features of this work that attract the engineer's attention 
are the pressure pipes, of which there are 3, all 52 inches inside cliam
eter and made of red wood staves bou11d with :five-eighths-inch steel 
rods, with specia~ castings of malleable iron, into which the rods are 
connected and tightened by nuts and screws on their ends. The dis
tance between the binding rods is proportioned to the pressure that 
the pipe ba.~ to bear, with a factor of safety of 4. 

The first of these vipes is at the crossing of Warmspriugs Canyon. ·~ 

It is 540 feet long and undP.r a pressure of auout 25 pounds to the 
square inch in its lowest part. The Deep Creek pipe js 908 feet long, 
and under a pressure of 67 pounds to the square inch in its lowest part. 
The Morton Creek pipe is 680 feet long, and bas the same pressure as 
that at Deep Creek. 

These pipes are made of clear straight-grained redwood staves about 
6 inches wide, varying from 2 to 2~ inches in thickness, and of various 
lengths, as the butts are intended to break joints. The butt ends are 
connected with au iron dowel about .g. by 1~ inches by the width of the 
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stave, let into saw kerfs three-fourths of an inch deep, in the ends of 
the butting pieces. This makes a very effective and tight joint, there 
being absolutely no leaks from the butt joints ou any of the pipes of 
this work. The pipe is partly cinched up, and the staves are then 
driven tightly home, longitudinally, with a 12-pound maul, each stave 
being so driven. 

In the first wooden-stave pipes made on the Pacific coast wooden 
dowels were used, but it was found that the swelling of the dowel as soon 
as water was turned into the pipes split the redwood and caused many 
leaks. Later methods of cinching have largely obviated this defect. 

The longitudinaljoints are made tight by a bead about one-eighth of an 
inch in diameter being run along the cm~ter of one side on each stave, 
so that when the rods are cinched up the bead sinks into the adjoining 
stave, and thus makes a small tongue and groove connection and a very 
tight joint. The wood in these staves is very straight grained and 
smooth, being planed on all sides, and gives au ideal coefficient of 
roughness, so much so that a wooden pipe of this class can always be 
of much less diameter than a metal or cement pipe carrying the same 
amount of water. 

An interesting ])Oint about these pipes is that, unlike tanks or other 
vessels bound with iron or steel hoops, they can and should be tight
ened up as much as possible before allowing the water to be turned 
into them. The swelling of the wood which then -takes place bas only 
the effect of sinking the round steel rod into the surface of the red
wood, while it would assuredly break a flat band or hoop of the same 
cross-sectional area as the rod. The reason is that, the surface of the 
flat band being so great, the crushing of the wood does not take place, 
and the band has to bear not only the pressure of the water, for which 
it is calculated, but the additional strain imposed upon it by the swell
ing of tile wood, for which it is not calculated. How great this force 
is may readily be seen by the depth to which some of these pipes are 
indented by the steel rods. This point has been dwelt ou because it is 
of great importance in connection with a question raised during the 
construction of these pipes. 

The weak point of these pipes is that the diameter is so large and the 
staves so heavy that it is impossible to curve them sufficiently to rest on 
the ground all the way across deep canyons. It is necessary, therefore, 
to support them for varying distances on trestlework. This, if of iron 
or steel, would be very expensive, and being of wood is liable to be 
burned down at any time, for fires are of frequent occurrence h1 these 
canyons in summer. Under these circumstances the pipes can hardly 
be called permanent structures, aud as the Deep Creek and :.Morton 
pipes cost from $10 to $12 per linear foot it is certain that steel pres
sure pipes laid under the ground wou1d have been more permanent and 
much cheaper. A steel pipe of 54 inches diameter, under a pressure 
varying from 0 to 95 pounds per square inch, would need to be on an 
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A, Old fl u me and new stave pipe replacing it, Redlands canal; 8, Pipe under 160-foot head , Santa Ana canal. 
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average one-eighth of an ineh in thickness to give it a factor of safety 
of 4. Such a pipe would only weigh about 75 pounds per linear foot 
and would not cost over G cents a pound deli\·ered, or $4.50 per linear 
foot. Allowing $1.50 a foot for excaYating and back :filling, this pipe 
could certainly have been bui~t fur a little more than half the cost and 
wo~ld have been much more permanent than the wooden pipe com
bined with the wooden trestle. 

The interior of the wooden pipe is smooth and true. It is not liable 
to deteriorate like the steel or iron pipe. It is durable, is easily tapped, 
is capable of adjustment, and is altogether the nearest approach to an 
ideal conduit for water where, in the case of large pipes, the pressure 
does not exceed 40 pounds per square inch and the nature of the ground 
is such that curves of less than 250 feet radius will not be required. 

The pipe shown in Pl. LXVI, A, was built on the Redlands canal near 
the mouth of Santa Ana Canyon, to replace the flume which is also 
shown. It is considered an improved form of construction becaus·e of 
the much greater length of life of the pipe, the fact that it is a much 
better conduit and is cheaper. In 1898 this pipe was examined, after it 
had been in service for ten years, and found to be in a sound condition. 
It has had no repairs. This has become a very popular conduit in the '· 
West, where iron is expensive and wood is cheap. 

Pl. LXVII shows a 52-inch redwood stave pipe under a head of :1.60 
feet. It will be noticed that the round iron bands which hold the pipe 
together and resist the bursting strain are only 3 inches apart. vVhen 
the number of iron bands is so large, the weight of metal in the stave 
pipe becomes almost as great as that of an iron or steel pipe, and thus 
limits the economy of its use. Another serious fault in the stave pipe 
is that in a rough country it can not be bent to a sufficiently sharp 
radius to fit the ground. The minimum radius with 52-inch pipe is 240 
feet, and for this reason this pipe is much higher up in the air than it 
is desirable to have it. With careful use, by kteping the pipe always 
full of water to prevent rot, the stave pipe should far outlive the iron 
pipe. An improvement that has recently been adopted on a power plant 
on Sa.n Gabriel River makes the sharp turns in the pipe line by putting 
in elbows of riveted steel pipe. These are made of sufficient diameter 
to fit over the ends of the wood pipe and the intervening space is 
rammed with cement. 

TUNNELS. 

All the tunnels on this division except one were intended to be of 
the same cross section when finished, or about G feet 3 inches wide by 
7 feet 6 inches high from invert to roof. The amount. of excavation 
varied with the material, an allowance being made in each case to suit 
the thickness of the lining to be adopted. Some of the tunnels were 
through hard granite rock and were left in the rough; others were lined 
with concrete on the floor and sides; one was lined with concrete and 
roofed with brick (see Pl. LXIV, B); one, about l,GOO feet long, was 
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partly lined with concrete and plastered on the invert and 1 foot in 
depth on each side. 

The long tunnels, of which there are two, one about 1,600 feet and 
one about 1,400 feet, are on. a grade of 2 feet per 1,000, and the shorter 
ones, of which there are seven; varying in length from 40 to 240 feet, 
are on a grade of 1.75 feet per 1,000, the same as the flume. Much care 
was taken to keep the different parts of the waterway as nearly of the 
same capacity as possible,. and where so many different forms of cross 
section had to be adopted this was not an easy matter. 

One of the most novel and extraordinary features of this work is the 
tunnel through the Morton Ridge, near the end of Division I. ·The 
ridge is a "hog back" of cemented gravel and bowlders rising abruptly 
about 250 feet from Morton Creek on one side and sloping off more 

ir, 

I 

1 ---- ----"J- ------
\':! 

·gently on the other side to 
the mesa land lying between 
Santa Ana Canyon and l\iill 
Creek. The tunnel is about 
500 feet long, is of circular 
cross section, 6 feet in diam
eter in the clear, lined with 
3-inch planed redwood staves, 
backed with concrete, the lat
ter being rammed in solid all 
around, between the wooden 
tube and the surface of the 
excavation. The peculiar ar
rangement of this tunnel is 
that it is on an upgrade in 
the direction of the flow. 

There seems to be no reason 
why a tunnel similar to the 

FIG. 204.-Tunnel section in rock, Santa Ana canal. others COUld not have been 
constructed through the 

ridge at much less cost, as the material was comparatively·easy to 
work and good to stand until lined. It is evident that the intention 
was to keep the wood lining always wet, so as to preserve it, but this 
could have been done more easily and cheaply by simply excavating a 
rough tunnel through the hill and continuing the Morton Creek wooden 
pipe through it to a junction with the canal on Division II. 

As this tunnel is at the lower end of the Morton Creek pressure pipe, 
it was necessary to have a receiving chamber of some kind to connect 
the tunnel and the pipe. As the tunnel was dropped at this end to 
keep it always full of water, a wooden penstock about 16 feet high was 
built close up to the tunnel. On one side it was connected with the 
pressure pipe, and on the other side with the tunnel by means of a 
funnel-shaped arrangement of wooden staves, gradually merging into 
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REDWOOD PIPE CROSSING WARMSPR INGS CANYON NEAR REDLANDS, SAN BERNARD INO COUNTY, CALIFORNIA, ON THE MAIN HIGH LINE OF THE 
BEAR VALLEY CANAL. 

The diameter of the p•pe IS 52 inches. 
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the tunnel lining. This penstock is simply a standpipe on the Morton 
Creek pressure pipe. Silt is deposited here and is extremely hard to. 
remove. 

The only apparent reason for putting the tunnel on an upgrade in 
the direction of the flow was to ke!3p it entirely below the hydraulic 
grade line from the inlet of the J\'lorton Creek pipe to the outlet of the 
tunnel at Division II, and thus keep the pipe and tunnel always full of 
water to preserve the wooden lining. · 

Of course the tunnel could have been dropped bodily parallel to 
grade line, but this would have meant a box at the lower end more 
than twice the depth of the diameter of the tunnel. To avoid this and 
to keep the velocity of the flow as uniform as possible, au incline at 
the lower end was substituted for the box, which would have made 
considerable change in cthe velocity of the water. ' 

To accommodate the Morton Creek pipe to the lower tunnel it was 
necessary to curve the pipe so much that the staves could not be bent, 
and a series of chords were made in the pipe to allow of its entering 
the penstock on a level with the tunnel. This is open to criticism, as 
the sharp angles would, when the pipe was running at its full eapacity, 
entirely destroy the uniformity of flow· which the pipe otherwise would 
have. At the lower end of the tunnel another piece of stave pipe on 
chords of sharp curve was taekecl to the tunnel lining, apparently to 
save masonry work in lining the sides of the incline. This is also 
destructive of the uniformity of flow so carefully provided for in all 
other parts of the work, and extra expense and poor work were made 
necessary by putting the tunnel below grade. The penstock is exposed 
to the elements on a steep sidehill150 feet above the creek, with GO or 
70 feet of steep ridge above it, and if it is not knocked down ~y a 
slide from above, wl.ticb would bring disaster to the expensive pipe 
below, it will presumably rot in a few years. 

CONNECTIONS. 

The connections between the different forms of waterway on this 
work are made in a very substantial manner. The change from tlume 
to tunnel and from tunnel to flume does not require special mention, as 
the flume in each case is simply let into the tunnel about a foot and 
surrounded with ·a concrete wall bedded against the floor and sides of the 
tunnel (Pl. LXIV, B). No attempt was made to change gradually fr~m 
one section to the other, as they were very shnilar and the slight differ-. 
ence in the calculated velocities did not seem to justify the expense. 

In changes from flume to pipe, from pipe to tunnel, and vice versa, 
the di.fl'ereuce in section was so great that a special chamber had to be 
designed to suit each case. 

As there are three pressure pipes on Division I, there are six of these 
chambers: 2 from flume to pipe, 1 from pipe to flume, 1 from tuunel to 
pipe, and 2 from pipe to tunnel. 
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These chambers are designed with great ca.re so as to avoid as much 
as possible any disturbance of the water. Five of them are well and 
substantially built of rough rubble masonry on concrete foundations 
and lined with cement plaster. One, from the Morton Creek pipe to 
the Morton Ridge tunnel, is a .wooden penstock that has been already 
mentioned in discussing the Morton tunnel. The others, as well as 
the trestle supports under the pressure pipes, are designed to accom
modate two pipes, although oniy o11e has been built. This was a need
less expense and added to an already costly piece of work. Even if 
the company had been able to carry its land-speculation. bmdness at 
Alessandro to a stlccessful issue, it is hardly probable that the canal 
would ever have been enlarged, owing to the fact that, as later mea~
urements have shown, the water supply was not nearly so plentiful as 
was calculated upon before this work was commenced. When the pipe 
sloped down suddenly from the flume the bottom of the chamber was 
made on a curve joining the lines of flume and pipe so as to o1fer as 
little resistance as possible to the flow of water. 

In one instance a horizontal curve was made in the walls of a con
necting chamber to aecommodate the flow from pipe to flume. Great 
care was taken in the construction of the chambers, as they are all 
situated at places where an accident would be fatal to the pipes, which 
are laid on steep inclines below them. 

SAND BOX. 

There is at present only one sand box on the work, and that is a sub
stantial and well-built masonry structure, although it must be con
fessed that its capacity is very small for the amount of money it cost. 
It is about 60 feet long, 13 feet wide, and in the deepest part about 4: 
feet below the level of the flumes that enter it. The bottom part of 
this masonry box. is cut up by cross walls and sloping floors into four 
prismoidal chambers with a sand gate in each. This class of Rand box 
is mentioned in the description of the Crafton canal. 

POWER DROP. 

There is one power drop planned on this work, but it has never been 
finished. It is at a point where the flume is at a height of about 350 
feet above the bed of Santa Ana River, but had the intention of convey
ing surplus water in winter to the San Jacinto reservoir been carried 
out only a very small constant supply of water could have been relied 
on, because in winter only a small quantity of water is needed in the 
dit-ches to Redlands and Highlands, which this drop commanded. 

SECOND DIYISION. 

Division II of .the Santa Ana canal is about 2 miles long and is 
pri11cipally canal section, as shown in Pl. LXVIII. 'l'here are about six 
gulches or arroyos on this division, crossed by flumes of the same form 
as those of Division I, but 12 inches deeper. These flumes aggregate 
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about 1,500 feet in length. They rest on wooden trestlework, with 
bents 16 feet from center to center, and occasionally, where it is neces
sary to have a large water way underneath, on 32-foot trussed girders. 

There are two or three arroyos crossed with earth embankments 
having drainage culverts underneath. The intention was to allow 
tllese banks to settle for two years and then excavate and continue the 
masonry lined canal through them. With this object in view, tempo
rary rough wooden .flumes were laid on these banks, of sufficient cross
sectional area to pass about 1,000 miner's inches of water for the Ales
sandro pipe line. These flumes have never been altered since laicl in 
1893, so that the actual present capacity of the Santa Ana canal may 
be said to be only 1,000 miller's inches. 

One short stretch of the canal bas been finished to the full capacity 
of 12,500 miner's inches (see Pl. LXVIII). This section is 12 feet 6 
inches wide at the top, 7 feet 6 inches deep at the center, chord of 
invert 6 feet 6 inches wide, and versed sine 1 foot 6 inches. The lining 
was done with bowlders roughly broken to shape and laid in cement 
mortar. The walls were first built agai~st the sloping sides of the exca
vation, which, being nearly all of the way iu hard clay and cemented 
gravel, was made with side slopes generally of 2 on 1. The invert is 
simply paved and the chinks filled with coarse sand and spalls, with a 
layer of mortar roughly bedded on top, on which is laid the cement 
plast~r lining-. The walls are laid with more care to a rough surface 
and are from 8 to 10 inches thick on the top and about twice that 
thickuess on the bottom. . 

As the material on this division is generally hard clay and the rain
fall is very slight, there has been no trouble whatever experienced from 
the bulging or breaking of the walls from water lodging behind them, 
and the lined portion of the Santa Ana canal is a very substantial and 
permanent piece of engineering work. The grade of this portion of 
the canal is very light, as a low velocity was necessary to prevent the 
wearing away of the cement lining by'the sand and silt which is sure 
to find its way into the water, especially during freshets. 

The calculated velocity for the full section is about 5 feet per second, 
that of the flume being about 10 feet per second. Careful provision was 
made for changing gradually from canal to flume section and vice versa. 
An examination of the two sections seen in the plates will show that 
this was a difficult piece of work. The change from flume to canal was 
accomplished by building a wall across the canal, fitting the flume into 
tbis w~ll, and, by :flaring or sloping surfaces of masonry, joining the 
edges of the flume to the bottom and sides of the canal. The change 
from canal to flume was accomplished by narrowing the canal section 
for about 8 feet and then continuing the contraction by a wooden 
flume 16 feet long, which gradually changed from this reduced section 
of canal to the flume section. The purpose was to change section and 
velo'City without loss of bead. 

19 GEOL, PT 4--3U 
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This flaring flume was built on the same general principlP-s as the 
flume, being -composed of redwood staves, cut and fitted to effect the 
warping of the surface from a 2 on 1 slope in the canal to a· vertical 
plane in the flume. These staves were connected and tightened by 
yokes and binders similar to those used between the T-iron frames on 
the flume. 

It is unfortunate that the affairs of the company have been in such 
a condition that this canal was never finished, as this was one of the 
many interesting points where engineers difl'ered and were anxious to 
see the results in actual practice. 

MILL CREEK BRIDGE. 

The most notable piece of work on Division II is the Mill Creek 
bridge. Mill Creek at the point of crossing is a wide and sloping wash 
of waterworn bowlder8, cobblestones, and gravel, with occasional beds 
of sand. The water course, which, except in the times of flood, is only 
10 feet wide and a few inches deep, winds through the wash, and the 
channel is liable to change in every flood. The flume, which is of 
the same section as the others on Division II, is supported by nineteen 
steel Pratt truss spans of 48 feet each, resting on braced steel trestle 
piers on concrete footings. The depth of the bowlder bed being 
unknown, these concrete footings are about 8 feet deep, resting on a 
foundation of redwood planks. The footings of each pier are connected 
and surrounded with a casing of redwood planks, which forms a box, 
a.ncl the space between the footings is filled with cobbles and gravel. 
The bridge is 1,072 feet long from end to end. The spans are in couples, 
and the piers are alternately a rocker and a pair of trestle bents 16 
feet apart and braced on all sides, so as to form a tower, the flume 
being carried over this tower by a 16-foot span of the Fink type. 

The bridge is a very light structure, but it is carefully and econom
ically designed, and as it is riveted throughout (no bolts being allowed) 
is likely to last a long time if kept painted. The steel piers are latticed 
channel posts, braced and anchored to the concrete footings. 

'_rbe flume on this bridge is an improvement on the other flumes, as 
the butt8 break joint, the clumsy wedge and strap arrangement is done 
away with, and a simple nut and bolt and large washer subst-ituted. 
A continuous strip of bard wood is also substituted for the wooden 
wedges and blocks on the top of each side of the flume, on which each 
yoke bears directly. The consequence is that there has never been any 
trouble with the flume on the Mill Creek bridge. 

The frames are supported by the floor beams, which consist of two 
channels, separated sufficiently to al1ow the rib of the T-iron frames to 
drop between them. A special cast-iron chock is used under the frames 
in addition to the ordinary side brace, since the frame can not be let 
down into the channels, as -was done in the case of the wooden sills on 
the other portions of t.he work. 
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This bridge and flume cost about $11 a running foot, and it seems 
singular that wooden pipe was not used instead. If one wooden pipe 
was sufficient for present purposes across Deep Canyon on Division I, 
there seems to be no reason .why it would not have been more econom· 
ical to use it in this case also, especially as it would have been under 
very low pressure, not to exceed 25 feet, and could have been put in, 
even doubled, for very much less than the cost of the bridge. Sunk 
3 or 4 feet below the general level of the wash, it would l1ave been 
practicaliy safe from injury, as the tendency in all washes from the 
canyons in southern California is to build up instead of washing out, 
and a wooden pipe filled· with water would under these circumstances 
be practically indestructible. 

COSTS ... 

The total charges against the Santa Ana canal, including engineer
ing, roads, trails, telephone lines, inclines, right of way, law expeuses, 
etc., were about $250,000 for a length of 5.4 miles of conduit, or $8.76 
per linear foot. This is a high price to pay for a canal, but it must be 
remembered that the first 3 miles of the work are :ln an exceptionally 
rough country, and that a great part of the expense was due to the 
connections necessary for the change from one form of cross section to 
another. There are about 40 of these connections on this piece of 
work. 

The objection bas been made that a good deal of money was spent in 
· experimenting upon the work,-but it was money wen· Gpent, and was 

trivial compared with the money actually thrown away by the loose 
financial management of the company's affairs. 

Taken as a whole, the Santa Ana canal is the best example in south
ern California of a scientifically constructed conduit for the passage of 
irrigation water. 

MINOR STREAMS TRIBUTARY TO SANTA ANA. 

The minor streams flowing from the southern face of San Bernardino 
Mountains, with the areas of their tributary basins; in square miles, 
are as follows: East Twin Creek, 5.77; West Twin Creek, 10.66; City 
Creek, 22.20; Plunge Creek, 18.32; total, 56.95 square miles. These 
areas are planimeter measurements made on the topographic atlas 
sheets of the United States Geological Survey. 

All tbe basins referred to above have southern exposures, the slopes 
being steep and rugged. Little timber grows on these, but there is a 
good growth of brush. Spasmodic streams might be expected from 
these basins, the summer flow being quite low, owing to the steep 
Rlopes and high evaporation. Unfortunately there are no reservoir 
sites in which to store the winter waters. 
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EAST TWIN CREEK. 

This stream enters the valley to the north of the town of Sari Ber
nardino by a short and precipitous course. The first diversion was by 
a citizens' association of San Bernardino in 1870, the water being taken 
out at the mouth of the canyon in au earthen ditch, which ran directly 
to the city, a distance of 4i miles. The soil being sandy, the greater· 
portion of the water was lost by seepage. For this reason it was 
abandoned by the city people, and the irrigators near the mouth of 
the canyon sold out their rights. · 

About 1875 Seegars & Leedon appropriated this water. Their point 
of diverson was about one-half mile above the mouth of the canyon, on 
the west side. The water was used ou the lands immediately adjoin
ing. The diversion was in an open ditch of from 60 to 70 miner's 
inches capacity. These appropriators took up the lapsed rights of the 
first users. 

John Hancock next filed on 1,000 miner's inches and bought out 
Seegars & Leedon. Other irrigators either ceased using the water or 
sold their rights. His diversion point was one-half mile above the 
mouth of the canyon, on the eastern side. This diversion was by means 
of a bowlder dam into a canal, which has since been cemented or laid 
with a 1G-inch vitrified pipe. The loss from seepage in this canal in 
1897 was 8 miner's inches, as determined by weir measurements, when 
it was flowipg 65 miner's inches. There are 600 feet of cemented canal, 
400 feet of vitrified pipe, 800 feet of earth canal, and the remaining 
portion is in rock of varying stages of disintregation . 

• J ohri Hancock sold all his rights and titles to the Kansas City Real 
Estate and Investment Company. This company used and improved 
the canals built by Mr. Hancock, and eontiuued using the water on the 
same land-all of sees. 24 and 25, and the eastern parts of sees. 14, 23, 
and 26, T. 1 N., R. 3 W., San Bernardino meridian. There are in all 
700 acres irrigated from this &ource of supply. 

The land has been subdivided and the water made appurtenant to 
· the land, so that the owners of the land become owners in common of 
the water. The duty of water here is 1 inch to 7 acres. The canal is 
operated by an association and the water contro1led by committees. 

The average midsummer flow of this stream at the point of diversion 
IS difficult to estimate, because of the diurnal variation. In summer a 
morning flow of 80 miner's inches might follow an evening flow of 50 
miner's inches. 

The midsummer mean flow is probably about 75 miner's inches. The 
minimum flow of the stream August, 1896, was 40 miner's inches. This 
is the year of least rainfall on record at San Bernardino. In January, 
1897, the flow was 100 mine-r's inches. · 

The distribution is in iron pipes, under heads varying from 0 to 147 
feet. 'fbis pipe was laid in 1890. An interesting feature in this sys-
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tem is that· iron pipe of 14-gage was laid under the same general con·
ditions of pressure and soil as some 16-gage steel pipe. Both pipes . 
were dipped in asphalt. In 1897 the iron pipe showed very slight dete
rioration, while the steel pipe was nearly worn out. The iron pipe is 
Wood's charcoal, soft iron. The irrigation in this district "is all by the 
furrow system. The most of the orchards are of citrus fruit. The 
duty of water depends upon the character of the soil, varying from 6 to 
10 acres per miner's inch for this district. 

Dischm·[Je meas~wernents on East Twin Creek. 
Second-feet. 

June 12, 1898 .......... ·- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 05 
September 9, 1898 ................................... ~.. . . . . . . . . . . . . . . . . . . . . . . . 73 

This may be taken as minimum :flow. 

WEST TWIN CREEK. 

The Savings and Banking Company of San Bernardino irrigate about 
25 acres in W atterman Canyon, and the West Twin Creek Water Com
pany divert from 50 to 100 miner's inches by means of a flume and 
irrigate about 160 acres to the southwest of the canyon. Citrus fruit 
is the principal product. .A.ll of the water goes on alternate days to 
these two localities. 

Discharge measurements on West Twin C1·eek. 
Second-feet. 

June 11, 1898 ............. ___ .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 2. 13 
September 9, 1898 ............................. : .......................... _... . 38 

This may be taken as a mini~um record. 

CITY CREEK. 

This stream discharges from the 22.2 square miles of its basin 50 to 
150 miner's inches. The water is diverted by means of a ditch, and is 
distributed by the City Creek Water Company over_about 500 acres of 
land in the vicinity of Highlands on citrus orchards. 

Discha1·ge mea.surements on City C1·eek. 
Second-feet. 

June 11, 1898 ........................................................ ~ .· ....... 3. 03 
September 9,1898 .......................................... _._.. ... . . . . . . . . . . . . 07 

This may be taken as a minimum discharge. 

PLUNGE CREEK. 

The course of this stream is short and precipitous, and the condition 
of its flow is erratic, large volumes of water being discharged in the 
winter and the summer flow going as low as 10 miner's inches (0.2 
seeond-feet). In June, 1897, this Rtream was flowing 75 miner's inches 
(1.5 second-feet). 

The first diversion was in earthen canals. The water is now diverted 
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by means of a little bed-rock dam at a point 1! miles above the mouth 
of the canyon. In 1897 a cement-lined rock ditch, with a capacity of 
200 miner's inches (4 second-feet), was constructed to the northwest 
along the base of the mountains for about 3 miles. There are about 
200 acres of citrus fruits irrigated, lying above the North Fork ditch 
and near the asylum. 

A small reservoir is used for storage purposes for a portion of the 
water, and a portion is run through the North Fork ditch and taken 
out again. · 

The cement canal was built by the East Highlands Orange Company. 
This company owns all of the water but "five hours' run;" that is, 
nineteen twenty-fourths of it. 

Discharge measU1·ements on Plunge Creek. 
Second-feet. 

June 11, 1898 .... ---· ____ .... ------ ...................... ------ .. · ......... ---· 2.26 
September 9, 1898 ..................... -- ............... -. - .......... - ..... --. . 20 

This may be taken as a minimum measurement. 

DEVILS CANYON. 

The stream from this basin is owned by the Muscapiabe Land and 
Water Company. It is said that 200 acres of land near the mouth of 
this canyon are irrigated with this water. 

MOHAVE RIVER. 

Mol'.ave River rises on the n'orthern slope of the Sierra Madre Moun
tains in San Bernardino County, California. Its course is semicircular, 
flowing progressively west, north, and east, and, as is common in the 
arid region, decreasing in volume as it progresses onto ti1e plains, until 
the surface flow at last disappears in a sandy bed a short distance 
below Barsto.w. The head waters of this stream flow from elevations of 
5,000 to 8,000 feet, and at an elevation of 1,900 feet disappear, the 
foothills of these mountains being 3,000 feet above the level of the sea. 

On Pl. LXIX are views of the San Bernardino Mountains, that 
marked A being· a winter scene in Little Bear Valley. This is immedi
ately north of the crest of the San Bernardino Mountains and is the 
portion of the drainage basin of Mohave River, tributary to the Arrow
head reservoir storage basin, in Little Bear Valley. The snowfall in 
this locality is heavy, as shown by the view. 

In Pl. LXIX, B, is shown a portion of the drainage basin ·of Mohave 
River, this being taken at a point below the altitude of the lines of the 
Arrowhead reservoir, the area shown in the foreground being tribu
tary to the lower works on the stream located at Daggett and the 
proposed canals for Victor. The view illustrates the conditions in 
midwinter. 

The basin may be classified in three parts: Mountainous portions, 
251 square miles; foothills, 219 square miles; plains and desert buttes, 
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A. 

B. 

VIEWS IN SAN BERNARDINO MOUNTAINS, CALIFORNIA. 

A, Winter scene at L1tt le Bear Va lley; B, Head of Mohave River, San Antonio Mountain in the distance. 
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1,000 square miles; making a total drainage area above Daggett of 1,470 
square miles. These areas are measured by plainimeter on the county 
map. 

To the west there are many mountains that drain toward Mohave 
Desert, but the streams, which are small and few in number, disappear 
as soon as they reach the hot sands of the desert. The gen~ral slope 
of this great valley is toward Mohave River from the west at the rate 
of 2 feet to the mile, but the rainfall is so light (about 3 inches per 
annum) and the summer heat so great that the run-off is at least not on 
the surface. 

1\'lr. H. B. Hedges measured Mohave River on September 20, 1894, 
and found 30.66 second-feet at the Victor Narro\vs. September 27, 
1895, he found 5~.79 second-feet. The river sinks in the summer in the 
Mohave sand wash within half a mile of the mouth of the canyon, at 
the junction of the east and west forks, and the tlow is then under
ground for 9 miles. It then rises to the surface, at a point 7 miles from 
the Victor Narrows, and increases in vol1J.me to that point. This 
amount is above midsummer average. 

Mohave River has cut through a low range of hills a mile south of 
the town of Victor. The gorge is narrow, with abrupt granite cliffs 
on each side. A c9ntour 145 feet above the bed of the stream at this 
point incloses 7,500 acres. This is the greatest natural reservoir site 
in southern California. The depth of bed rock at the dam site is ov~r 
50 feet, and it is said that it bas never been found at midstream. This 
site is in position to catch the great flood of this basin. The water 
from it could be used on the northern bench lands of the Sierra Madre 
Mountains. 

In the mountains of this basin the rains are frequently very heavy, 
often falling on slopes that are both rugged and steep, thus yielding 
floods which, pouring out of the bills far beyond the ordinary limit of 
surface flow into the desert, fill the porous sand ::tnd gravel of the river 
beds as they progress, and disappear as rapidly as they came. From 
twenty-four hours to a week later the bed of the stream at the surface 
will a.gain be found dry. This is the general character of lVIohave 
River. During the summer it flows in places, where the general posi
tion of the canyon walls or of the bed rock forces the water to the 
surface, in a stream of from 20 to 30 second-feet, rising and sinking on 
its uncertain journey as it encounters impervious material, and finally 
losing itself in the sand. 

ARROWHEAD RESERVOIR COMPANY. 

The Arrowhead Reservoir Company has partially constructed works 
for the diversion of the head waters of Mohave River into San Bernar
dino Valley. The drainage basins tributary to this system are the 
heads of both the J:iJast and West forks of Mohave River, and extend 
from Holcomb Creek on the extreme east to Huston Creek on the 
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extreme west. The southern limit of the basin is tlte crest of San Ber
nardino 1\'lountains, tlte northern and western limit the line of diver
sion, conduits and resP.rvoirs extending from Holcomb Creek to the 
saddle on the cre.st at the head of the Arrowhead toll road, which is 
at a point on the range immediately north of San Bernardino, through 
which depression the line is to pass with a tunnel 5,900 feet long. As 
is usual with the mountains of southern California, the southern slopes, 
which are exposed to the summer sun and winter storms, are much 
more precipitous than those on the north. This basin, which is near 
the crest of the range, is not so precipitous as the slopes on the south 
or on the sides nearer the desert. The formation is wholly granitic, 
with soil covering, the bed rock seldom being on the surface in large 
quantities. 

The slopes are from 2 to 1 to 4 to 1, the highest and roughest portion 
of the basin being Crafts and Butler peaks~ which are 8,060 and 8,120 
feet high, respectively. The gentle slopes and soil covering are favor
able to the diversion works which are projected. Yellow pine, sugar 
pine, fir, and oak grow in considerable abundance, being thickest on 
the crest and diminishing toward the desert in both size and number 
of trees. The extreme northern portion of the basin is covered with 
brush only. In no place, however, are the forests so dense as those of 
the Sierras in northern California. A considerable portion of the area 
is included iu San Bernardino Forest Reserve, .created by act of Con
gress March 3, 1891, and extending from Cajon Pass to San Gorgonia 
Pass. 

The following are the drainage basin-s tributary to the Arrowhead 
Company's reservoirs: 

Sq uarc miles. 
Huston ]<'Iat ... _ .... _ ......•.... __ .... _ .... _. _ ..... __ .... __ ... --.. . . . . . . . . . . 2. 72 
Grass Valley. __ ._ .. ____ .. ____ .. ____ .. -- .... -- __ ............ -..... - ... -. -'- . . . . 2. 72 

Portion above canal. .. _ ..... __ ... ___ .. _ ...... __ ... _ ................... · . . 1. 96 
Little Bear Valley ................................................ -----· .... 6.60 

Portion above canal ............................ ---- .................... 2.88 
Deep Creek .... __ ... ___ ... __ ....... ____ ... _ ....... _ .......... -.. . . . . . . . . . . . . 14. 51 

Green Valley Creek ... _ .... _- __ ........................... -. . . . . . . . . . . . . 2. 10 
CrabCreek ............................................................. 4.25 
Portion below Crab Creek .......................... - .... -........... -.. 5. 29 

Box Canyon (approximate) .................................. -. . . .. . . . .. . . . . . 8. 00 
Portion below box ............................................... --. . . . . 1. 76 
Area northwest of Crafts Peak.......................................... 3. 03 

Holcomb Valley .............................................. -............. 30.49 

1.'otal .........................• - ........... - . . . . . . . . . . . . . . . . . . . . . . . . . . 86. 31 

RAINFALL. 

The meteorological work that has been carried on by the Arrowhead 
Oompany is of a most thorough and extended nature. This company 
is one of the few in the West to appreciate fully the value of infor
mation of this nature. It would seem imperative that the question of 
available water supply should be thoroughly understood before works 
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are designed or contracts entered into for the sale or rental of water, 
yet, singular as it may be, few have grasped this truth. Many promi
nent engineers have reckoned without this definite knowledge and have 
built or designed works that haye been much too large and have had 
to reduce the section of their conduits after construction was started. 
The Arrow bead Company has properly held back its work for a term 
of years pending the compilation of these records, through a sufficient 
length of time to establish the relation between maximum, minimum, 
and mean years of precipitation and run-off. Mr. H: B. Hedges was 
placed in charge of the engineering department of the company in 1893. 
Be bas made a special study of this subject, and it is due to his efforts 
in large part that these data were obtained. 

It is evident that this information is of such nature as to be abso
lutely necessary, and that it should always precede construction. 
Owing to the great length of time needed to form accurate estimates on 
this subject many are discouraged before starting. In determining this 
information much bas been learned as to the topographic influence on 
the amount of precipitation, evaporation, and run-off~ The location of 
the rain gages of the company are indicated by small dots on the map 
(fig. 192). 

It has been found that the storms approach these higher summits 
from the southwest, and that the rainfall is preceded by several days 
of wind from that direction. The rain is also preceded by a fog that 
drifts in from the same quarter, first through the low passes. In a 
short di&tance after passing the crest this encounters the arid desert 
air, and the fog mist is soon converted to aqueous vapor again and dis
appears. As the mist continues and increases it gradually prevails, 
covering the peaks and advancing toward the desert. The rain gages 
prove this condition to exist. The gage located in the passes on the 
crest shows more rainfall than those located on the higher adjacent 
ground. It ~s stated that one may watch the advancing storm from a 
pass, and by retreating up the sides keep out of the rain while watching 
the storm for an hour or more. In a rain of 4 inches as recorded. at a 
pass, but 3 inches would not be unusual at an elevation of 500 feet above 
and adjacent to this location. As the storm advances toward the desert 
its elevation decr:eases, tbe temperature of the cloud increases with its 
descent, and the relative humidity at last falls below the dew point 
and precipitation ceases. Hence the rain gage of Holcomb Valley, 
which is 3 miles from the crest, shows about one-half the rainfall of the 
gages at the crest. The points where the greatest precipitation occurs 
are in the passes and small mountain valleys about one-half mile beyond 
the crest. In the rainfall table given below Morse's is such a location, 
a11d it shows a very heavy precipitation. 

From the above it will be seen that much skill and care should be 
used in placing the g~ges so as to determine the mean rainfall of a 
basin. While gages should be placed in the valleys, if possible they 
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should bt} 'f!W.so placed on the higher sidellills. The Arrowhead gages 
have been placed in. .series north and south, east and west, as nearly as 
practicable-for example, Daly Summit is on the crest, :Morse's is one
half mile north, Grass Valley is l~ miles north of the crest, Tunnel 0 
3~ miles north of same. The results show that the rainfall decreases 
as the storm moves east and north. 

The rain gages used by this company are of the standaro Govern
ment pattern, with catchment cups 8 inches' in diameter. The effort is 
made to put the top of the gage in an open spot and ahout 30 inches 
above the ground or snow. It is interesting to note that in windy 
storms the depth of water falling in an evaporating pan 3 feet square 
is substantially more than that shown in the 8-iilch circular rain gage. 

A party of 4 to 6 men is kept in the mountains to make these meas
urements. As soon as a storm is over men are started out with horses 
or on snowshoes to make the round of the stations. An interesting fact 
determined by these measurements is that the snow is much drier to 
the north and east from the crest, especially in Upper Holcomb Valley. 
While at Gra8s Valley and Gate House the ratio of snow to water is 
about 5 t<> 1; in the Upper Holcomb Valley it is fully 10 to 1. The 
result is that the greater part of precipitation is lost by evaporation in 
Holcomb Valley. 

LIST OF ARROWHEAD RAIN GAGES. 

1. Lower Toll House; elevation, 2,100 feet; 1 mile up Waterman Canyon from 
mouth of south slope. 

2. Oak Flat; :elevation, 4,550 feet; near the head of Waterman Canyon, south slope. 
3. Upper Toll House; elevation, 4,830 feet; on crest at head of ·waterman Can~'on. 
4. Huston Flat; elevation, 4,500 feet; north slope, 1 mile north of crest. 
5. Squirrel Inn; elevation, 5,300 feet; on crest of range. 
6. Strawberry Plat; elevation, 5,650 feet; one-half mile north of the summit of 

Strawberry Peak (crest). · 
7. Morse's; elevation, 5,350 fef't; one-half mile north of summit on side hill. 
8. Daly Summit; elevation, 5,480 feet; on summit at head of Little Bear Creek. 
9. Measor's; elevation, 5,480 feet; on summit at head of Little Bear Valley drain

age basin. • 
10. Keffle's; elevation, 5,520 feet; summit at the head of Cooks Creek (Little 

Bear Valley drainage). 
11. Heaps Peak; elevation, 5,550 feet; summit on north side on divide between 

Little Bear and Deep Creek. 
12. Hunsacker Flat; Deep Creek Basin, lmile northeast of crest. 
13. South Fork of Deep Creek; one-half mile north of crest. 
14. East Fork of Deep Creek; one-half mile west of divide between Deep Creek 

and Bear Creek (Santa Ana). 
15. Green Yalley; elevation, 6,900 feet; at Bear Yalley Toll Honse, 3t miles north 

of main creek. 
16. Crafts Peak; elevation, 7,100 feet; one-half mile north of peak, Holcomb 

drainage. ' 
17. Upper Holcomb Valley; elevation, 7,200 feet; in Upper Big Bear Valley (Santa 

Ana) drainage, about 5 miles north of Old Bear Lake (Baldwin's) to 11.5 miles north
east of erest. 

18. Cienega Redondo; elevation, 5,300 feet; on the north side of Holcomb Creek, 
6 miles north of main crest, on t: Desert side of Holcomb Basin." 
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19. Coxs Canyon; elevation, 5,250 feet; on north side of Holcomb slope, 7 miles 
north of crest, on "Desert side of Holcomb Basin.". 

20. Crab Park; elevation, 5,100 feet; in a flat 5 miles north of crest in Deep Creek 
Basin. 

21. Gate House; elevation, 5,160 feet; 2 miles northcof crest on north side of Lit-
tle Bear Valley. · · 

22. Fleming's mill; elevation, 5,025 feet; Little Bear Valley, in a flat 1! miles 
north of crest. 

23. Talmadge's; elevation, 5,100 feet; in a flat in Little Bear Valley at west end 
of reservoir, It miles north of crest. 

24. Section 9; elevation, 5,150 feet; in a flat at the end of Little Bear Valley lles
ervoir site, 2t miles north of crest. 

25. Grass Valley; elevation, 5,Q50 feet; in a flat 1~ miles north of crest, in center 
of proposed reservoir. 

26. Summit between Grass Valley Creek and West Fork of Mohave Creek; eleva
tion, 5,300 feet; 2t miles north of crest. 

27. Tunnel C; elevation, 4,920 feet; in a flat 3t miles north of crest. 
28. Tunnel No. 2, north end of; elevation, 4,900 feet; 3 miles north of Strawberry 

Peak (crest). 

The Arrowhead Reservoir Company, for sufficient reasons, does not 
desire to make all of the information from these stations public at the 
present time, but has kindly furnished to the United States Geological 
Survey the data for the accompanying tables. 

-

11870--7 
'11871-7 

1872-7 

1 
2 
3 
4 1873-7 

1874-7 
1875-7 :I 

11876-7 
71 

Seasonal rainfall, San Bernm·d·ino, Calij01·nia. 

Inches., Year. Inches. I Year. Inches., 

~I 1877-78 20.33 1884-85 10.81 i 

8. 981 1878-79 11.54 1885-86 21.83 

15.~0 1879-80 20.36 1886-87 14.50 
23.81 1880-81 13.50 1887-88 17.76 

> 
13.65 1881-82 11.54 1888-89 20.97 
19.90 1882-83 9.171 1889-90 25.45 
. 9.52 1883-84 37.51 1890-91 18.08 

I I 

Year. II 
1891-92 11 

I 

3 4.35 
1892-93 
1893-94 
1894-95 
1895-96 
1896-97 
18\)7-98 

Mean .. 

1 

2 

1 

1 

9.82 
8.13 
0.98 
8.11 

6.74 

~I 
~ 
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'l'able of rainfall at the stations of the Art·owhcad Reservoir Company on San Bernardino 
Mountain and at the city of San Berna1·dino, California. 

I I 
Holcomb Deep Upper Hol- Green 

Creek. Creek. comb. a Valley . 

. 
Distance from crest .. miles .. 3 2.6 11.5 0.3 
Elevation ............ feet .. 5,220 5,200 7,200 j6,700 
Precipitation (b)-

1891-92 ..•...... inches .. ....................... ... --- ..... -- ...... ... .......................... .. -- ... -- -- ...... 

. 1892-93 .......•.. do .... 19.13 46.00 elL 70 43.07 
1893-94 .......... do .... 14.56 18.55 15.27 22.04 

1894-95 .......... do .... '33.27 43.36 21.80 49.93 

1895-96 .......... do .... 8.61 11.85 7.90 18.49 

1896-97 .......... do .... 19.87 33.12 13.50 .... -.......... ---
1897-98d ......... do .... 11. 4!& 16.78 9.30 ............................ 

Mean ...... -...... -..... -............. - 17.81 28.28 13.25 33.38 

I Mean based on San I 

Bernardino ......... 
1 

21.20 I 33.66 15.77 39.73 

Morse's. 

I 
Grass st~~~el Bear 

Valley. Valley. 

Distance from crest .. ruiles .. 5 1.5 
1 0.0 0.0 

Elevation ............ feet .. 5,350 5,050 '5:500 6,000 
Precipitation (b)- I i 

1891-92 ....•.•.. inches. t .................... , .......... : 38.00 
1892-93 .......... do.... 70. 75 .......... 1 e 31. 47 44.32 

1893-94 .......... do .... : 38.69 e17.791 30.47 
1894-95 .......... do .... 1 

- 68.72 58.16 I 50.34 

1895-96 .......... do .... J 

1896-97 .......... do .... 

1897-98 d •. .•••••• do .... 

Mean "----- ------ ............ 

L Mean based on San 

Bernardino ........ . 

25.20 17.30 
54.50 . ---- ...... ---
33.06 ..... -- ........... --
48.48 . ... -- ........ -...... 

- I I 
o7. 70 ! .... • ...... ' 

I 

17.54 
40.65 
25.11 

32.59 

19.75 
50.00 

.......... , 
.. - ..... -... --. 
----------1 

f53. 10 1 

aNE.a sec. 33, T. 3 N., R.1 W. dSeptember 1 to .A.pril30. 

Little Bear 
Valley. 

2 
5, 160 

26.64 
41.56 
23.08 

f8.65 
13.28 
33.48 
14.48 

28.74 

34.21 

City of 
Sa.n 

Bernardino. 

-... -- ............... 

1,073 

14.35 
19.82 
8. 13 

20.98 
8.11 

16.741 
8.12 

g16. 23) 

b Years ending .A ngust 31. e Record begun December 1, 1893. 
c Record begun January 1, 1893. jMean for twelve years. 

gTo fpril30, 1898, mean for twenty-eight years. 

AH of these records, save those for Bear Valley and San Bernardino, 
are the result of their observations. A comparison is made between 
the Arrowhead and San Bernardino records, as follows: The record for 
the town extends over twenty-eight years and has a mean to date of 
16.23 inches of precipitation. The Arrowhead records" begin in 1891 
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and 1892; for example, Holcomb Creek record begins in September, 
1892, and extends to th_e summer of 1898. During these six years a 
mean of 17.81 inches of rain is shown at Holcomb Creek. During the 
same period at San Bernardino the rainfall was 84 per cent of the 
twenty-eight-year mean. Accepting 
this Holcomb Creek mean as 84 per cent 
of a twenty-eight-year mean, a proba-
ble ultimate mean of 21.2 inches is ob-
tained for Holcomb Creek. The prob~ 
able ultimate mean for each section is 
thus obtained. Comparisons with the 
Bear Valley record lead us to doubt the 
accuracy of that record. 

:Mr. Sidney P. Waite, of San Bernar
dino, bas furnished the record of pre
cipitation of that station from 1870-71 
to 1891-92, after which it was taken up 
by Dr . .A. K. Johnson, who is now the 
observer for the United States Weather 
Bureau. Mr. Waite only ceased his 
records because a storm wrecked his 
apparatus. .An interview was held with 
him in which he said that his gage had 
been procured from the Smithsonian 
Institution, at a· cost of 25 cents. It 
was 20 inches high, had a 12-inch mouth, 
and was located in an open lot free from 
trees or other eddy-causing objects and 
was placed 4 feet above the ground. 
.All the surroundings indicate that his 
contributions to the meteorological sta
tistics of this region are reliable. 

EVAPORATION. 

A. pan is set in a concrete bay, on a 
side hill at the Gate House, Little Bear 
Valley, at an elevation of 5,125 feet. 
There are a few large trees on the hill~ 
but none within 100 feet of the pan. 
The topographic exposure is open from 
the southeast to the southwest, and 
slightly interrupted from the northwest . 

f 

b 

i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
) 

I / 
I , 
1,' 

---- ---" 

FIG. 205.-Apparatus for measuring evap
oration from snow. a, Ordinary outer 
cylinder of a standard rain gage. b, Iron 
band that supports the cylinder to a 
standard c. d, Set screw that permits 
the entire apparatus to be raisecl to a 
dflsired level. e, False bottom that may 
be raised and lowered by the scale f. 
g, g, Screw clamps that permit the lifting 
of the entire cylinder from the band b, 
so that it may be weighed. h, Stopcock 
that may be used to draw off the water. 
i, Box into which the cylinder may be 
lowered if desired. 

to the northeast. Measurements for evaporation were made with a 
book gage twice a day. The pan is a 3-foot cube iron basin, set in a 
concrete bay 5 feet square and 4 feet deep. 

Mr. H. B. Hedges designed. the apparatus shown in :fig.205 to determine 
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the evaporation from snow, and also that for measuring percolations, 
shown in fig. 206. 

The cylinder is filled either by falling snow, which is desirable, or by 
inverting and pressing down onto the snow plane. The cylinder with 
the snow is then weighed. The false bottom is raised so that the snow 
stands above the top rim of the cylinder for a number of inches, depend
ing on the character of the snow, wet snow being lifted as much as 
3 inches above the top of the cylinder. By means of the rod c and the 
screw d the top of the snow in the apparatus is adjusted to the top of 
the snow as it lies on the surrounding areas. The gap between the 
cylinde.r and the surrounding snow plane is carefully filled to produce 
uniform conditions. Each twenty-four hours the cylinder is removed 
with its snow and weighed. The loss in weight d'6termines the evapo-

I 
I 
I 

---2.-? 
-:..""::.-=1'--

I 
I 

I 
I 

I 

zo' 

l!'IG. 206.-Apparatus for determining percolation of water through soil. 

ration. The accumulated melted snow is then drawn off through the 
cock h. It was found that the iron tends to melt the snow, and it has 
been suggested that paper be used in its place as far as possible. Care 
is taken to maintain a contact between the snow bauk and the sides 
of the cylinder to keep down the temperature of the cylinder; but a 
small space is kept between the snow extending above the top of the 
cylinder and the snow bank. .As the snow is usually heavy and wet, 
little trouble has been experienced with drifts. 

PERCOLATION . 

.A 3-foot tank of iron, as shown in fig. 206, was filled with earth, 
placed in the same condition as found in the hole from which it was 
_excavated and tamped to its natural compactness. The water that 
penetrates is drawn ofl' through a pipe and measured. The soil is of 
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yellow clay, underlain by hardpan, the top being loam and disinte
grated granite. 

Previous to a storm the box is drained. Subsequent rainfall is meas
ured on the standard rain gage. After the first and before the next 
storm, or at the end of the month, the water from the box is drawn off 
through the pipe and cock and is measured. The difference in volume, 
as indicated by rain gage and box, shows the amount of water pene
trating the soil. The loss is evaporated from the surface of the soil. 
This box is located at the Gate House. The object is to determine the 
amount of water penetrating to bed rock. 

The humidity ranges f\OID 14 per cent up. The probable average 
humidity during the summer is about 25 per cent. During the winter 
months the average will probably be about 35 per cent. The winds 
from the north are very dry, varying from 15 to 20 per cent. 

Precipitation, evapo1·ation, absorption, etc., at the gate house of the .A1-rowhead Reservoir 
Company at Little Bear Valley. 

(Elevation, 5,160 feet; latitude, 340 16' 10" north; longitude, 1770 11' 24" west of Greenwich; San Ber-
nardino County, California.] 

I Temperature. Evaporation. 6 Wmd=;=] .::: 
a> 
c._; 

Water sur- I Snow snr-
r--·c; 
Q)':fl 

face. face. 
...,,... 

~ i I 
~0 

Precip- ~~ 
Month. itation. ~~ 0 

ci ~ 0<0 ~ .... 
~ ... "0 

.::: 2 E 0 
ci 

;:::It>!) 

§ 
tl!) 

= :: ~ ~ ~ ~-9 :§ 
8 E .; a.i <V "0 ~ e~ !3 ·a a> A .s 0 ~~ ~ OM -~ ·a ~ ~ ::l ~ 

c:l A a> « 
~ 

Q) .: (j) ~ .0 0 « ~ ..... ~ ~ ~ 
""' 

H H ~ ~ H P-1 
-------------------------

1895. Inches. 0 In. Hrs. In. MiZes. 
March ....... 71.0 18.0 42.4 8. 82 1.12 38.0 l'. 64 192 .......... 4, 787 24 ssw. 
April ........ 77.0 24.0 49.1 1. 31 1. 84 42.0 ------ ............ ......... 4, 207 29 sw. 
May ......... 86.0 30.0 55.4 . 24 5. 39 58.0 ............ ·----- 0.17 3, 723 30 sw. 
June ........ 84.0 31.0 162.2 . 00 6.60 60.6 ............. ......... . 00 3, 589 35 s . 
July ......... 88.0 40.0 63.8 .00 6.30 67.1 ···--.- ------ .00 2, 324 32 s. 
August ...... 89.0 38.0 66.2 Trace. 6. 20 66.2 . .......... .......... .00 ' 3, 032 27 s. 
September ... 83.0 33.0 62.2 I . 00 5. 05 58.6 ........... ....... .00 : 1, 790 21 s. 
October ...... 84.0 32.0 54.5 .00 2.80 52. 6 I ...... ........ . 00 i 2,120 12 sw. 
November ... 69.0 22.0 38.8 2. 65 1.20 42.0 .05 10 . 00 3, 070 I 19 SW. 

December ... 70.0 14.0 38.9 1. 75 . 34 38.6 ............ ........ .00 2. 217 23 N. 

1896. 

J~nuary ..... 67.0 22.0 42.5 2. 38 .09 39.0 ........... ........... . 00 2, 848 15 sw. 
February .... 68.0 22.0 43.4 Trace. . 81 43.0 ............ ........ .00 2, 956 27 N. 
March ....... 73.0 15.0 41.5 4. 21 . 94 42.0 . 55 107 . 09 4, 546 67 s. 
April ........ 65.0 23.0 41.7 1. 72 3.39 44.0 ........... ...... .13 6,112 38 s. 
May ......... s1. o I 26. o 52.1 .47 2. 86 59.0 .......... .......... . 00 3, 953 30 SW. 

June ...... --. 96.5 36.0 I 64.1 . 00 6. 50 67.0 .............. .......... . 00 4, 727 30 sw. 
July ......... 90. (\ 37.0 68.3 . 00 5. 04 117.5 .......... ........... . 00 4,465 27 sw. 
August ...... 88.0 43.0 66.2 . 33 5. 50 65~0 ........ ........ . 00 4, 061 25 sw. 
September ... 88.0 32.0 58.7 . 00 4. 01 60.0 ........ ............. .00 3,683 19 sw . 
October ...... 74.0 27.0 54.3 2. 30 4. 05 54.0 ........... ------ .00 3,470 37 sw. 
November ... 68.0 18.0 44.0 1. 38 1. 28 46.0 ............ ........... . 00 3,950 30 SW. 

December ... 69.0 23.0 42.3 1. 9S ]. 23 39.0 ---·-- ............ . 00 2, 619 27 N. 
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PrecijJitation, evaporat·ion, absorption, etc., at the gate house of the A1'1'0whea(l Reservoir 
Company at Little Bea1· Valley-Continued. 

[Elevation, 5,160 feet; latitude, 34° 16' 10" north; longitude, 1770 11' 24" west of Greenwich; San Ber
nardino County, California.] ,--

Month. 

Win<l=-;=1 

2 

= ~ 

~ I 
1897. 0 - =-~-0- Inr.hes.l--~-0 - In. -.;rs~l In.- Mile.~. -- ---

January ... .,1 57.0 18.0 I 35.2 5.16 . 57 ' 38.0 I . 72 335 . 00 4, 342 39 S W. 

February .... 57.0 5. 0 32.0 12.05 . 24 38.0 . 61 144 . 34 3, 422 41 N., SW. 

March ....... 60.0 18.0 33.4 10.17 ............ _1_._2_1 .. ··2·8·8·· 1 .. 35~ 5
2

,' 4
8

4
6
8
7 

4:-~5 jtJW. . 
.April ........ 'n. 0 25. 0 51.1 . 03 3. 01 43. 0 v 

May . . . . . . . . . 85. 0 33. 0 56. 3 . 15 4. 75 52. 0 . . . . . . . . . . . . . 01 3, 986 

NOTE.- Tha n1ean temperature is the average of the daily meaus. 

Com1Ja1·ison of the 1·ate of evaporation front snow with that f1·mn wate1· at Little Bear 
Valley, Califo1'nia. 

[Latitude, 34° 16' 10"; longitude, 117° 11' 24"; elevation, 5,160 feet.] 

Wind. 
Evaporation 
from water 
for month. 

Rate of snow ( ; ----~ 
evaporation 

1 

Ratio of snow 
1 

Precipita-
for the month to water 'tion for the 
(inches melted, evaporation. j month. 

snow). I , 

1---------r-----------r-----i-----

1 ! Total1niles. i Inches. Per cent. 

r March, 1895 .. .. .. 4, 787 1.12 2.48 2.21 

I March, 1896 . • . • . . 4, 546 . 9.! 3.79 4.03 

I 
January, 1897 ... . . 4, 342 

February, 1897 ... : 3, 422 

: March, 1897 ..... ·I 5, 448 L Mean ....•. -~--4-, 5_0_9_! 

. 57 1. 58 2.78 

.24 2.82 11.75 

a.48 3.12 11.75 
-------

.67 2.76 b 4.85 

a The evaporation from the water surface during Marcb, 1897, could not be measured. 
that it was not greater than twice that of February, 1897, or 0.48 inch. 

Inches. 

8.82 

4.21 

5. 16 

12.05 

10.17 I 
8.08 

.I 

It is assumed 

b The ratio of per cent of evaporation f.-om snow, given as 4.85, is determined by multiplying tl1e total 
number of hours' exposure by the per cent in each month and dividing the sum of the products by the 
number of hours. 

The amount of water evaporated is mea~mred for the entire month, 
while the snow evaporation is for much shorter periods of time. vYhen 
the snow is covedng the ground humidity would naturally be greater 
and the relative rate of evaporation much smaller; the presence of the 
snow would also have a chilling effect on the air. It will be noterl 
that the rate of evaporation from snow in these instances is 4.85 times 
that of the water evaporation for the entire month, ranging from 2.21 
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to 11.75 times that of water. This wide variation is due doubtless to 
the direction and velocity of the wind, whether it blows from the desert 
or from the ~:;ea, and to ,the condition of the snow, whether it is dry 
enough to drift or not. The snow at this station is heavy and wet as 
a rule, reducing to water at the rate of 5 to 1, while farther toward the 
desert the winds and snows are drier, the snow reducing in Holcomb 
Valley at the rate of 10 to 1 as a rule. It is generally admitted that 
snow evaporation is much greater in Holcomb Valley. The table 
shows that at Little Bear Valley 34 per cent of the precipitation of 
snow is evaporated each month. 

It would be better to say that this snow is evaporated at the rate of 
2. 76 inches of JTielted snow per month, which in this district would rep
resent a depth of snow ranging from 13.8 to 27.6 inches, and this occurs 
during months when, as may be seen by the table (pp. 623-624), the rate 
of evaporation is very markedly below the normal. It should be remem
bered that as the season advances the snow is covered with a crust 
that protects it from evaporation, though at what rate is not known. 
Based on these figures, ·it would seem conservative to estimate that 
on the higher portions of the basin, where the snow lies on the ridges 
and peaks for about five months, and where wind velocities are high, 
the loss in depth must be fully 100 inches in snow depth (8~ feet), 
representing about 14 inches of water. 

The writer has closely watched the disappearance of snow from a 
drainage basin in this range of mountains. A snowfall ranging in 
depth from 2 to 5 feet, in a basin of 200 square miles, has simply been 
so "licked up" by the desert wind that the snow would disappear in a 
few weeks without materially increasing the :flow of the stream. 

One is led to doubt if the northern mountains, where the snow is 
held for months until summer melting, when it is most used for irriga· 
tion, have much advantage over the southern basins, where the water 
must be caught and stored from winter :floods that can not be retained. 

RUN-OFF. 

In addition to the other valuable physical data that this company 
has been collecting is its record of stream flow. Weirs have been 
placed in all of the creeks and clock recorders in the most of the weir 
bays. These recorders are of the type extensively used near Riverside, 
and give satisfaction. The cylinder is of wood, revolves vertically, 
and is driven by·a clockwork with two strong springs. The holder 
of the pencil point is drh:en direct and works in two vertical guides. 
A bay to the side from the creek is selected to insure the safety of the 
apparatus. The side bay is connected with the creek by a line of vit
rified tiling. The same difficulty is met here that always exists when 
a weir is put in a mountain stream-the bay at once fills with sand and 
the accuracy of the weir is destroyed. The greater the amount of water 
passing over the crest the greater the error. With a weir bay full of 
sand, and a head of 2 feet or more, errors of at least 25 per cent might 

19 GEOL, P1' 4--40 
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be anticipated if the Francis weir formula were used, the weir indicating 
too little water. The Bazin weir formula would give much more exact 
results. A flume 25 feet long set on a level grade in the bed of the creek 
would keep it·self free of silt and could be accurately rated by meter. 

The observations of stream :Bow that this company have made they 
naturally prefer to retain for the present for their exclusive· use. 
They will ultimately be furnished to the public. 

In the face of existing records it is with hesitation that an attempt 
is made to estimate a quantity which is so extremely variable and diffi
cult of determination. With a mean rainfall of 35 inches on the basin 
a run-off of 30 per cent may be anticipated, or 48,000 acre-feet, from 86 
square miles of basin, or 6,600 six-month miner's inches. The minimum 
will probably be as low as 2,000 six-month inches, the maximum as great 
as 20,000 six-month inches. These figures are not given as absolute. 
They are based on observations un~er conditions somewhat similar in 
other portions of the State. The company's records have not been 
seen by the writer. It is a subject extremely difficult to judge at all. 

The fluctuation that is here suggested between the maximum and 
minimum indicates the great need of storage works in this district. 
Not only is the annual vai-iation great, but the seasonal variation is 
still greater. Fully three-fourths of the annual discharge passes off 
during the nonirrigating season, when the water can not be used. 
Fortunately this company is in a position to store as much water as 
they may elect up to 16,000 six-month miner's inches (322 second-feet). 

WORKS. 

The works proposed and in part constructed by this company are 
extensive. Beginning at a point on Holcomb Creek at an elevation of 
5,200 feet, the stream is to be diverted, principally by means of tunnels 
and pipes. Open conduits, owing to ice and snow during the principal 
carrying season, are to be avoided as much as possible. 

Other streams are appropriated in passing, the next in importance 
being Deep Creek. In this way the water from 77.03 square miles is 
diverted into the Little Bear Valley reservoir. After passing ·this 
reserv:oir small tributary streams are gathered in sufficient to make a 
total available drainage area of 86.31 square miles. The character of 
the district, while mountainous, can not be called rugged. Roads can 
be built along the line at a cost of from $200 to $300 per mile, and 
most of the material within 5 feet of the surface can be moved with 
the pick or plow. By establishing road connection to the Santa Fe 
Railroad, at Cajon Pass, much of the difficulty of getting material for 
the works can be overcome. 

The line has not yet been finalLy located from Holcomb Creek to 
Little Bear Valley, but the length will probably be about 7 miles. The 
proposition is to divert all water, especially the winter storm waters, 
which will be fully 80 per cent of the entire amount, through the diver
sion canals to the Little Bear Valley reservoir, where it will be held 
for summer use. The length of the line from the Little Bear Valley 
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reservoir to the divide, through which the water will pass into San 
Bernardino Valley, is, approximately, 14 miles. On this line three tun
nels have been constructed: No.1, 6,000 feet with approaches; No.~, 
2,000 feet with approaches; 0, 2,200 feet with approaches. 

These tunnels are in granite. No. 1 is the outlet from Little Bear 
Valley. The section on the two ends was 7 feet high and 8 feet wide, but 
this bas been reduced 2 feet in width owing to a further knowledge of 
the water supp]y. Tunnel No.2 and Tunnel 0 are on_ the line between 
J .. ittle Bear Valley and the divide. Two other reservoirs along the line 
between Little Bear Valley and the divide may be used to supplement 
the supply. The Grass Valley reservoir, which is above the elevation 
of the canal grade, has 2. 72 square miles of independent drainage 
basin, and the Huston Flat reservoir, which is below the grade of the 
approaching conduit, just before it reaches the divide, forms a portion 
of the line. The foundations for a dam 160 feet in height have been 
laid at the Little Bear Valley reservoir. The dam is to be of concrete, 
but the plans are not available at present. 

The following table shows the capacity with varying heights of dams. 
A total ultimate storage of 16,000 six-month inches is available. These 
capacities are taken from a map on a scale of 2,000 feet to the inch and 
are given only as approximate. · 

Capacity, etc., of Little Bear Valley, H11-ston Flat, and Grass Valley t'ese1·voirs at varying 
heights of dam. 

[50 miner's inches are equal to 1 second-foot, or 724 acre-feet per year. 1 six-month miner's inch is 
equal to 7.24 acre-feet.] 

LITTLE BEAR VALLEY RESERVOIR. 

I Baain ~~-"~~''.'~--- -- .... 

Drainage Elevation Height of Capooity.l above Area. area. sea level. dam. 

Sq. miles. Feet. Feet. Acres. Acre-feet. 

I 6.60 5,012 50 183.6 5, 746 
Deep Creek ................ 14.51 5,062 100 449.0 21,561 
Holcomb Valley .........••. 30.49 5_, 109 147 800.0 50,912 
Other tributaries ..•••.•.••. 25.43 5, 122 160 884.0 a61, 855 

HUSTON FLAT RESERVOIR. 

I Basin ....................... 2.72 4,470 20 8.0 60 I 
I Other tributaries ...•....... 3.84 4,500 50 55.8 947 

I 

L 
4,550 100 157.1 6,150 
4,600 150 283.2 17,138 

~ 

4,625 175 329.5 b24, 753 

GRASS VALLEY RESERVOIR. 

~s-i_n _______ -_-_-__ -_-_-__ -_-_-__ -_-_-_-__ -_~-2-.-72 c5, 065 40 66.3 1, ~ 

L
l c 5, 115 90 158. 0 6, 925 1 

------------------~----~--c-5_,_2_o_o~----17_5~---38_6_.5--~d-3_o_,062 I 
a 8,540 six-month miner's jnches. 
c Approximate. 

b 3,420 six-month miner's inches. 
d 4,150 six-month miner's inches. 
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It bas been estimated in the discussion of run-off from these basins 
that the probable mean is 6,600 six-month miner's inches (132 second
feet). However, it is not possible to catch all of this run-off, as a con
siderable portion of it will doubtless be in the nature of high floods that 
can not be conveyed in any ordinary or practicable conduit. The pro
portion that would be lost would require a careful study of the stream 
record and the cost of various-sized conduits. 

If 5,000 six-month miner's inches (100 second-feet) is sold, the storage 
should be for 8,000 six-month miner's inches to provide for years of 
deficiency and for evaporation. This could all be stored at Little Bear 
Valley with a dam 160 feet high. 

From the divide near Huston Flat it is proposed to drop the water 
that is to be distributed for irrigation to the valley below. A head for 
power purposes is thus available of fully 2,500 feet. This power prob
ably could be used only in the summer, during irrigation. With a head 
of 2,500 feet and a volume of 100 second-feet over 20,000 horsepower 
could be developed. 

Considered as a whole, the enterprise is ingenious and bold. It will 
be a costly plant, undoubtedly, but reservoired water is necessarily 
more expensive than water obtained by the simple diversion of a living 
stream. If properly planned, however, it is the most reliable source of 
supply for irrigation obtainable, and if substantially constructed, as is 
proposed in the system herein treated, is the safest and most satisfac
tory in the end. It may be said that the productions of the tributary 
land, planted to citrus fruits, are of the highest order, and are entitled 
to the most enduring and reliable water supply. 

There is no question but that demand will ultimately spring up for all 
the water that the company can deliver. The lands commanded are 
the choicest in the State. They extend from Highlands toward Los 
Angeles, along the foot of the Sierra Madre range of mountains. There 
is no other system adequate for their irrigation. 

The possibility of turning the head waters of lVlohave River into 
San Bernardino Valley bas been known for many years. Mr. Fred T. 
Perris, chief engineer of the Southern California Railway, at one time 
ran a line from Little Bear Valley through to San Bernardino Valley 
to determine the length of tunnel required for that diversion. This 
was done for the California State engineers. The reservoirs were at 
one time surveyed by the State engineers. 

The present Arrowhead Reservoir Company is composed of a number 
of Cincinnati gentlemen. In 1890-91 these gentlemen investigated the 
project from both a. business and an engineering standpoint and deter
mined upon a study of the system and its gradual construction, which 
has since been continued, except for a short interruption in 1892. Mr. 
Adolph Wood is the general manager of this company. He resides in 
San Bernardino and has his office there. l\lr. Fred T. Perris is now 
chief engineer, and }fr. H. B. Hedges is engineer in charge of the work. 
Mr. J. D. Schuyler, of Los Angeles, is consulting engineer. 
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SOUTHERN CALIFORNIA IMPROVEMENT COMPANY. 

The floods that come down Mohave River from the mountains flow 
as far out in the plains as their sandy beds permit. In addition to 
these waters are those supplied to the streams perennially and which 
normally sink at the foothills. These percolate down the channel, 
probably at the rate of from 5 to 20 miles a year, depending on the 
slope and character of the voids in the stream beds. It is the water in 
these voids of the sand and that which percolates in the stream bed 
that the Southern California Company endeavors to obtain. 1 

The determining factor in the selection of the point for the construc
tion of the diversion works of the Southern California Improvement 
Company was that the bed rock, or an impervious stratum, was found 
nearer the surface here than at any other place on the lower portion of 
the river, and, although the river channel is broad and the valley 
extends in an unrestrained way to the south from the surface channel, 
all things being considered, this was chosen as the most feasible place 
to put in the works of development. 

The rock of the locality is favorable to the work. It is known as a 
porphyry and is found in every color. It disintegrates rapidly on 
exposure to the atmosphere and forms clay on the surface. The exposed 
rock in the hills is said to be thus melting away into clays, which are 
very soft on top and harder as the rock is penetrated. A foot from the 
surface the rock is usually quite solid. As this condition obtains on the 
sidehills next to the river, it is assumed that the clays that are found 
in much the same condition beneath the sands of the river bed are of 
like nature and gradually merge into crystalline rock, making an ideal 
condition for the stopping of the underflow of the river with sheet 
piles, which are here used. The piles are said to be driven from 1~ to 
5 feet into this clay, the latter being covered with a varying depth 
of river sand. 

The method of procedure in the construction of the work was to 
start a canal on a light grade far enough down in the valley to permit 
the water that was developed to flow away from the works aR it was 
encountered. At the point where the canal enters the river bed, shown 
in PI. LXX, A, the conduit is changed into a carrying flume. This is 
shown in the line A B on the plan, fig. 207. This flume is 5! feet in 
the clear; the top, sides, and bottom are made tight to prevent any 
escape of the water which has been gathered above. In other respects 
it is constructed the same as the gathering flume described below. 
This earrying flume passes through the sheet piling and into what is 
called the "well." This is a junction bay into which it is the intention 
to have all the gathering flumes empty. The well is 10 by 6~ by 6~ 
feet, and is made of 6 by 8 inch timbers laid flat and bolted together. 

1 The writer investigated as many of the conditions in connection with this work as was practica
ble, l•nt much of it is of such a nature that this could not be done. 
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The bottom is drifted into piling, which is driven into the bed of the 
river for the purpose of forming a foundation or anchor for the bay. 
The top is made of the same material, and two large trapdoors open 
from above. These doors may be fastened down solidly to the rest of 
the frame. The top of the well is on a level with the top of the sheet 
piling and 5 feet below the bottom of the river bed. The trapdoor on 
the top of the well opens into a temporary shaft that extends above 
the surface of the ground and permits entrance into the flumes. This 
shaft is made of 2-inch plank and is set on the main well, but is not 
fastened, so that in case of floods the shaft will be rolled away, and, the 

0 .500 1000 1500F'EET 
~~~--~~----_j 

ROD SOUNDINGS + 
WELL BORINGS 

FIG. 207 .-Plan of submerged dam on Mohave River, near Daggett, California. (Copied by permission 
from Engineering News.) 

doors of tho well being clo~ed, the water of the flood will pass over 
without encountering any obstruction. ' 

The well being finished, the channel of the river was next opened 
along the line B 0 (fig. 207) with scrapers to a depth of aborit 10 feet, 
the water developed being permitted to pass out through the carrying 
flume. This scraper work having been excavated down into the water
bearing gravels, t.he gates of the well were closed and the open cha1mel 
allowed to fill with water. The dredger then floated into place and 
the excavation continued to the desired depth. It was then floated 
away and beached, as shown in PI. LXX, B, and the gates of the well 
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were opened, which by the drawing oft' of the water permits the laying 
of the flume. This same order was followed in the laying of the carry
ing flume. 

The gathering flume is first constructed and placed, and then the 
sheet piling driven down below the flume (downstream), as shown in 
fig. 207. 

It is the intention to drive a row of piling on the line C B D, fig. 207. 
These sheet piles are of ordinary type, being 3-inch Oregon pine plank, 
12 inches wide, firmly bolted together, the lower end being sharpened 
to an edge. The lap of the plank is 3· inches, which permits the h~ad 
being rounded to a diameter of 9 inches. These piles are driven with 
a 2,200-pound hammer through the sand and gravel into the clay, which 
is said to cover the top of the crystalline bed rock. 

Up to May 1, 1896, the piling had been driven only for about 600 
feet south from the junction bay or well at the center of the channel, 
as shown in the line B C, fig. 207. They are sawed off at a depth of 5 
feet below the bed of the stream and below the level where the sand 
has become stratified. All of the flumes and piling are to be covered 
with sand as finished. By this method it is the intention to offer 
absolutely no resistance to the stream when in flood, and in that par
ticular the plan is most wise, for it has been found that in placing the 
slightest obstruction-in a torrential stream bed the obstruction will be 
subjected to the most violent attack from both water and bowlders. 
An excavation being made beneath, the ob~truction will thus be under
mined and knocked over. 

The gathering flume is built from the well 700 feet south. It is made 
of 3 by 12 inch Oregon pine plank, except on top, where they are 4 
instead of 3 inches thick, to support the weight of the gravel above. 
It is built square, 52- feet in the clear, and in the manner in which tim
bers are framed for shafting, each being mortised into the other, and 
all being framed around 6 by 6 inch longitudinal timbers, which are set 
in the corners inside. .A much.more convenient form of flume for work
ing purposes after construction, requiring no more material, would have 
been 62- by 42- feet. . 

The bottom of the flume is first made upside down, the plank being 
nailed on the longitudinal piece,. then floated into place and turned 
over. The sides and top are then built onto it. Openings of five
eighths inch width are left in the sides and of li inches in the bottom 
of the flume to admit the water. Four 4 by 8 inch sills were placed in 
the bottom of the cut for the flume to rest on. They were rammed 
well into the gravel and laid longitudinally. 

Numerous water-development tunnels have been built in southern 
California in water-bearing sands and gravels, and have been lined by 
placing lagging on the top and sides on the caps and posts. These 
posts rest on longitudinal sills, but frequently have no floors. These 
tunnels have been successful in obtaining water, but they probably lose 
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water by percolation where the grade gets above the water plane. In 
this case, where the sheet piling brings the water plane constantly 
above the flume grade, it would seem that the bottom of the gathering 
flume might have been dispensed with. As it is, one-tenth of the bot
tom is left open, and efforts have been made to keep these openings 
clear. The intention of the design was to prevent sand entering the 
flume too freely and interfering with the flow in other parts. The action 
of fine sand in the present case is to work into the openings in small 
quantities. 

It has been found that driving the piling, after the flume was in 
place and only 2 feet from it, has been the cause of jamming the flume 
out of line and driving the gravel tightly into the openings. In the 
remaining portions of the channel the piling will be driven as much as 
25 feet from the flume to avoid this undesirable result. ~he flumes 
are protected with gates, so that they may be kept full of water to pre
vent rot. 

The work of driving the sheet piling across the river was less than 
half finished on May 1, 1896, the portion B D (fig. 207) not being 
completed. It is fair to presume that, when the channel is entirely 
closed to bed rock on either side of the river, a greater amount of water 
will be obtained than a direct proportion of the present amount of water 
flowing to the portion of the river bed than is now shut off. At the 
present time there is approximately 7 second-feet of water flowing from 
the carrying flume. In 1898 the works have not been finished and the 
company is bankrupt. 

It is proposed to use this water on Minneola Valley, which is a desert 
at present, but with the aid of water very favorable agricultural results 
may be obtained. For the purpose of irrigation a charge of $22.50 per 
acre for the water right is made and an annual rental of $1.50. The 
duty of 1 second-foot to 250 acres is made. This is at the rate of $5,625 
per second-foot for the water right and $375 annual income from rentals. 

There are a large number of mines in the neighborhood, borax, iron, 
copper, silver, and gold being found near. These mines are paying 
$11.50 a ton for coal. A drop of 100 feet in the main canal has been 
planned for the purpose of de\7eloping power, which will be offered 
to the mines and used for general purposes. Mr. W. E. Robinson is 
general manager and viee-president of the Southern California Improve
ment Company. He designed these works and superintended their 
construction. The work has been well done, but the amount of water 
obtained is a great disappointment to the company. 
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THE ROCK WATERS OF OHIO. 

By EDWARD ORTON. 

INTRODUCTION. 

In the present report the rock waters of Ohio that are derived from 
a considerable depth as compared with ordinary wells, and also the 
flowing wells or fountains, that are to be found in certain districts of 
the State, are to be considered. Of the latter, only those flowing wells 
that have a considerable head or pressure and those that occur througll
out districts embracing at least a few square miles of territory will be 
discussed. The number of wells whose waters rise to the surface or 
overflow feebly is large and there are many isolated examples of wells 
flowing with a considerable head, but the work of the Survey has not 
been conducted on a scale that will allow such cases to be treated here. 
The wells of the latter group are all drift wells and occur only where 
the drift deposits are found in· thick sections, generally of 100 to 300 
feet. The entire series of flowing wells as above characterized and 
restricted is confined to northwestern and western Ohio, principally to 
the counties of Williams, Fulton, Henry, Defiance, Van Wert, Mercer, 
and Auglaize. 

Our knowledge of the rock waters of Ohio as above limited has been 
almost wholly derived from wells drilled in the search for oil and gas, 
a search which has been prosecuted for the last few years with great 
zeal and energy through all sections of the State, and particularly in 
northwestern Ohio .. There is not a county in the State in which one 
or more wells have not been sunk in this interest during the last fifteen 
years, and in many counties such wells have been drilled by the score 
and the hundred. 

Our knowledge of the water supply of the rocks penetrated by the 
drill is fragmentary and incomplete, despite the excellent opportunities 
to acquire it, for the reason that water was not included in the search 
that was in progress. Genera~ly it was a hindrance and obstruction to 
the explorations that were being carried forward, and in most cases all 
that we learn is by incidental reference. In a number of cases, how
ever, the supplies discovered in the rock series have since been utilized, 
sometimes in a large way, and many wells have since been drilled, the 
sole object of which was to obtain the water whose existence had been 
accidentally demonstrated. 
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In order to understand and appreciate the facts presented, it is neces
sary to have a clear idea of the geological series of Ohio and of its 
distribution throughout the limits of the State. 

GEOLOGICAL COLUMN OF OHIO. 

The geological series of the State consists of limestones, shales, sand
stones, and conglomerates. The several elements are associated in the 
order indicated below: 

Thickness in 
Period. Formation. feet. 

PLEISTOCENE .....••.....•.•.••..•••••••••••. 21. Mainly glacial drift.................. 0- 550 

1
20. Upper Barren Measures .•............ 

·a M 19. Upper Productive Measures .....•••• 
OAL EASURES · ···· ·· 18. Lower Barren Measures ..........•.•. 

17. Lower Productive Measures ........•. 

CARBONIFEROUS 15. Massillon conglomerate ............ . 
CONGLOMERATE C 0 A Lil 6. Hom~ wood sandstone ............... } 

· · MEASURES. 14. Sharon conglomerate .......... -... -. 

500 ± 
200 ± 
500 ± 
250 ± 

250 ± 

1
13. Logan group . . . . . . . . . . . . . . . . . . . . • . . . . 0- 300 

LOWER CARBONIFEROUS 12. Cuyahoga shale .. :- .........•........ 150- 450 
(WAVERLY GROUP). 11. Berea shale and grit.................. 25- 150 

10. Bedford shale and sandstone . . . . . . . . . 50- 150 

DEVONIAN .••......•.•••..........•...•.••. -{ 9. Ohio shale, Great Black shale .••..•.. 250-2, 500 + 
8. Corniferous limestone................ 25- 100 

1
7. Onondaga limestone.................. 20- 600 

UPPER SILURIAN . . . . . . . 6. Ni_agara ~hale and limestone .......••• 150- 350 

{ 

· 5. Chnton limestones.................... 20- 150 
SILURIAN.......... ' 4. Medina shale ...........•............. 25- 150 . i 3. Hudson River shales and limestones .. 300- 800 

LOWER SILURIAN (OR· 2. Utica shale........................... 0- 300 
DOVICIAN") · 1. Trenton limestone .................... 300- 600 

Each of these subdivisions will be briefly characterized with refer
ence to the inquiry before us. Before entering on this review, the 
reader is reminded that the water-bearing strata of this series are (1) 
sandstones and conglomerates, the purer and coarser the better; (2) 
dolomitic limestone, when made })Orous by replacement; (3) soluble 
limestones, whether true or dolomitic, in which joints have been 
widened or channels have been dissolved under past or present condi
tions of drainage. 

The strata of the Ohio section which are not water-bearing are (1) 
shales, the finer grained the less productive; (2) impure sandstones in 
which shaly particles fill the spaces between the sand grains to a greater 
or less extent, sandstones in which the cementing matter is carbonate 
of lime also belonging in this list; (3) limestones when lying below natu
ral drainage and dolomites in th~ same situation which have not resulted 
from the replacement of carbonate of lime by carbonate of magnesia. 

The porous rocks of this series are more easily recognized from the 
fact that they are from time to time occupied by petroleum or natural 
gas, for the reservoirs of these substances are in all cases water-bearing 
rocks. 

With these facts in mind a brief review of the scale of the State will 
be made at this point. The several strata will be considered in ascend
ing order. 
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TRENTON LIMESTONE. 

Whether the Trenton limestone has any outcrop in Ohio is a disputed 
question. The late S . .A. Miller, of Cincinnati, in a paper read before 
the Cincinnati Society of Natural History, :first advanced the claim 
that the Point Pleasant quarries of the Ohio Valley belong to this 
horizon. The late W. M. Linney, of the geological survey of Ken
tucky, in a paper published in 1882, also held that the same mass of 
limestone belongs to the horizon above indicated. He based his belief 
on a series of closely connected sections which he had fol1owed from 
undisputed outcrops of the Trenton in central Kentucky to this point. 
On the other hand, the late Joc;eph F. James, in a paper that appeared 
a few years ago, held; on paleontological grounds, that the Point Pleas
ant quarry rocks are indistinguishable from the Hudson River rocks of 
the Cincinnati section. Following the series southward by the records 
of the drill from the Findlay gas and oil :field, I concluded that the 
limestone of Point Pleasant could best be referred to the Trenton 
horizon. This opinion I still hold. 

But however the facts in .regard to the strata outcropping in the 
Ohio Valley are construed, there is no room for doubt that the Trenton 
limestone underlies in characteristic and unmistakable .form, at a depth 
of from 1,000 to 2,000 feet, all of the northwestern quarten of the State, 
and also that it occurs at a still shallower depth in southwestern Ohio. 
In fact, every consideration makes it probable that the Trenton lime
stone is the universal floor of the entire State; though its presence has 
thus far been proved at but comparatively few points in the eastern 
half, yet in every well drilled deep enough to reach its horizon the for
mation never fails to reveal itself with unmistakable distinctness. 

The Trenton limestone of southwestern Ohio and of the Kentucky 
outcrops is a gray or light-blue limestone, occurring in somewhat heavy 
and fairly even-bedded courses. In composition it is, as a general 
rule, an impure limestone. This fact is well shown in the Point 
Pleasant limestones,-which, whether or not they belong to the Kentucky 
Trenton, agree closely with the latter in both physical and chemical 
characteristics. .Analysis of the Point Pleasant beds.shows the follow
ing results: 1 

.Analysis of Point Pleasant limestone. 

_______________ c_on_s_ti-tu_e_nt_. _______________ 
1 

__ P&o~t. I 
Carbonate of lime ..........••....•... - ..... "... 79. 30 I 
Carbonate of magnesia ......... __ --......... _... 0. 91 

Siliceous matter ................ -- ...... ----.... 1:. ~~ I 
~A_I_u_m_i._n_a_a_ud __ ir_·o_n_._-_--_·_·_--_-_-_ .. _·_·-_-_·_··_-_··_·_·_--_·_·--·~~ 

J Geol. Survey Ohio, Vol. I, 1873, p. 374. 
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Most of the Trenton limestone of Ohio is of substantially this compo
sition. It is scarcely necessary to say that a rock like this, especially 
when below drainage, is never in any sense a porous rock, and conse
quently can not be a reservoir of water, oil, or gas. 

There is, however, a phase of the Trenton limestone, as revealed in 
the underground geology of northwestern Ohio and in adjacent por
tions of Indiana, which is porous to a high degree and which has 
become on this account within the last few years one of the most 
famous strata of the country. In the districts named it is a prolific 
source of oil and gas. The same phase finds an outcrop in the Galena 
limestone of Illinois and Wisconsin and in the Upper Division of the 
Trenton limestone of northern Michigan. I refer this phase to the 
second division of porous rocks, as described on a preceding page
that in which a dolomite has resulted from a replacement of one-half 
of the carbonate of lime by carbonate of magnesia. That such replace
ment has taken place seems certain from the following facts, viz: There 
are isolated areas of true carbonate of lime included in the dolomitic 
areas. Even in Findlay, which is a great center of Trenton dolomite, 
the limestone found in a single well proved to be true limestone instead 
of dolomite. This well was essentially unproductive. .Again, in frag
ments brought up by the sand pump a crinoidal limestone is often 
represented. Such a limestone was originally a true calcareous rock, 
and the change to its present dolomitic condition is the result of chem
ical action subsequent to its formation. By this change its porosity 
can be well explained. The atom of magnesian carbonate occupies 
less space than the corresponding atom of calcium carbonate which it 
displaces, while the entire volume of the rock is supposed to remain 
unchanged. Dr. T. Sterry Hunt estimated that the porosity of Cana
dian dolomite ranges from 10 to 13 per cent. Prof. J.D. Dana has cal
culated the porosity of Ohio dolomite, and makes it from an eighth to 
a tenth of the volume of the rock.1 Dr. George P. Merrill makes the 
porosity of a pure dolomite, on this theory of origin, to be 12z per 
cent.2 

It is only the uppermo~t beds of the Trenton limestone in Ohio that 
have suffered these transformations. Sometimes the change is con
fined to a very few feet; rarely it extends as far as 100 feet below the 
surface. The oil-well driller readily distinguishes the dolomitic beds 
by the appearance of the drillings. The dolomite constitutes what 
he calls the "oil sand" or " gas sand," as the case may be. This por
ous section of the Trenton limestone is not only a reservoir of oil or 
gas, but is equally available as a reservoir of water. A strong brine 
generally occupies it where gas or oil is wanting. A peculiarity of this 
brine is that the chlorides of calcium and magnesium frequently exceed 
m amount the chloride of sodium. 

It is necessary to keep in mind what bas already been stated, viz, 

I Personal letter to the author. 2 Rocks, Rock Weathering, and Soils, p.160. 
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that the porous phase last described is local and limited in development, 
and that the great mass of the formation is essentially an impervious 
rock. 

Though the Trenton limestone is the lowest stratum that has an out
crop in the State, we get in southwestern Ohio frequent evidences that 
a porous rock underlies it at a· depth of 400 to 600 feet below its upper
most beds. In well~ drilled to this level flows of a brine rank with 
sulphureted hydrogen rise to the surface. This brine is commonly 
known as "Blue Lick" water. The stratum which bears it can be 
called either an impure limestone or a calcareous sandstone. It is gen
erally referred to the St. Peter's sandstone of the Calciferous horizon. 
Sometimes it has happened that many weak flows of brine have been 
found as the drill descended to unusual depths. This experience was 
especially marked in Springfield and Dayton, where, the drill was 
carried to a depth of 1,200 to 1,600 feet below the top of the Trenton 
limestone. 

UTICA SHALE. 

The Utica shale is found in unequivocal and unmistakabl~ charac
teristics in the deep wells of northwestern Ohio. It has the normal 
or typical features of the·formation in New York in every respect, as 
color, grain, thickness, and even fossils. A few fragments of the shale 
brought up in the sand pump from the wells of Findlay, Bowling Green, 
and other localities have yielded at least two of the most characteristic 
fossils of tLe formation, viz, T-ria,rthrus beclci and Leptobolus lepis. This 
stratum can be traced in all directions from ],indlay, w~1ere the original 
identification was made, as a bed of dark brown or black shale, 250 to 
300 feet in thickness, expanding to the eastward and thinning to the 
westward and also to the southward. In the last-named direction it 
approaches the outcrop of the stratum in southern Ohio and northern 
Kentucky, and as followed southward the black shale is found grad
ually to disappear, being replaced by blue or gray limestone, interstrat
ified, to some extent, with shale of the same color and indistinguishable 
from the underlying Trenton of the Kentucky scale. The limestone 
carries, however, some of the distinguishing fossils of the Utica~ though 
not restricted to these, and bas been positively identified as tbat forma
tion on this ground alone. The lowermost 50 to 100 feet of the Cincin
nati section have been thus referred by some geologists. 

The Utica shale, as its name would ~warrant us in expecting, is, in the 
main, an impervious stratum. It is not, however, so close grained as 
many other shale formations, and pockets of gas and small reservoirs 
of salt water are frequently disclosed in it by the passage of the drill. 

19 GEOL, PT 4--41 
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HUDSON RIVER.FORMATION. 

The Hudson River formation in Ohio, both under cover and iu out
crop, is a series of interstratified shales and limestones. Both elements 
are generally gray or blue in color, and both are fossiliferous to a high 
degree, especially in the outcrops of the formation. The series as 
shown in southwestern Ohio is 700 to 800 feet thick, and the average 
undergound measure is not very far removed from tlH~se figures. But 
the volume of the stratum increases slowly from the center of the State 
eastward. Like the Utica, it grows thinner westward and southward. 
The shale is very close and fine grained, and, consequently, it is, as a 
~rule, almost entirely impervious~ but in exceptional instances pockets 
of gas, sometimes under high pressure, are found in it, and whenever 
such occur light" veins of salt water are liable to be met. On the 
whole, it is under cover a typical representative of a dry or nonporous 
rock. In outcrop it is one of the poorest of water bearers. Shallow 
w-ells that are dug in it sometimes obtain a precarious and scanty sup
ply of water highly charged with lime and otl1er common minerals, the 
water seeping in from the beds that are traversed by the shaft, but 
there is not a formation of equal volume. in the Ohio column that car
ries so little water as the Hudson River group. 

MEDINA SHALE. 

The Medina shale is found next in ascending order. It is the repre
sentative of a stratum of sandstone and shale that holds a very 
important and conspicuous place in the New York column. The sand
stone, which is by far tbe more important element in this series, gives 
its name to the entire formation, which is accordingly known as the 
Medina sandstone. This stratum is made especially conspicuous by 
its color, which is prevailingly light red, though many beds of it are 
gray or white. The softer or shaly portions of the series are also red in 
color. The thin bed of reel shale which occurs in southwestern Ohio, 
just at the junction of the lower and upper Silurian formations, was 
many years ago referred with some hesitation to the Medina horizon, 
on the basis of its position and color.1 This reference has been abun
dantly sustained by the results of the drill during the last fifteen years. 
The Medina has been followed in consecutive well records from northern 
Ohio, where it is unmistakably present in a section normal as to thick
ness and color, to southern Ohio, where it is found in outcrop at the 
surface, and the red rock of the deep wells of Hancock County, for 
example, and that of the outcrops in vVarren County are demonstrated 
to be one and the same. In the western half of Ohio this formation is 
almost entirely represented by shale, but in the eastern half sandstone 
courses, generally thin, are usually found. Sometimes even small peb
bles occur in the Medina, both at the north and the south. Whether 

I Geol. Survey Ohio, Report of Progress, 1869, p. 148. 
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tlle white sandstone, which is the gas rock of the Lancaster, Thurston, 
and Sugar Grove gas fields, belongs to the Medina horizon, or to the 
Clinton, to wllich the gas was at first referred, remains at present an 
open question. .At any rate, the gas rock has not proved a prolific 
source of water at any point thus far. InN ew York and Ontario, how
ever, it is a reservoir of gas and water on a very large scale. 

CLINTON GROUP. 

The Clinton series is one of the most distinctly marked elements in 
the geological scale of the country at large. Its outcrops are confined, 
so far as Ohio is concerned, to the south western portion of the State; 
here its thickness seldom exceeds 40 feet, and sometimes falls to less 
than 20. Under cover in central Ohio, to the eastward it seems to 
thicken to 60 or even to 80 feet in some sections. It consists of lime
stones of various grades, some of which show remarkable· purity. It is 
often made up of crinoidal fragments so loosely cemented as to make 
in outcrop a water-bearing stratum. It graduates into calcareous 
shales below and also bears at its upper limit a peculiar deposit of fine
grained clay, bluish white in color, which proves impervious to perco
lating water. This layer does not often exceed 1 or 2 feet in thickness. 

The Clinton is marked by high colors, owing to the presence of iron 
in it, which gives rise to various shades of red, yellow, and blue. A 
characteristic iron ore also occurs, fragments of which have been 
brought up from 2,000 feet or more in Jrillings. .Aside from t.he facts 
already reported, it is on the whole an impervious stratum, but one of 
the finest lines of springs of the State characterizes the peculiar devel
opment above referred to. The water sinks through the criuoidal frag
ments of the formation until it reaches the underlying Medina shales, 
and at this point~ which is the boundary between the Upper and Lower 
Silurian, the springs in question occur in fine development. Thesr, 
facts are well exhibited in Preble County. 

NIAGARA SERIES. 

The Niagara series, which comes next above the Clinton, is a com
pound system so far as its composition is concerned. Its lower portion 
is a fairly close-graineu shale, while its uppermost division is mainly a 
dolomitic limestone of the type already described as due to replace
ment. The shale has a inaximum thickness in Ohio of 100 feet, which 
is reached only on the southern border of the State. The limestone 
element of the formation shows a maximum of 300 feet in thickness; 
this is also reached in southern Ohio. The shale is a characteris
tically impervious stratum. The limestone is water bearing in some 
areas and in certain beds, but it is not to be counted water bearing on 
a large scale like a homog~neous sandstone of the same thickness and 
extent. 

~rhe Niagara shale includes in southwestern Ohio lenticular beds of 



644 'I HE ROCK WATERS OF OHIO. 

'a well-characterized limestone which is widely used and widely known 
as Dayton stone. This is impervious in itself, but is traversed by 
joints which often allow a fairly free descent of the water that reaches 
the surface of the limestone. The composition of the Dayton limestone 
is shown by the following figures: 

Analysis of Dayton lintestone. 

~ ____ G•n_s_ti-tu_e_nt_. -----------

1 

Carbonate of lime .................. --·--·--·--· 
Carbonate of magnesia. _ .. ___ ...... _ .. _ .. __ . __ . 

Alumina and iron .. __ .. _ ... _ .......... _ ... _. _ .. 

Siliceous matter ..................... -... _ ... _ .. 

Pe<cent I 
92.30 I 
1.10 

o. 53 I 
1. 70 

~-----------------------------------------_j 

Like the Medina shale already described, the Niagara shale attests 
its impervious character by turning outward much of the water that 
sinks to its surface. These springs, though g~nerally lacking in 
strength, mark the horizon with great distinctness. 

Tlte limestone portion of the Niagara bas proved a generous source 
of stored water in stations where it lies comparatively near the surface 
an4. has been exposed to atmospheric agencies in its pre-Glacial history, 
by which its seams and joints have been opened on a considerable 
scale. In such cases the surface water descends bodily to the imper
vious bed and furnishes in many instances a large supply of water. The 
latter has generally been cladfied in its descent, but little or nothing 
has been done toward its purification. Wells drilled into this stratum 
are sometimes found to be charged with grosser impurities than are to 
be found in almost any othe.r formation in our column, but the next 
element above it in like situations shares the same characteristics. 
The composition of the best phases of the limestone is 'indicated by the 
following analyses: 

Analyses of 1-liag'm·a limestone. 

Constituent. 
' ' a t• I' 

Per cen:. Per ce~~t. J':e: ce~~t. 1 P~r cenf.i P~~ c~nt. 
·1 Carbonate of lime .... - _ ....... ·. _. 54. 2::> 53. t7 ::>3. ::>0 o3. 48 ' ::>::>. ::>9 

Carbonate of magnesia .... _. . . . . 43. 23 44. 76 45. 79 ! 42. 25 i 43. 76 
! A,lumina ancl iron ...... _ . . . . . . . . 1. 80 . 39 : . 39 , · . 40 . 42 

I Siliceous matter ....... _ ...... -.-I . 40 . 59 I . 31 I 1. 53 j 3 
1, Hillsboro; 2, Springfield; 3, WoodYille; 4, Bowling Green; 5, Genoa. 

ONONDAGA SERIES. 

The Onondaga system, known in Ohio reports as the Water-lime, and 
perhaps including also beds of the Lower Helderberg series, is by far 
the most important limestone in the State so far as the areas occu-
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pied in outcrop are· concerned and the thickness which it maintains, 
particularly in the northern and western portions of its area .. Its 
maximum development in thickness is not far from 600 feet, but this 
measure is found only by the drill. In outcrop exposures it rarely 
reaches 25 feet, and perhaps never exceeds 50 feet. From these fine 
exposures in southern Ohio it thickens to the northward and eastward. 
In Highland County an included section shows it to be but 20 feet in 
thickness, 1 while in the deep well drilled at Columbus nearly 500 feet 
were referred to it on the satisfactory evidence of the drillings and the 
fragments that were brought to the surface. By far the most impor
tant areas of this ~tratum, so far as thickness is concerned, are covered 
with the deposits of the drift, which themselves are often very heavy. 
In composition the Rtrat.um can best be described as. dolomite. For 
large districts the exposed portions of the series are exceptionally pure, 
constituting an almost typical double carbonate of lime and magnesia. 
This is shown in the following analyses, viz, of the Greenfield stone 
from southern Ohio and of the Genoa stone from the northern section 
of the State: 

Analyses of li1nestoues of Onondaylt series. 

~----------

1- _ Constituent. 

Carbonate of lime .... _ .... _ ..... _ .... 

Carbonate of magne.,ia .... _ .. 0 ••• _ ••• 

I 
Alumina and iron . ___ ............... . 

Siliceous matter._ 0 _ •• _ ••••••••••• _. 0 0 

L_ __ _ 

1. Green
field. 

Per cent. 

53.67 
42.42 

1. 30 

2.42 

2 .. Rocky 
Ridge. I 

Per cent. I 
54.10 I 
44.27 

o. 29 I 
0.87 J 

In other districts, aud notably in northwestern Ohio, while still dolo
mitic ln general character, the rock is rendered to some extent impure 
by the presence of iron and alumina, which are so blended with it that 
its character is gradually changed. This type is most characteristically 
shown in Allen and Hardin counties. It is worked on a large scale in 
the quarries of Lima and Dunkirk for rough masonry and for railroad 
bal1ast. In color this phase is dark blue. The rock is very tough and 
stubborn. It bears abundant and unmistakable evidence of shallow
water origin in the sba.pe of mud cracks which cover its surface. Ripple 
marks are not often found on it .. It is mainly made up of thin beds, 
2 to 4 inches in thickness, but occasional layers 6 to 8 inches thick are 
found. Fossiliferous beds occur here in better development than in 
most parts of its extent. 

This type is not especially soluble, and the joints consequently have 
not become greatly widened in the course of its history, but they 
have sufficed after all to allow the surface water to descend with a 

I Geol. Survey Ohio, Report of Progress, 1870, p. 283. 
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considerable measure of freedom, and the Onondaga· series will be found 
to be the most important water-bearing stratum of the entire column 
of the State. 

The second type of this stratum remains to he named. It is seen at 
its best in both northern and southern Ohio. .At Greenfield it is 
remarkably even in its bedding, the courses usually ranging from 4 to 
12 inches in thickness. The rock is a nearly pure dolomite, as the 
analysis already given shows, the principal foreign element being silica. 
It answers equally well for lime production and for building purposes; 
and is also used in a large way for curbings and crossings in city streets. 
It is not strong enough for block pavements, though sometim~s applied 
to this use. Toward the north its bedding becomes uneven and its 
courses thin and irregular. In this condition, while often retaining its 
purity of composition, its main use is in supplying a fine quality of 
magnesian lime, as can be seen from ·the analyses already quoted. 

This phase of the limestone is very soluble, and its joint planes are 
often open fissures which allow a very free descent of surface water. 

Caves and underground channels are often found in this formation. 
They are far more frequent than in any otller limestones of the State. 
Some of the most famous springs of the State belong to the Onondaga 
series, as, for example, Campbell's spring, in Pike County, and the 
Castalia spring of Erie County, both of which will be described at 
length on succeeding pages. 

DEVONIAN LIMESTONE (CORNIFEROUS). 

A limestone of Devonian age, which constitutes an important element 
in the geological column of the State, comes next in review. There 
are two fairly distinct divisions of this series, established on both 
paleontological and lithological grounds, known as the Columbus and 
Delaware divisions, but in an account of the relations of the formation 
to water no such division is required. The upper or Delaware portion 
of t.be series is distinctly less pure in composition, but no part of this 
series has in itself any storage qualities. Beiug a fairly pure limestone, 
its joints have been widened by solution where exposed to the atmos
phere so as to allow a tolerably free descent of water from above, which 
does not, as a rule, descen4 into the earth to any considerable depth . 
.A thin bed of shale or clay separates in many instances this limestone 
sheet from .the stratum next below it, so that the formation now under 
consideration gives rise to numerous springs. The latter make many 
important contributions to the Scioto River in its course througlt 
Franklin County. Some of the springs furnish relatively large vol
umes of water and exemplify in their flow the geueral character of 
limestone springs, beiug evidently subterranean streams for a consid
erable distance back from their point of emergence. The famous 
Wyandot spring, that enters the river 5 miles above Columbus, well 
illustrates this mode of origin. 
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DEVONIAN SHALE. 

The Devonian shale, a considerable and complex series, represents a 
half dozen stratigraphical elements, more or less, of the New York col
umn, but in its Ohio development it consists essentially of fine-grained 
and impervious materials from top to bottom. It is perhaps the poorest 
reservoir of water that the State a:tl'ords. Yet even in this great mass 
of shales some sandy zones occur which are occasionally found charged 
with gas, oil, or" salt water. It is also to be noticed that where impor
tant sections of the shale have been exposed to the weathering agencies 
of the atmosphere for a long time a certain measure of permeability 
bas been gained by them through the superficial enlargement of their 
joints and by the solution of some of their constituent minerals, espe
cially by the decomposition of pyrites, which is generally abundant in 
the substance of the shale. 

The Devonian shale ranges in thickness from 250 feet on its western 
outcrop to at least 2,500 feet in eastern Ohio. 

The water that is supplie~ in exceptional localities by the shale is in 
all instances highly mineralized? carrying sulphureted hydrogen, sul
phate of alumina, and sulphate of iron, as well as other compounds of 
this last-named element. The presence of sulphureted hydrogen is, in 
popular judgment, generally sufficient to place such springs in the list 
of medicinal waters, and many of them, not only in Ohio but in other 
States as well, have acquired reputation in this respect. 

BEDFORD SHALE AND SANDSTONE. 

The Beclford shale and sandstone make up in the large way a shale 
formation, and one which is c;onsequently destitute of water, bnt the 
sandstone which constitutes its upper member in some parts of the 
State may possibly serve as a storage bed tor water in limited quanti
ties. No cases of this sort ha.ve, however, beeu noted. 

BEREA SANDSTONE AND SHALE. 

The Berea sandstone and shale form oue of the most important of 
the reservoir rocks of our: entire column, but for reasons that can easily 
be recognized, it produces fresh or potable water in but few and unim· 
portant instances. It is essentially a drillers' rock. Salt water, oil, and 
gas are likely to be found anywhere in it, and its bituminous contents 
are sometimes extraordinarily valuable. It is the most important of the 
earlier developed oil rocks of Ohio and commands great consideration 
also in West Virginia and Pennsylvania. It is a gas rock in some 
territory, and when the reader is reminded that it constitutes the 
famous Murrysville gas sand in western Pennsylvania, he will see that 
no other stratum takes higher rank in this line. It is found to be 
an oil rock as soon as followed under cover. At Mecca, Trumbull 
County, it bas proved a valuable repository of' oil, aml here its only 
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cover is 20 to 50 feet of bowlder clay. In the Grafton oil field the 
Berea grit is less than 200 feet below the surface, and yet a small oil 
production has been maintaineil here for forty years. At no greater 
depth, iu many instauces, salt water is found in this formation; but it 
is when the stratum has 750 to 1,000 feet of cover that it gives the best 
results as a source of brine. The recent discoveries of vast beds of 
rock salt in various parts of the country have made it economically 
impossible to work any longer these deep stocks of weak brine, such as 
the Berea grit aud other formations of our column so generally contain. 

The thickness of the Berea grit ranges from 5 to 100 feet, and it is 
everywhere directly overlain by the Berea shale, a dark or black shale, 
15 to 40 feet in thickness, which is notal ways easily separable from the 
next higher element in the series, namely, the Cuyahoga shale. The 
Berea shale is a close grained but rather soft deposit which has yielded 
easily to glacial erosion, and is therefore to a cousiderable extent want
ing on the western outcrop of the grit, but its place is in such cases 
generally occupied by bowlder clay1 which is as impervious as the natu
ral cover would be. This fact accounts for the sparing occurrence of 
fresh-water springs along the outcrops of the Berea-sandstone, to which 
attention was called on a previous page. 

CUYAHOGA SHALE. · 

The Cuyahoga shale is at the best but an indiff:erent and capricious 
water bearer, but it is not so barren of water as the great Ohio shale
No. 9 of the table on p. 638. Though composed principally of fine
grained mud rock it also includes in some sections considerable bodies 
of sandstone, and no sections can be found of 200 feet or more in thick
ness that are altogether destitute of these sandy elements. Immersed 
as these sand~?tones are in shale, they very seldom furnish spring·s 
along their outcrops or supply potable water to the drill. Such water 
as they contain is generally saline. 

LOGAN GROUP. 

The Logan group is less definitely bounded and characterized than 
any of the formations that have so far been passed in review. In dif
ferent sections of the State it consists of different elements, or at least 
of elements whose proportions vary greatly in different sections . 

. Shales, sandstones, and conglomerates enter into its composition 
everywhere~ but in the southeastern quarter of Ohio the dominant 
feature is a massive conglomerate that is found at its best in outcrop 
in Licking and Fairfield counties. It is in this element that the chief 
interest of the. formation as a water bearer lies. Under cover this con
glomerate, known as the Big Indian sandstone of the Ohio Valley, is a 
famous source of salt water and occasionally of oil and gas. Of course 
it is only when comparatively near its outcrop that it is found as a reser
voir of potable water. It ia not certainly known to furnish a public 
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water supply to any town in the State at the present time. The con
glomerate has a maximum thickness of 75 feet, but the entire formation 
measures 11ot less than 300 feet in its full development. 

C'ONGLOMERATE COAL MEASURES. 

The Conglomerate Coal :Measures form a division of our column 
which is well-nigh as important in: its relations to water supply as it is 
in relation to other economic interests. In fact, its water production 
may be counted ·even more important than its coal production, look
ing to the future. In a few years the coal win have been exhausted 
from the rocks of this age~ but they will still remain for an indefinite 
period a source of good water supply. This division is characterized 
by three great sandstones, more or less conglomeratic, that are sepa
rated from each other by shales, coal seams, fire clays, and even by 
thin beds of limestone and iron ore. The sandstones, or conglomeratic 
elements, are the three following, named in descending order: Home
wood sandstone, Massillon sandstone or conglomerate, Sharon con
glomerate. 

Each of these divisions reaches a thickness in some portion of its 
extent of 80 to 100 feet. They are composed almost exclusively of 
coarse and" clear quartz saud, among which are irregularly distributed 
quartz pebbles. The sand is occasionally fine grained for small areas, 
and layers of shale occur in the same regions, but as a rule the sand
stones are freely open to water and seem to contain nothing which 
would in any way impair its purity. 

LOWER COAL MEASURES. 

The Lower Coal Measures of the Ohio scale are as thoroughly known 
to us as any other portion of our column. We find in them the sand
stones named below, which are generally coarse in grain and of fair 
thickness, varying from 10 to 40 feet. All are water-bearing, though 
in many instances they have no fair chance to replenish their stocks 
when once reduced. The sandstones to be enumerated are the follow
ing: (1) The Kittanning sandstone, between the Lower and Middle 
Kittanning coals; (2) the Lower Freeport sandstone, an important and 
persistent element of the scale, particularly in southern Ohio, where it 
often makes the roof of the Middle Kittanning coal; (3) the Upper 
Freeport sandstone, a less massive stratum that overlies the coal of the 
same name. It is poor in grain, and springs occur but infrequently 
along its outcrops. All of these sandstones have faint conglomeratic 
phases. 

LOWER BARREN MEASURES, UPPER PRODUCTIVE MEASURES, 
UPPER BARREN MEASURES. 

The group of strata now to be considered constitute the three highest 
elements of the Ohio column. They are not as a rule so well known as 
those that have already been passed in review, but some of their 
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strata are important in the present connection. The first seam to be 
named in the ascending order is one of the most important as a water
bearer in the entire list. It is the 1\fahoning sandstone, the lowest 
stratum of the Barren Measures. It is coarse or medium, never fine; 
in grain, and bas unusual steadiness for a coal-measure sandstone. It 
has a considerable range in thickness, varying from 40 to 100 feet. It is 
feebly conglomeritic in places, especially in its uppermost portion. 

There is a great deal of shale in the division which is not water-bear
ing. Limestones, some of them of considerable volume, also charac
terize this group. On the whole, these divisions must be counted poor 
in water. One of the highest elements in the series is the Pittsburg 
~andstone, but its quality in respect to storage of water is indifferent. 

THE DRIFT. 

The waters derived from the drift constitute by far the most impor
tant section of the supply of the State, but, aside from the few districts 
in which they appear in flowing wells from comparatively deep sources; 
they are not to be treated here. Mr. Frank Leverett's investigations, 
the report of which has already been published by this Survey,1 .have 
been mainly restricted to the ordinary drift wells of Ohio. • 

GENERAL CHARACTERISTICS OF ·wATERS OF DIFFERENT 
DEPTHS. 

Before taking up the water derived from each of these rliff'erent 
sources, we must consider a few general principles that apply to all. 

1. The subterranean waters from a comparatively shallow depth 
carry, as a rule, dissolved carbonates. Lime and magnesia are the 
leading bases, but potassium and sodium sometimes also occur in small 
quantities. Iron is unfailingly present and often in notable quantity. 
These wells are common sources of potable supply. 

2. Water from a greater depth holds dissolved chlorides as well. 
Oh1oride of sodium is by far the most common, but chlorides of mag
nesium and calcium are often added. Such waters are generally called 
saline. The presence of chlorides is seldom shown in water at less t~an 
100 feet in depth, and where found they are confined to a few forma
tions of the Ohio column. It is very rare that the drill descends to 300 
feet without. encountering saline water, or water too highly mineralized 
with other elements to be acceptable for the highest uses. Aside from 
that of a few wells in glacial drift, no water of the State is known that 
comes from a depth greater than 500 feet and still remains free enough 
from mineral solutions to warrant its use as potable. 

3. Sulphates are generally found in the deeper waters, but are some
times also found iu the shal1ower waters. The most common compound 
is calcium sulphate, but sodium sulphate is not infrequent. 

4. Sulphides also, particularly snlphureted hydrogen, though often 

1 Eighteenth Ann. Rept. (for 1896-97), Part IV, 1897, pp. 47-h555. 
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rising to the surface in so-called sulphur springs, are especially charac
teristic of water found in limestones, and nearly all the water of the 
great Ohio shale system is characterized in this way. Sulphides pass 
into sulphates very promptly and by reactions easily understood. 

DESCRIPTION OF WATERS FRO~f THE STRATA ABOVE 
NAMED. 

The waters derived from the several 'formations above named will be 
next considered, and they will be taken up in the order of the preceding 
review. Only those cases will be treated at length in which conspicu
ous and important production is found in a stratum. 

\ 

TRENTON LIMESTONE. 

All the water that we know from the Trenton limestone in Ohio is 
that derived from deep drilling, or, in other words, from the oil and 
gas wells of northwestern Ohio. Our largest knowledge of it comes 
from the counties where the drill has been employed for the longest 
time and in the greatest number of wells. The counties are as follows: 
Lucas,'Ottawa, Sandusky, Seneca, Hancock, Allen, Auglaize, Mercer, 
and Van Wert. Other counties adjoining those named make some 
additions to this list, but the most striking instances will be found in 
the counties named above. 

The waters from this ]ower horizon, so far as examined, seem to have 
many features in common. They are all far remm·Ted from a potable 
character. All are highly mineralized and have a strong bitter or 
saline taste. They contain large quantities of chlorides of sodium, 
magnesium, and calcium. A marked peculiarjty bas been claimed for 
them in this respect, that tile two compounds last named frequently 
exceed the first, or the .chloride of sodium-a somewhat unusual fea
ture in underground waters. It does not appear in all of this deep 
water. They are also universally rank with sulphureted hydrogen. 
Sulphates have not been reported in them thus far. 

These waters are mostly artesian, as is shown by the fact that they 
rise under considerable pressure, sometimes, though rarely, flowing from 
the well mouth, but generally stopping from 100 to 300 feet below the 
surface. In some of the best marked

0 
examples, noted at the time when 

drilling was most active, twelve years ago, water was found to rise in 
widely separated regions to approximately the same absolute height, 
viz, to about 600 feet above tide. Whether the wells flow depends on 
the altitude of the surface. Where the surface is below the 600-foot 
line the water, of course, escapes from the well m(mth; but ·where the 
surface is higher the water falls as much below as the height of the sur
face exceeds that figure. Subsequent observations, though compara
tively few in number, have substantiated the same conclusion. Oue of 
the latest examples is found in the recently developed oil field of Oregon 
township, Lucas County. In a well drilled there in 1896 an amazing 
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flow of salt water was unlocked in the Trenton limestone. The height 
of the surface at this point is somewhat less than 600 feet above tide, 
and consequently the salt water flowed strongly from the well mouth. 
The owner of the well applied a pump to it to reduce the salt water, if 
possible. After vigorous and steady work for many days he succeeded 
to the extent of bringing in a considerable amount. of oil from its higher 
level in the rock. But the oil production was maintained only while
the pumping was continuous. 

In a well drilled at Lindsay, Ottawa County, in 1886, the salt water 
rose very nearly to the surface. The water came from a depth of 70 
feet in the Trenton limestone and reached an altitude of practically 600 
feet above tide. In Hancock County cases have occurred by the score 
in which the salt water rose in great volume, whenever tested by 
the pump, to the level named above, which might generally be 
reached within 100 to 300 feet of the surface. In Wood County a well 
on the Halsey farm produced for some time a thousand barrels of salt 
water per day. With the water it also yielded 300 barrels of oil for 
the first few months. The oil has since fallen away to less than 100 
barrels, while the volume of water is maintained. 

A careful study of the waters of the Trenton limestone was made by 
Dr. T. S. Hunt in his Chemical and Geological Essays. The results of 
his study are incorporated in an interesting paper iu that volume. 
The waters that he discussed are not, however, deep water~, but are 
such as occur in springs and shallow wells in this formation in Canada. 
The analyses given by him show the same general constitution that 
characterize the deep waters of Ohio when the rock is penetrated to the 
same horizon. I append a number of Dr. Hunt's analyses: 

Analyses of T1·enton limestone 'Watm·s. 

[Grains to the gallon.] 

--c-.~,titneut. :_Wbit:Y·.Js~~f.":•· C•ledonia Lan"•'•·l 

Sodium chloride. ........ _ ...... _. 1~. 91581 29. 8034 12. 2500 1 11. 1400 
Magnesium chloride. . . . . . . . . . . . . 9. 5437 3. 3977 i 1. 0338 i • 2790 
Calcium chlori,le...... . . . . . . . . . . 17.5315 14. 8544 : . 2870 1 • 2420 
Potassium chloride.~ ...................... ' ... - ...... 

1

' . 0305 / . 1460 
Barium and strontium chlorides.; .......... 1 

••••••••••••• - •• • • •• • 0488 
Sodium bromide ....... -----· .... : .24821---·-· .... , .0238 .0283 
Sodium iodide .. __ ..... ___ ... --.-I . 0008 ! . 0042 ! • 0021 . 0052 
Magnesium bromide .. _. _ ... __ ......... . . . . . . . . . . . . . . . 0238 . 0283 
Magnesium iodide ...... _ ..... __ .: ...... ___ ·I·......... . 0021 . 0052 
Calcium sulphate .... -.... -. - .. - .

1

------ --- · 2. 19231. · · · · · ·- · · ----- · · ·- · · 
• • 

1 

! O?<J- o--') S1hca ... ___ ... __ ... _ ... __ ... _ .. ·/· ....... _ . . . . . . . . . . . . __ ;:, . <>D ... 

Barium and strontium sulphatv .......... _. ! .. -- ......... -....... _. -- .. __ .. 
Calcium carbonate . ___ .......... 1 

• 0411 [.... . . . . . . . 1264 . 4520 
Magnesi urn carbonate._ .. _. _ ..... , . 0227 · . . . . . . . . . . . ~~~: ~ . 4622 

I Barium and strontium carbonate.: ............ - .. -.--. . <><>DD • • 0243 

L_ Tot~~-s~lid~ .. _ .......... ·I 46. 3038 50. 6075 : 14. 6893 I 12. 8830 
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A deep water derived from some part of the Trenton limestone in a 
well drilled at Ripley, Brown County, Ohio, h'as been put on the mar
ket as a'' Brom-Lithia" water. An analysis by Prof. Karl Langen beck 
shows the following composition: 

Analysis of water of well at Ripley, Ohio. 

I Grainsper 
Constituent. imperial 

gallon. ___ , 
Silica ...... _ ... ___ . _ . _______ ... _ . _ ... ___ .... . 

Alumina ..... ___ . _________ ... _ .... __ .. __ ... _. 

Ferrous sulphide ... __ ..... __ .... _ ........... . 

Ammonium sulphide ........................ .. 

Calcium sulphide .. _. ......................... . 

Magnesium sulphide ......................... . 

Calcium hydrosulphide ...................... . 

Calcium sulphate ........................... .. 

Magnesium bromide ..... _ ................... . 

Sodium chloride ............................ .. 

'I Potassium chloride ........ _ ..... _ ... _ ... ___ .. 

Lithiu-m carbonate ........... _ ............... . 

2.0300 
.0850 
.0520 
. 7750 

18.6330 
24.0890 
3.2300 
1. 8250 
.6570 

663.4530 

18.9~00 I 
.i.l. 0:>00 

, A single analysis of the deep brine of the Trenton limestone from 
northern Ohio is here introduced. The work was done for the State 
board of health by Prof. N. W. Lord. 

~-l.nalysis of watm· of 11·enton limestone. 

C Constituent. I Graius per gallon. 

----~---

Potassium sulphate._ ....................... .. 

Potassium chloride ......................... .. 

Sodium chloride .. _ ................ _ .. _ ..... .. 

Calcium chloride ...................... _ ..... . 

Calcium carbonate .. _ ......... , ........ _ .... . 

Magnesium chloride .................• __ .. __ .. 

Iron oxide ... __ .. _ . __ ........ __ ........ __ ..... . 

Alumina .................................... . 

I SiliCa and silicates ........................... . 

otal solids .............. __ .......... _ .. . 

4.66 
56.24 

2,384.40 
471.90 
25.83 

354.00 
. 08 
.10 

7'J 

3, 297:9:-1 

This water was taken from well No. 8 on the Halsey farm, Plain 
Township,· Wood County, 2 miles west of the court-house square in 
Bowling Green. The well has been a generous producer of salt water 
and oil from the beginning. The depth from which both products are 
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raised is 1,256 feet. The salt water does not flow from the well mouth, 
but when left to itself "rises to considerable height in the well. The 
constant pumping to which this and hundreds of other wells in the 
vicinity are subjected has had a greater or less influence on the salt 
water. At the first drilling of the well it yielded 300 barrels of oil per 
diem and continued this production for a number of months. At the 
same time it yielded as much as 1,000 barrels of salt water. The oil 
production of the well has latterly fallen to 100 barrels per diem, but 
the water still continues in large volume. The character of the water 
is marked, as the figures given above show, but the chloride of sodium 
is in large excess over the other chlorides present. It will be remem
bered that in many examples of these deep waters from the old rocks 
the contrary bas been claimed to be true. The claim has not been 
substantiated in Oliio. 

A second aualysis of the water is herewith given from the Hem
mingray well at Newport, Kentucky. The water was found at a depth 
of 500 feet, or about 200 feet below the upper surface of the Trenton 
limestone. The analysis was made by Prof. N. W. Lord for the Ohio 
geological survey. 

Analysis of water of T1·enton limestone front well at Newpm·t, Hentucky. 

C- Constituent. Grains per 
gallon. 

Calcium sulpha.te. _ ........... ___ ...... ___ .... 106.01 

Sodium chloride .. ___ . __ .. ___ ........ _ .. _. ___ . 614. 04 

Magnesium chloride .. __ . _ . _. _ .... _______ .. __ . 54. 17 

Silica .... ___ . ___ .. _ ... _ ..... _____ . _ .. ___ .. _ . . . 41 

I 
Alum-ina a-nd i-ron_ . ____ . ___ . _. ______ .. ___ . __ .. Trace. 
Su1phureted hydrogen ........ ___ ... ____ . ___ .. (a) 

! 
a Undetermined, but in large alllount. 

This water was popularly called "Blue Lick water," and was imag
ined by some persons to produce beneficial effects when taken into 
the human system. For bathing it would unquestionably prove advan
tageous in certain forms of disease. 

MEDINA AND CLINTON HORIZONS. 

The geological elements indicated by the numbers 2 and 3 in the 
column on page 638 give no important or characteristic production of 
water anywhere in the State, for the reasons that can be understood 
by reference to the description of the several elements heretofore 
given. But at the junction of numbers 4 and 5, in southwestern Ohio~ 
a remarkable line of springs occurs. These are all found on the outcrop 
of the Clinton limestone and largely on outcrops of outliers of this 
formation. In all such cases the drift is generally thin. The horizon 
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is well marked geologically, as it is very near the dividing line between 
Ordovician and Silurian time (Lower and Upper Silurian). It is also, 
in many instances, conspicuous by reason of color effects. The :Medina 
series is generally highly colored, a reel band being its most striking ele· 
ment.. As it is the only red stratum in the entire district, its presence 
is sure to be noted. 

This line of springs led to the location of many farms in the original 
settlement of the c.,ountry, and road ways connecting these tracts first 
occupied have, in some instances, been maintained to the present day. 
There is also an abrupt change of level in many cases, as one passes from 
the Clinton to the Medina horizon. The former is apt to occur in a 
terrace. like outcrop. Moreover, there is often a well-marked change in 
soils in passing from the higher to the lower level. .A belt of unusual 
productiveness characterizes the slope below the Clinton limestone as 
a rule, and, since the buildings and improvements of farmers generally 
correspond to their success, the homes that are established along this 
boundary are more than usually attractive. It is probable that the 
escape of water at this level has something to do with the change in 
the character of the soil. 

The water of these springs, and from this horizon generally, has, so 
far as known, no peculiar qualities. Most of it has passed through the 
thin beds of drift that overlie the limestone~ and afterwards through 10 
to 30 feet of Clinton limestone before reaching the impervious bed of 
Medina shale that turns it out to the surface. There are no conditions 
apparent that promise any unusual degree of purity, through filtration 
or other means; but so far as known, these sources have given an 
acceptable and approved supply to many thousands of people during 
the lives of several generations. It is geologically the lowest potable 
rock water that is known in the State. 

The counties in which this line of springs occurs are named herewith: 
Preble, Montgomery, Warreu, Greene, Clinton. Excellent examples 
of the phenomena above described are to be found on the margin of 
Spriug Hill, in vYarren and Clinton counties . 

.A considerable amount of water too highly mineralized for a potable 
supply is found at tbis same horizon when it is reached in the deep wells 
of northwestern Ohio. The Medina shale is the one safe horizon in 
which to set the casings of gas and oil wells that are to be carried down 
to the Trenton horizon. In that part of the State the Medina is usually 
a well-marked red rock, and, as observed above, it is a landmark that 
never escapes notice in the well section. There is one higher horizon, 
viz, the Niagara shale, where the casing can often be set successfully, 
keeping the well free from the invasion of deep rock water. It is neve.r 
safe, however, to depend on this; but when the casing is set in the 
1.\-ledina shale, it has been found, in thousands of instances, to furnish 
sure protection to the well. From these deep wells we get in many 
instances waters rank with snlphureted hydrogen. Sometimes the 
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water is more or less strongly impregnated with salt; and iron is often 
present in solution. No use has been made of these deep waters in any 
way, so far as I have been able to learn. The only obvious use is in 
medicinal baths. 

The counties in which the deep wells of the Clinton are found are 
identical with the counties in which the Trenton limestone is petrolifer
ous in the large way. The list will agree exactly with the list given 
under the deep wells of the Trenton limestone. 

NIAGARA LIMESTONE. 

The Niagara series consists of tbe Niagara shale and the Niagara 
limestone. The latter is also divisible into two or more elements, but 
they need not be distinguished here. Tl:e Niagara shale separates the 
Niagara limestone from the Clinton limestone. It is a close-grained 
and fairly impervious formation and, alike in outcrop and under cover, 
is a water-bearing horizon. The springs that are found on this line iu 
the regions where it lies above drainage, ar~ not so strong as those 
rom the junction of the Medina and Clinton, already described, but itt 
Clarke, Greene, and Highland counties, a large quantity of water finds 
its way to the surface at this level, and many wells obtain water when 
drilled to this horizon. The latter statement applies especially to the 

. districts about Springfield, Yellow Springs, Cedarville, Hillsboro, etc. 
Under deep cover, the water is of very much the same character as that 
just described. 

But by far the most important contribution that the Niagara 1ime
stone makes to the water supply of the State is found in regions where 
it was a surface rock in the .ages that intervened between the estab
lishment of Ohio as dry land and the epoch of the glacial drift. During 
this last period there were large areas of the limestone exposed to the 
action of atmospheric agencies, protected only by the products of its 
own weathering. In such regions the joints of the limestone must have 
been widened and underground reservoirs and channels must have been 
established as parts of a general drainage system. Finally the drift 
came, covering and leveling up the entire surface of the country. The 
deposits which it brought sometimes allow the freest possible passage 
of water to the rock floor, and again, the bowlder clay shuts out the 
surface water almost completely from considerable areas. By reason 
of this irregular distribution of the pervious cover, the rocky floor 
still takes an important part in the water circulatiou of the country. 
The first example of this condition is found in the experience of Sidney, 
Miami County. 

SIDNEY. 

Some years ago the necessity of a public supply, especially for pro
tection against fire, became evident to the people of Sidney, and water
works were introduced at the public expense, with the :l\liami River, 
which flows through the center of the town, as the source. A reservoir 
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-was formed by damming the river above the town, but the quality of 
the water drawn was poor. In fact, it was used only for fire protec
tion. It was justly considered unsatisfactory and unsafe for domestic 
use. In 1885 the excitement originating in the discovery of gas in 
Findlay in the previous year led the enterprising people in Sidney to 
try their fortune with the drill in the home field. A deep well was 
accordingly drilled in the fall and winter of that year, and in the cottrse 
of the descent a surprising flow of water was found in the upper lime
&tone series, which is here about 200 feet thick. It consists altogetlJCr 
of Upper Silurian elements. The series iR as follows: 

Section of 1Vell at Sidney, Ohio. 
Feet. 

Niagara limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 140 
Niagara shale ................. _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 40 
Clinton limestone ................................................. · 20 
Clinton and Medina shales .................. _ ....................... .. 

The water found in the limestone was highly sulphureted, and 
although the flow was seen to be exceptionally vigorous, it attracted 
but little general attention at the time. The· Trenton limestone, which 
was the goal of the driller, was found unproductive; but new compa
nies were organized and other wells drilled, all of them showing the 
same general results, viz, neither gas nor oil in the Trenton, at least 
none of economic importance, but an abundant supply of water from 
the upper limestones. The water was under artesian pressure, and 
rose with considerable force from the well. · 

One of the abandoned wells, viz, that drilled on the Burkhardt 
property, was allowed to remain a flowing fountain, and has been send
ing out to the river a good-sized stream e-ver since it was drilled. The 
water was struck in the Clinton series 217 feet below the surface. 

Finally, the demand for potable water for the town became more 
urgent-, and the deep supply in the. upper limestones came to be con
sidered in this connection. During the present year, 1897, the town 
has taken up the matter in earnest and has expended $80,000, in adtli
tion to $40,000 spent in the establishment of the older plant. 

Four wells have been drilled and the water found bas been turned 
into the city pipes. The reservoir bas been entirely abandoned. All 
the wells are located in the river valley and in the center of the c,or
porate limits of the town. The section found is as follows: 

. . 

Section of well at Sidnt>y, Ohio. 
Feet. 

Gravel"filled with water . . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 30 
Niagara limestone ........................ _. . . . . . . . . . . . . . . . . . . . . . . 90 

The section shows that the wells obtain their supply from. the lower 
Niagara. If they had been carried deeper, they would undoubtedly 
have soon struck sulphur water, as was tbe case with all that were 
drilled for gas. Water was found in the limestone all the way down. 
By its ascent in pipes connected with the wells, it shows an artesian 

19 GEOL, PT 4--42 
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head of 17 feet, and in one case in the town a head of 25 feet was 
reported. The flow from a 6-inch pipe at the wells, rising 3 feet above 
the surface of the ground, makes a splendid and imposing exhibition. 
(See Pl. LXXI, B.) 

The supply for the town is ample for every purpose. The maximum 
prouuction of the present year is 936,000 gallons in twenty-four hours; 
the average, 400,000 gallons. The wel1s could, without doubt, maintain 
even the maximum for a long time. 
· A well at a brewery a few hundred yards south of the waterworks, 
drilled into the limestone to the same depth as the city wells, obtains 
the same artesian flow, but finds it affected by the pumps of the city 
plant. When these are taxed, the flow of the brewery well becomes 
intermittent. 

The 'Yater is thoroughly acceptable for domestic use, but for steam 
boilers constant care and outlay are required. The sediment and crust 
deposited on boilers will make sometimes a deposit of an inch in two 
weeks' time. 

Au analysis of the water, recently made by Prof. C. C. Howard for 
the State board of health, shows the following composition: 

Analysis of wate1· front 10ells at Sidney, Ohio. 

r= Constituent. Grains per I gallon. 

---~1-

Calcium sulphate ... ___ ... --- .... ·.-............. 23.85 

Calcium carbonate ...................... _.. . . .. 40. 06 

Magnesium carbonate .. .. .. .. .. . . .. .. . • .. .. . . .. 20. 50 

Sodium chloride................................ ·. 09 

Total solids ........................... _ .. 84. 50 

The explanation of the high percentage of sulphate of lime is 
undoubtedly found in the fact that the water originally contained more 
or less sulphureted hydrogen. By its oxidation, the sulphur appears 
in the form of sulphuric acid, and this takes the lime from a certain 
amount of carbonates in the water. 

CELINA. 

Public water supply was established in this vi11age in 1895 at an out
lay of $50,000. Six wells have been drilled, the first three to a depth 
of 17 5 feet, the others to a depth of 300 feet. The wells are located 1 i 
miles northwest of the court-house. The drillers find SO teet of drift, 
120 feet of Niagara limestone, aud GO feet of Niagara shale and Clinton 
limestone. They seem to have been drilled deeper than the water 
supply would require. Probably their entire stock is derived from 200 
feet of the total depth. The supply is large and the capacity of the 
wells bas never been reached by the pulllpS. The water rises to within 
30 feet of the surface. The wells affect each other noticeably. 
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A. 

B. 

FLOWING WELLS IN OHIO. 

A , At Fountain Park, Champaign County; B, At Sidney, Shelby County. 
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The quality of the water is not entirely satisfactory. It is too hard 
for many household m;es and is particularly objectionable for steam
boilers. Au analysis made by Prof.-0. C. Howard in 1896 showed 251 
grains of total solids to the gallon. The composition of the water has 

·considerably changed in the interval between the analysis and the 
present time. Prof. N. W. Lord finds the following substances in an 
analysis recently completed . 

.Analysis of wate1· j1·on~ wells at Celina, Ohio. 

1- Constituent. Grains per I 
gallon. 

Potassium sulphate ....•. _____ . ____ . _____ .. ----- 0. 62 

Sodium s~lphate . ___ .. _ .. ~ ----,~ _. ___ .. _ ... __ ..... 15.90 

Ualcium sulphate ...... ------------·-----------. 46.36 
Magnesium sulphate ..... _ .. -~- ___ .... __ ... __ .. ~ 19.55 

Magnesium carbonate ......... _ ........... _.... 10.02 

Sodium chloride ................... - ....... _.... 1. 46 

Iron and alumina ...... ---------- .... ------..... 0.45 

.__S_i_li_c_a-an_d_._si_h_·c-a-te_s_._-_--_-_-_--_-_--_-_-_-_--_·-_-_--_-_--_-_-_--_-~---~6 ~ Total solids .......... ____________ ------____ ~ 

It is of course recognized that the large percentage of c·ommon salt 
in this water does not imply its previous sewage contamination. It is 
distinctly a product of the rock strata ·from which the water is 
obtained. 

ST. MARYS. 

A public supply was introduced into this village in 1895. The drill
ing for oil and gas had been so extensive in this region" that the under
lying sources of potable water were.well understood, and no prelimiuary 
tests were needed in locating the public supply. Four wells were 
drilled in 1895 at a point conveniently located within the corporation 
limits, the first t~. a depth of 155 feet, the. second to 265 feet, and the 
others to about 280 feet, all terminating in Niagara limestone. The 
first well did not produce so much water as had been expected and 
a torpedo was exploded in it to increase its flow, but no advantage 
was derived therefrom. It yields to the pump 2oo,ooo gallons per 
diem, while the second produces 700,000 gallons per diem. The com
bined average daily capacity of the four wells is estimated to be 
2,000,000 gallons. 

An analysis of the water was made by Messrs. Werner and Simon
son, of Cincinnati, which showed the qualities named below: 

Qnality of 1vater front ~vells at St. Marys, Ohio. 

Temporary hardness (carbonates of lime and magnesia)_. __ .. __ .. 31.50 
Permanent hardness (sulphates of lime and magnesia) .. _. __ . _. __ . 5. 00 · 
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The supply has been approved by the State board of health, and is 
coming to be generally used by the people of the village. Wells of 
thi~ class may be obtained over an area of several square miles in the 
vicinity of St. Marys. 

FOUNTAIN PARK. 

A few examples of excellent supplies of water derived from the 
porous or Guelph division of the Niagara limestone remain to be noted. 
The first occurs at Fountain Park, a station on the Pittsburg, Oincin
nati and St. Louis Railway, in the northeastern corner of Champaign 
County. (See Pl. LXXI, .A.) 

The discovery of this source of water was niade about sixteen years 
ago. A' well was drilled in 1882 to a depth of 62 feet, about 20 feet of 
which was limestone, on the farm of Mr. A. J. Smith, and water flowed 
from the well mouth. It was at once observed that the water carried 
iron enough to leave a rusty stain on surfaces over which it flowed, 
which is by no means unusual. To this observation another was pres
ently added, viz, that a knife blade held in the water became magnetic. 
The cli~covery was at once heralded that a new fountain of ''magnetic 
water" had been found in this portion of the State. Others had been 
previously known there. 

Just how the popular delusion in regard to certain waters being 
mngnetic originated it is impossible to say. The earth is a magnet, and 
iron rods and pipes set vertically in it take their part in magnetic 
phenomena. The steel drill with.which all deep wells are sunk always 
becomes permanently magnetic, and the iron casing of such wells 
becomes at least temporarily so. Similar phenomena can be found in 
every deep well without regard to the character of the water. But 
w by one well or spring should be called magnetic rather than another 
is a matter of caprice or accident that can not be explained. No water 
is ever called so that does not flow through a vertical iron pipe, and all 
waters having this mode of egrm;;s have equal right to the name. 

Presently it was determined that as the water flowed and was mag
netic it must be utilized. A good hotel was forthwith built and 
equipped with bath houses. It was designed especially for summer 
use. Other wells were drilled, including one deep well with a 6-inch 
casing. This was sunk to a depth of 2,~00 feet with the hope of reach
ing gas or oil. The territory has been pretty thoroughly tested with 
respect to flowing wells, and fourteen in all have thus far been developed 
in the immediate neighborhood. They are all included within 150 acres • 
.All the flowing water comes from the rock, aud in the deep well the 
main supply is derived from 114 feet. This fills the G-inch pipe and 
has a pressure head of 14 feet. In other wells on higher ground the 
·head is reduced proportionately. These wells affect each other, but are 
not influenced by rainfall or the accidents of the seasons, so far as 
noted. The waters from differe11t depths in the rock have distinctly 
ditl'erent characters. The analysis of the water of the first well drilled 

• 
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was made by Mr. E. S. Wayne, of Cincinnati, and shows the following 
com position : 

.Analysis of 1vater f1'om 1cell at Fountain Park, Ohio. 

C Constituent. Grains per 
gallon. 

----1 

Chloride of soui um ... - ..................... - -.. I 

Chloride of calcium ...•........................ 

Chloride of magnesium ....................... -. 

Sulphate of potash ............................ . 

Carbonate of lime ............................. . 

Carbonate of magnesia ........................ . 

Carbonate of iron ............................. . 

Silica ......................................... . 

13.64 
4.22 
2.12 
2.61 

26.24 
11.41 
0.16 
0.24 

'-0--rg_a_n __ i_c_m_a_t-te_r_._-_··_·_·_··_-_·_··_-_-_··_·_-_-·_·_-_-_-·_·_-_··_·_·_··~~3 ~ _ Total solids.............................. ~ 

This water is found to be laxative in its physiological effects, as its 
mineral constitution would lead us to expect. 

Well No. 2, near the hotel, comes from a shallower depth and has 
more of the character of drift water. Its composition, ~s determined 
by Prof. H. A. Weber, of the Ohio State University, is shown in the 
following table. This water is counted astringent, but it is hard to see 
bow it can differ from the water of ordinary wells. A small amount of 
sulphnreted hydrogen is dissolved iu it . 

.Analysis of water j1'om 1vell at Fountain Pa1'k, Ohio. 

C Constituent. Grains per 
gallon. 

. ------:--------1-1 

Carbonate of lillie ............................. . 

Sulphate of lime . . . . . • . ...................... . 

Carbonate of magnesia ...... - ................. . 

Sulphate of magnesia ......................... . 

Carbonate of iron ............................. . 

Chloride of sodinm ............................ . 

Sulphate of soda. ~ . . .. . . . . . . . . . . . . . ........... . 

Sulphate ofpot.ash ............................ . 

15.293 
.087 

1. 367 
10.769 

.160 

.539 
1.186 
.426 

Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 225 

I Organicmatte~------------------·--···:-----··- 1_ .23: I 
Total sohds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31. 28.., 

The water from well No.2 is largely sold in Columbus as a table 
water. It is considered satisfactory hy those who use it. 

The water of the deep well, well No. 3, of the hotel property, comes, 
as has been said, from about 114 feet in depth. It _has a flow of great 
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volume, but actual measurements have not been made. If left to flow 
unimpeded from the 6-inch casing it reduces the head' of all the sur
rounding wells. Its composition is shown in the following analysis, 
made by Prof. H. A. Weber: 

Analysia of ~vater j1·ont 1vell at Fmmtain Pa1·k, Ohio. 

C Constituent. Grains per 
gallon. 

----1-1 

Carbonate of lime __ . _ . ____ ..... _ ........ _ ..... . 

Sulphate of lime .... _. _ ... __ ...... _ ........... . 

Carbonate of magnesia _ ...................... :. 

Sulphate of magnesia ........... - ............. . 

Carbonate of ir~m ... _ ... ____ ......... • ........ . 
Chloride of sodium .... __ ....... __ ..... _ ... ____ . 

Sulphate of soda . _ .... ____ ..... _ .. _ ....... __ . _. 

Sulphate of potash ... ---·---· ........... --- ... . 
Silica--------·-·--- ____ ........ ____ ........... . 

14.242 

. 099 

1. 457 

9.296 

.221 

. 480 

. 274 

Trace. 

1. 390 

I Organic matter .. ~ ............. ~ .. ~ ~ .... ~ .. ~ --- ~ _ . 251 I 
Total solids . __ .. ____ .... ___ . _ ......... __ . 27. 710 

The topography of the district is interesting. The surface is occu
pied by a moraine of recession, and is beautifully diversified by low 
hills and hollows. The district is one of the most beautiful in central 
Ohio. 

Brush Lake occupies one of these hollows cr depressions in the drift 
sheets. The lake has au area of 11 acres, and its greatest depth is 80 
feet. In its northwestern corner there are indications of the ingress of 
spring water in considerable volume. 

PLAIN 011'Y. 

On the same line of railroad, 15 miles farther eastward, another 
example of strong flowing water, apparently from the same geological 
source, was found during the epidemic of drilling, which bas several 
times been referred to in thi~ discussion. A deep well, projected at 
Plain City in 1889, was carried down to a depth of 1, 700 feet, when the 
tools became fast and the drilling was necessarily abandoned, but in 
sinking it a powerful flow of water was struck at 387 feet. The water 
showed a head of 18 feet of pressure, but as the location was below the 
general level of the country the head would be but 4 or 5 feet above 
the ordinary level of the drift plains. 

A second well was located near the first, and repeated its experience 
so far as rock water was concerned. This well was drilled 2,000 feet 
deep, and, according to thb recollection of those interested, was carried 
about 30 feet into the Trenton limestone. 

A destructive fire swept through the business part of the town in 
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1894, with which the residents found themselves utterly unable to cope. 
This led to the recognition of the imperative need of au adequate water 
supply-a need that was emphasized by the frequent occurrence of 
typhoid fever in the village. The great flow of cool, clear, excellent 
water constantly escaping from the casings of the two deep wells was 
before the eyes of the people, and it did not take long to decide 
upon the proper course to pursue. A public water supply from this 
source was decided upon, the village was bonded for $35,000, and a 
modern waterworks plant was forthwith installed. Both of the sotirces 
of dangers above referred to-fire and fever-have been effectually dis
pos'ed of by the introduction of this deep water. .Not a case of typhoid 
has ever occurred in families where the deep water has been in use, and, 
fires are extinguished so promptly that some of the people are disposed 
to beiieve that the water must have some element not found in ordinary 
water to account for its efl'~cts; but of course there is no foundation for 
such a belief. 

The water does not, however, answer at all for boiler use, as its min
eral contents indicate. The following analysis was made for the State 
board of health by Prof. N. W. Lord: 

Analysis of wa.ter jTo'tn 7vells at Plain. City, Ohio. 

~----------co_n_st_it_.ue_n_t·--------------+~-G-~~_f_I~_f_er-J 
Potassium sulphate ... _ ............ ---· ....... . 
Sodium chloride ..................... _ ......... . 

Sodium sulphate ... __ ......................... . 

Calcium sulphate ............................. . 

Calcium carbonate ............................ . 

Magnesium carbonate ......................... . 

Oxide of iron and alumina .................... . I Silica ____ . __ ..... __ ... __ ..... __ ... ____ ..... __ __ 

Total solids .............................. 
1 

HARRISBURG. 

0.70 
1.94 

1.86 
13.60 

8.90 
10.30 

0.22 

~ 
The third case of a vigorous supply of flowing water from the porous 

Niagara, where it occurs under deep cover, has recently been developed 
at Harrisburg, on the line of the 'Midland Railroad at the crossing of 
Big Darby. The Devonian limestone has an outcrop here, and, as is 
not infrequently the case, it is charged with considerable quantities of 
inspissated petroleum. This petroleum has.undoubtedly a local origin 
and has no significance whatever as indicating a source of deep oil, 
but facts were difierently construed by local observers. A company 
was formed two years ago to drill a deep well at this point. The Tren
ton limestone was not reached, but as has so often happened elsewhere, 
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an excellent flow of water was found. The main production comes from 
a depth of about 400 feet (390 to 405). Recently measured by Prof. C. N. 
Brown, of the State University, its production was found to be about 
850,000 gallons per diem. The flow is sufficient to run steadily a 9~
foot water wheel, which is applied to grinding grain, sawing lumber, 
and the like. (See Pl. LXXII.) 

The record of the well leaves no doubt as to t.he horizon from which 
the water comes.· It is certainly derived from the Guelph division of 
the Niagara limestone. The composition of the water is shown in the 
following analysis made by Prof. N. W. Lord for the State board of 
health. The figures indicate grains to the United States gallon. 

A11alysis of 'lvate1· j1·on~ 'lvells at Ha1·risb1wg, Ohio. 

C Constituent. Grains per 
gallon. 

----'----1 

Potassium sulphate ·----- ...... ---- ........... . 

Sodium chloride ...................... ----·· ... . 

Sodium sulphate.---- .................... ·----· 

Calcium sulphate .... ------ ...... ·---·· .... ----

Calcium carbonate ............. ·----· .......... . 

Magnesium carbonate .............. -----------· 
Oxide of iron and alumina ...................... ! 
Silica _ .... __ • __ ....... _____ .... _ ...... _ ..... _ .. I 

Total solids .. __ ... ___ .... _. _ .... _ .... _. __ I 

0.51 
2.72 
2.91 

14.61 
7.42 
9.76 
0.12 
1. 60 

39.65 

The close agreeme11t of the waters of the Plain City and Harrisburg 
wells in the details of their mineral composition is strikingly shown in 
the last two analyses given. 

ONONDAGA LIMESTONE.• 

This great division is by far the most important source of under
ground water for all the higher uses that is to be fouud in the State. 
The thickness of the formation and its area, greatly exceeding those of 
all the other limestones of our column, make the statement both intel
ligible and probable. Its soluble character also comes into the account. 
It seems certain that some beds in the series have been dissolved in a 
1arger way than others, thus giving rise to what appear to be water 
horizons in an essentially impervious rock. 

The principal factor in the storage quality of the series results from 
the vast periods in which it constituted the surface of the State, over
spread· only with the results of its own decay. During these ages, 
covering the time from the Appalachian revolution, when the State 
became dry land, to the advent of the Glacial period, the surface of 

1 The Water-lime and Lower Helderberg limestone of Ohio reports. 
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FLOWING WELL AT HARRISBURG, FRANKLIN COUNTY, OHIO. 

Stx-inch pipe. Well turns a 94-foot water wheel. 
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the State undoubtedly stood, for at least a portion of the time, at a 
higher level geographically than it now holds. The joint planes of lime
stones would consequently be widened and the underground drainage 
in this rock indefinitely extended and enlarged. Only thus can the 
present state of the buried limestone be understood or explained. 
That the limestone once stood at a higher level in its relation to the 
.main drainage streams is evident from the fact that the drill often 
finds empty chambers several feet in depth as much as 100 or even 200 
feet lower than the present drainage systems.· 

In recording the storage quality of the Onondaga limestone and the 
use already made of water derived from it by the towns of Ohio it is 
easy to see that a beginning only bas been thus far ma.de. More and 
more cities-, villages, hamlets,. and isolated homes will.learn to avail 
themselves of the vast amount of duly purified though somewhat 
highly mineralized water which is stored in the joint spaces and rock 
chambers prepared by the processes of solution of earlier ages. 

Among the cities and villages that are already depending on the 
waters of the Onondaga limestone the following may be named: Del
phos, Lima, Kenton, Upper Sandusky, Bellefontaine, Marysville, 
Sabina, Mount Sterling, Plain City. I will speak briefly of the sup
plies that several of these towns have secured. 

DELPHOS. 

This town has put in a plant at public expense during the last two 
years, expending $70,000 up to the present time. A location was 
selected in the valley 1 mile south of the town. At this poi:r;tt only 16 
feet of drift covered the limestone floor. Indeed, there is but a thin 
covering of the glacial deposits in all the immediate region, as has been 
established by the numerous wells that have been drilled here within 
the last few y~ars. The ordinary drift-water wells of the region are 
but 15 to 18 feet deep, but the drilled wells of later years have been 
carried down from 60 to 80 feet deep, or from 40 to 60 feet into the 
rock, and great improvement in the water supply has resulted . 

.At the pumping station established by the city a receiving well was • 
dug 40 feet in diameter and 38 feet deep. This is made a common res
ervoir for a serieR of seven wells, which are set in some instances within 
50 feet of each other. The wells are all 8 inches in diameter and all are 
300 feet deep. There was no particular vein of water found, but addi
tions were made all the way down, and, at the depth where the drill was 
stopped a test of the first well showed a volume large enough to meet 
the requirements of the town. It bas not been demonstrated that the 
seven wells are necessary, and it is possible that one would do the work 
of the entire series. Certainly they are all intimately connected, as the 
water rises and falls in all together. Under normal conditions, while it 
·does not flow, it comes withiu 8 feet of the surface. Siphons are set at 
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a depth of 25 feet, opening into the receiving well, and are so adjusted 
as to charge themselves. In one of the wells an air lift is located at 
125 feet below the surface, aud it is found to work with great advan
tage on the entire supply. The depth to which the wells were drilled 
rendered it inevitable that their supply would be more or less contam
inated with sulphureted hydrogen. This substance works against the 
good name of the water that carries it, and the village supply at first 
suffered some disadvantages from this source, but by the aeration of 
the water the odor of the gas is entirely removed. The compressed air 
of the air lift is also turned into the reservoir for a few minutes each 
day with satisfactory results. 

Water was found in the first well at a depth of 150 feet in such 
quantity that the authorities in charge proposed at :first to arrest the 
work at this point, but a sample was submitted to the State board of 
health for analysis. ·While the water was not condemned it was criti
cised as exceptionally hard. According to the analysis the total solids 
amounted to 73 grains to the gallon, of which about one-fifth was com
posed of sulphates of lime and magnesia. Most of the public water 
supplies are now known to exceed these figures, but under the influ
ence of the warning the trustees proceeded to sink their well deeper, 
and at a depth of 300 feet obtained a new supply, which was counted 
by the people of the town "soft" in comparison with the earlier supply. 
An analysis recently made for the State board of health by Prof. N. W. 
Lord gives the following result: 

Analysis of wate1· from 1vell at Delphos, Ohio. 

I . II Grains per I I- Constituent. gallon. 

Potassium sulphate ..• ___ ........ _ ......... _- __ -I 0. 56 

Sodium sulphate. ____ ..................... __ .. . . 2. 22 

Sodium chloride .. ~... . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 98 

Calcium carbonate ............................ .. 

Calcium sulphate .............................. . 

Magnesium carbonate ...................... -·-

Irou oxide ..................... ,.. ............. _ .. 

Alumina ... __ ..... _ ................... _ ......... 
1 I Silica and silic~tes .............................. , 

Total sohds .............. - --- . -- --- · · · · ·- i 

I 

12.65 

4.53 
9.37 
0.11 

0.13 
1.18 

32.73 

If the analyses fairly represent the two grades of water, the grounds 
of the preference that is expressed by the people of the village are 
obvious and justifiable. But it is hard to understand how a lower vein 
of water in the same limestone stratum can carry less mineral matter 
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than the higher. The two analyses quoted show in the 300-foot supply 
less than half the total soli<.ls found in the 150-foot level. 

The maximum production of the systerp. thus far has been 250,000 
gallons per diem, but a steadily increasing use is sure to fo1low the 
introduction of the new supply. 

LIMA. 

The water-supply plaut of Lima is owned and controlled by the city. 
The work was begun with the construction of a reservoir; formed by 
ponding a small stream which flowed a mile east of the town, but this 
scheme proved a failure in every respect. The water obtained was 
.unsatisfactory in quality, and in time of drought a failure in quantity 
was experienced which was fatal. This result led to a search for a 
·supply in the underlying strata, the storage quality of which had been 
abundantly demonstrated during the last dozen years in the scores and 
hundreds of oil wells that had been drilled in the region. In numerous 
wells large flows of water had been found in the upper limestone. 
The city turned to the use of these deep waters in 1894. Six wells, 
located near the earlier plant, were drilled at this time and were from 
118 to 180 feet in depth. The waters seem to be derived from two prin
cipal horizons, one located at 117 feet below the surface, and the other 
170 below. The drift cover is shallow in the entire region, 8 to 20 feet 
covering most of the sections. The wells were dri1led 8 inches in 
diameter, and a11 of them flow natural1y. The stronge~t of the group 
is an abandoned oil well, bought by the city in the drought of 1895. 
Since that time it bas rendered material service to the waterworks. 
This well obtained its supply from ·a depth of lt7 feet. 

Another fine water vein was struck at the depth named above, on the 
Fetter· farm, one-half mile east of the city well, and again in a third well 
one-half mile farther east. That these wells are directly connected was 
proved by the fact that the city pumps when in operation had an effect oil 
both, cutting off their artesian flow entirely. The steadiest and severest 
pumping never lowers the head more than 15 feet, and when the pumps 
are stopped only a few seconds are required for the wells to regain 
their head. The maximum production was found on a special test to 
be 1,500,000 gallons per diem, and it seems as if this production could 
be maintained. 

As already noted, however, the rock water supply was preceded· by 
a surface supply of unsatisfactory water. The old system was not 
abandoned on the introduction of the new, but the two are united, and 
consequently affect each other more or less. The reservoir water is 
preferred by all who use water for steam production, on account of the 
excessive hardness of the rock water. By an analysis made for the 
State board of health at the introduction of the rock water the total 
solids were found to reach the unusual figure of 112.8 grains to the 
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gallon. By a later analysis, also made for the State board of health, 
the total solids reached a still higher figure, viz, 125.525 grains to the 
gallon. The results of the last analysis are given below: 

AnalyBiB of water j1·om well at Lima, Ohio . 

C Constituent. Grains per 
gallon. 

. __ ____:__1-1 

Calcium sulphate .................... ------ ... . 

Calcium carbonate ............................ . 

Magnesium carbonate .................. __ •..... 

Sodium chloride ............................... . 

49.446 

40.100 
35.748 

.231 

Total solids ................... _.. . . . . . . . . 125. 525 

The unwillingness of those using steam· to introduce water of this 
character into their boilers can be well understood, but the OQjeetions 
on l1ygienic grounds are not so strong as might appear from the record. 
There is but slight probability, for example, that the large percentage 
'of common salt reported is derived from organic pollution. The pres
ence of salt in most of O\lr deeper rock waters is well known. 

While the character of the water for steam production is somewhat 
improved by the largest possible proportion of surface or reservoir 
water, the domestic use is undoubtedly rendered less satisfactory by 
such admixture. The open reservoir allows a much freer development 
of minute forms of animal and vegetable life than are present in the 
city supply. This fact militates to some extent against the good repute 
of the water. 

KENTON. 

This town bas made exclusive use of rock water from the first. The 
plant was originally put in by a private company, but the village cor
poration retained the right to purchase, and a few years ago exercised 
this right, paying $60,000 for the plant at that time. It has since 
expended a considerable amount upon the works. 

The town is in the region of shallow drift already described. The 
deposits of the glacial period do not, as a rule, exceed 10 to 30 feet. 
The rock nearest the surface at the waterworks station is the peculiar 
type of the Onondaga limestone called by Prof. N. W. Winchell the 
Tymochtee shale. It is here thin bedded but scarcely shaly in struc
ture. It is dark blue in color and carries many black :films on the sur
faces of the several layers. No fossils are apparent in this division. 
No other exhibition of precisely this character of rock has been reported 
iu the numerous wells drilled in the region for oil, gas, or water during 
the last ten years. It proves troublesome to the driller. 

An excellent opportunity to study the formation is afforded in the 
large well at the pumping station. The excavation is 100 feet or more 
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A. 

B. 

FOUNTAIN WELLS IN EAST UNION TOWNSHIP , WAYNE COUNTY OHIO 

d , On fa1m of J ohnS Amstutz i turns a 12.foot water wheel /3 , At schoolhouse No 7, 3.1nch p1pe 
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in diameter at the surface and .is carried vertically down for 25 to 30 
feet; then, in the southern half of the pit, the rock was further taken 
out to a depth of 25 or 30 feet additional. Within the deepest area 
three wells were drilled, these being added to ten others in the same 
immediate neighborhood, all located in the valley of the Scioto River, 
which is but a small and insignificant stream at this place. All the 
wells found water at about 125 feet below the natural surface. The 
water appears in a fairly strong vein and is cold and clear, and the 
supply is perfectly steady. There is nothing to hint at any close 
connection of the water vein with rainfall, for in times of severest 
drought just as much water can be pumped as at other sea~ons. The 
average production of 450,000 gallons per diem is a little in excess of 
the producing power of the wells; at least, the pumps are obliged to 
labor constantly night and day to keep up the supply, and wheu, for 
any reason, the draft is temporarily reduced, the water is found forth
with at a higher level in the welL 

To reinforce ~he supply, the present trustees have made trial of a field 
11 miles south of the court-house, at the Calhoun farm, on Taylor Creek. 
During the last year a well was drilled there to the horizon upon 
which the city wells depend, and a notable supply was found available, 
which the city engineer counted good for 600,000 gallons per diem, but 
the voters of the town have refused to furnish the funds necessary for 
brine:ing in the new supply. It is, however, a great thing to know that 
such an addition can be made to the system whenever the necessity 
becomes urgent. The Calhoun wel~ is artesian, flowing with a small 
supply from the top of the pipe. 

A remarkable flow of excellent water was struck in explorations 
made for gas on the Me Vi tty farm, 3~ miles northeast of the Calhoun 
well. This well was begun on outcropping Niagara limestone, and 
draws its water entirely from this formation. It still continues to be a 
vigorous fountain, and the flowing water finds its way to streams that 
supply Findlay. A recent analysis made for the State board of health 
by Prof. C. C. Howard gives the following results: 

Analysis of tvater from tv ell on the M c Vi tty fm·m, near Kenton, Ohio. 

r= Constituent. 

---
Calcium sulphate .............................. . 

Calcium carbonate ........................ · .... . 

:Magnesium carbonate .............. : . .......... . 

I 
Grains per 

gallon. 

76.97 
10.29 
18.83 

I Soditim chloride ....................... __ ...... !. 

l_'fotalsolids .... __________ ........... ·-----~ 
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UPPER S.A.NIYUSKY. 

This town is supplied with water by a private company, made np 
mainly of nonresident capitalists. The waterworks were establisbed 
in '1889. Water is taken from the Sandusky River, and from a shal
low well dug into the rock by the side of the river not more than 50 
feet distant from it. The well, however, receives its supply from tlle 
landward side, through what are termed "horizontal crevices." 
Though coming apparently from the land, the water may, of course, have 
been derived from the river at a higher elevation in its course. The 
well is 85 feet in diameter at the top, 70 feet at the bottom, and 17 feet 
3 inches in depth, the lowest 3 feet only being in limestone. It is 
about 65 feet below the public square. No water is derived from the 
drift deposits which cover the limestone at this point. The drift of the 
valley generally consists of a foot or two of blue or drab clay, beiow 
which is ordinarily found a mass of cemented clay that seems thorougbly 
impervious to water. When first dug the well was tested and its daily 
production was found to be 500,000 gallons. Sulphur water is so com
mon in all this region that the company feared to go lower, owing to the 
danger of striking a strongly impregnated vein. Before resorting to this 
shallow supply, two wells were sunk in tlle rock, one to a depth of 28 
feet and the other to a depth of 80 feet. Water was found in abundance 
in both, but both supplies were rejected because of the large ·amount 
of sulphureted hydrogen present. Mr. John Henderson, superintend
ent of the works, thinks that the production of the present well bas 
increased by 50 per cent since it was first sunk. Such a result is not 
in itself improbable. 

Part of the water pumped, as already stated, is from the river direct, 
and there is .10 way ttpp&rent of determining the proportions that these 
two sources contribute to the pumps. The river water is naturally 
well stocked with microscopic life during the summer months, and also 
with small fish and the lower forms of vegetation which abound in 
such running waters. Strainers and filters are brought into requisition, 
so that comparatively little trouble results from this source. 

Though sulphureted hydrogen is not found jn the water supply, the 
results of analysis show very clearly that it has been there and that 
its s~lphur bas been converted by oxidation into sulphuric acid. A 
recent analysis by Prof. C. C. Howard, for the State board of health, 
shows the mineral composition indicated below: 

Analysis of 1ratm· from 1vell at Upper Sandusky, Ohio. 

Constituent. i Grains per 
1 

gallon. 

------------------------------------~-------1 

Calciumsulpbate ...............•.............. 1170.880 I 
Calcium carbonate............................. .691 

M agnesi urn car bonate __ -- -- -- -- - -- - - - -- -- -- -- - - ' 24. 576 I 
Sodium chloride ................................ ' . 138 
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These figures show that the lime, which undoubtedly entered the 
water principally as bicarbonate, has been almost entirely_ converted 
into sulphate. While calcium sulphate is not unusual in the Onondaga 
limestone, it does not seem probable that the water obtained any large 
proportion of the sulphate which it carries by the direct solution of 
this substance. An easier explanation of its presence is at hand, as 
already indicated. The figures of the analysis demonstrate this view. 
They show an extraordinary amount of calcium sulphate, with an 

· insignificant quantity of calcium carbonate, which latter element we 
know can never be absent from atmospheric water traversing limestone 
rocks. 

'The percentage of calcium sulphate is the highest yet reported from 
the potable waters of Ohio. 

DELAWARE. 

The water supply of this town is also under control of a private cor
poration, which began its work in 1889. Its first well was located in 
Olentangy Valley, about 2 miles northeast of the town. The well was 
36 feet in diameter and also 36 feet in depth. The deposit through 
which it passed was called "black gravel," the color being due to the 
abundant fragments of black shale distributed among the ordinary 
limestone pebbles of the drift. 

This well furnished, when first struck, a good supply, but when 
summer droughts came on its volume was reduced below the limit of 
safety. After an experience of several years the company determined 
to make trial of the rock in the immediate neighborhood of the well. 
Capt. C. W. Wiles, the superintendent, was led to expect success by 
the occurrence of a spring emerging from the rock in a small island 
in the river. Seeing water thus issuing from the rock, Captain Wiles 
was led to believe that the use of the d·rill would not be unavailing. 
The severe drought of 1895 had made some increase indispensable to 
the maintenance of the city supply, and drilling was therefore under
taken in the spring of 1896. The location of the well is near the plant 
already established. The section found in the descent is as follows: 

Section of well at Delawm·e, Ohio. 
Feet. 

Soil .... ~. __ ..... _ ....... - .............. __ ........ ___ .......... _... 6 
Gravel, mainly coarse ..................... __ .... _ .......... _. _.. . . . . 10 
Gravel and san(l ............... __ .... _ ..... _ .... __ .... ___ . . . . . . . . . . 4 
·white limestone ............ __ ... _ ...... __ ............. _. __ .... __ .. 60 
"Brown sandstone" ...... __ .................. o ••••• _ ... __ ••• _. __ •• 70 
Blne lin1estone ....................................... ·---·· ........ 4 
"White sandstone'' ... __ .... __ ..... _ ..... _ ............... _ ..... _ ... 10 
Limestone . _. _ ..... __ .. ____ .... __ .... _ ..... -.-. . . . . . . . . . . . . . . . . . . . . . 10 
"Soapstone" ............ _ ... ___ ..... _ .... __ ......... _. _ ........ _.. 6 
LimP.StQne, light in color ........... _ .. _ .. _. __ ...... _ ..... _ ... ___ ... 15 
Shale, black ...... __ ... ____ ....•........ __ ... _ ......... _ .........•.... 



672 THE ROCK WATERS OF OHIO. 

This series may be geologically distributed as follows: 
Feet. 

Drift .....................•..... __ ........ _ . _ ............. _ . . . . . . . 20 
Corniferous limestone (Devonian) ........ ___ ....... __ .. . . . . . . . . . . . 60 
Onondaga limestone (Silurian) ... _ ..... _ .......................... 175 

Water was found all the way down. It began to rise under artesian 
pressure as soon as the limestone was penetrated. By the time the· 
drill was 45 feet down the water had risen to 35 feet in the well. No 
important additions were made after a depth of 225 feet was reached; 
but as the driller's apparatus was prepared to sink to 250 feet the work 
was continued to that point, and even 5 feet below. A shale as black 
as the darkest of the Ohio shale was found at this point, and this 
would by itself have led. to the suspension of the drilling, irrespective 
of the necessity imposed by the length of the cable. The so-called: 
"sandstone" of the Onondaga column proved on examination to be, 
as might have been expected, magnesian limestones. The water is 
artesian, but the head is not more than 3 feet, and the flow is corre
spondingly feeble. On the application of proper tests the well was 
counted good for 60,000 gallons per die~. During the drought of 
October, 1897, the addition from this source to the drift well supply: 
was timely and effective. The production of the well has been greatly 
increased by putting in an airlift at a depth of 140 feet, the air being: 
under a. pressure of 45 pounds. It increases the yield of the well. so 
much that the pump easily outruns its capacity. After two hours' 
work of the pumps, an hour's interval is req_uirell for the well to recover 
its normal supply. 

The daily average of production of rock and drift water combiued fqr. 
the month of November, ;1897, was 277,600 gallons. The maximum. 
monthly average for last year was 368,945 gallons. 

The mineral constitution of the water is shown in the following analy
sis, made for the State board of health by Prof. N. W. Lord: 

Analysis of water from well at Delaware, Ohio. 

I Constituent. -----~-~-~r;~~~J.er 

1

r 

1----------------------------------l-------
1 

I Sodium sulphate ... ---------------·-----------· 1.58 1 

: Potassiumsulphate ............................. 0.44 I 

Calcium sulphate .. --.-.-.- .. -------------·--·- -I 
Calcium carbonate ..... ·---··-·---- ........ ----[ 
Magnesium carbonate .... ____ ...... ------ ..... . 
Sodium chloride ... _ ..... _ ....... ___ ........... . 

I Silica and silicates.------ .... -------- ......... . 

Total solids .................. __ . _ .. _ .... . 

17.00 

11.00 

11.75 

0.22 ' 
1.11 

43.47 

The water is used in considerable quantity by the railroads and by the 
electric-light company. No unusual complaint has been made against 
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it on the ground of hardness. It is said that the rock water does not 
appear to be more objectionable than the drift water, but perhaps exclu
sive use of the former would bring ground of complaint. 

MARYSVILLE. 

Marysville is another town making use of water from the Onondaga 
limestone for its general supply, which is furnished by a private com· 
pany, of which John F. Zwerner is president and manager. The com-

- . pany .began its work about 1890. The fact .that underground water was 
available to. the town had been demonstrated by tbe Marysville Gas and 
Oil Company, organized to test the Trenton limestone in the immediate 
vicinity. The well was a failure as to the purpose for which it was 
undertaken, but an abundant supply of water was found all through 
the upper limestones. At 145 feet a strong vein was reached, and at 
375 feet a vein highly impregnated with salt and sulphur wa~ struck. 
All of this water was under artesian pressure. The vein last nanied 
was forthwith utilized by the building of a bath bouse near the well, 
and this is still maintained. The salt and sulphur water is not abun
dant enough to meet all the demands of the establishment. It is prob
able, if there were enough of this water, that it would gain a reputation 
as a medicinal agent in certain forms of d~sease. It is quite similar in 
composition to that of Mount Clemens, Michigan, which has become an 
important health resort. 

The water company began its operation. by drilling four weps in the 
drift in the valley, east of the court-house. They found water enough 
and proceeded to supply the town, but after several years' use it was 
found to be more or less· impregnated with iron and perhaps to some 
extent with the sulphurous prorlucts previously unlocked by the so
called. gas well. During the present year this first supply has been 
abandoned and the entire plant has been made to depend on a water 
vein reached in the rock at a depth of 148 feet below the surface, imme
diately adjoining the city wells. The drift was 88 feet, and at a depth 
of 60 feet in the limestone the drill dropped 3 feet, having struck one 
of the chambers already alluded to, which stand for pre-Glacial weath
ering and erosion, effected when this portion of the State was at a 
higher altitude. The water was found in a dark blue limestone; which 
is characteristic of the Onondaga series. 

The water vein found at this point proved to be exceptionally vigor
ous. It rose to within 8 feet' of the surface, and a test of its capacity, 
made at t.be time it was finished, showed a production of 1,200,000 gal
lons in ten hours' time. The entire supply of the town has since been 
drawn from this source, the average daily production ranging between 
500,000 and 800,000. gallons. The discovery is one of vital importance 
to Marysville and to the entire neighboring district. 

Au analysis of the Marysville water made by Prof. N. W. Lord is 
herewith appended. It is furnished by the State board of health. 

19 GEOL, PT 4--43 ' 
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Analysis of 1rater front wells at Marytsville, Ohio. 

Constituent. Grains per 
gallon. 

Potassium sulphate....... . . . .. . . . . . . . . . . . . . . . . . 0. 62 

Sodium sulphate............................... 6.45 

Calcium sulphate............................... 43.07 

Magnesium carbonate. . . . . . . . . . . . . . . . . . . . . . . . . . . 16. 78 

Magnesium sulphate.... . . . . . . . . . . . . . . . . . . . . . . . . 5. 29 

Sodium chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 65 

Alumina ancl iron............................... 0.40 

Silica and silicates...... . . . . . . . . . . . . . . . . . . . . . . . . 1. 63 

Total solids. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75. 89 

Of the total solids it will be ob~erved that 55.48 grains, or nearly 
five-sevenths, are sulphates, but about an eighth of these are alkaline 
and reduce somewhat the hardness of the water. 

:1\'lARION. 

The principal water supply of Marion is furnished by a private cotp.
pany, organized in 1890 under the laws of New Jersey, by capitalists 
of that State. Thus far, it has drawn the water it supplies to the town 
mainly from several drift wells, connected with a shallow reservoir, 
but in addition it has drilled five wells, each 10 inches iu diameter and 
200 feet deep. These wens reached the rock at a depth of 55 to GO 
feet; but in the immediate 11eighborhood there are many thinner ·sec
tions of drift reported. Some do not exceed 10 feet. w~teT was found 
all the way down, and a considerable production is promised; but the 
rock we11s are counted as merely auxiliary to the reservoir system, and 
have not been fully incorporated in the plant. Mineral analyses of the 
water of the reservoir and the ·wells seem to show but little excess of 
total solids in the rock water above that of the reservoir. The figures 
apparently indicate a considerable amount of sulphates in both. The 
drift water is not thoroughly satisfactory to the company nor to its 
patrons, chiefly because of the large percentage of organic matter 
derived from the growth of fresh-water alg::e in the reservoir, and it is 
probable that Marion will be obliged to follow the example of most of its 
neighbors and depend largely or entirely on the rock supply. 

The heavy pumph1g of the drift wells for the city line has exhausted 
many of tlte farmers' wells in the neighborhood. The latter are, as 3· 

rule, shallow, ranging in depth from 10 to 20 feet. 

B ELLEFON1'.AINE. 

This town furnishes another excellent example of missing the direct. 
object of its search and of finding instead what is worth iufinitely more. 
1 t sought for- Findlay gas or Lima oil in the Trenton limestone, and 
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would have counted itself supremely fortunate if it had found either. 
If it had been successful a short-lived excitement would probably have 
resulted, giving rise to great expectations impossible of realization, and 
accompanied by an extravagant advance in the price of real estate. 
After a few years the gas would have been exhausted, the factories 
established on it would have been dismantled, and the fictitious va.Iues 
of real estate would have gone through a painful readjustment. Thus 
the entire community would have slowly reccwered from the effects of 
the speculative debauch called a "boom." If oil had been found the 
experienee "Of the town woul(l have been less unfavorable, but in any 
case this underground wealth would soon have been exhausted without 
necessarily leaving any great permanent advantage to the town. 

All this Bellefontaine missed, but found instead an invaluable sup
ply of pure water, unnoticed at the time, and forced upon its atten
tion only by the failure of other sources of water supply, but bound to 
continile,-~ow that it is discovered, through generations and centuries, 
and, indeed, as long as the general conditions of .the Mississippi Valley 

· remain essentially undisturbed. 
In 1886 wllile drilling the trial well for gas, known as the Oarter 

well from the name of the owner of the lot on which it was located, the 
drift deposits were found to be about 80 feet thick. At 160 feet a great 
volume of delightfully cool and clear water was struck, which carried, 
however, a small quantity of sulphureted hydrogen. It rose with great 
force and showed a head of pressure of at least 12 feet above the sur
face. The water was allowed to tlow unobstructed for several months. 
An examination of the record of the well shows that the water was 
found in the Ouondaga limestone, the great stratum in which so much 
of the water supply of central Ohio is 110w being found. 

The town bad recognized the necessity of a public supply some years 
before this discovery was made. In 1883 work was begun under a 
board of trustees elected for this purpose. They called to their aid a 
hydraulic engineer from 110rthern O}:lio. Under his advice their first 
reliance for a supply was on springs rising in the high ground to the 
eastward~. and also on impounded water from a small stream which 
flowecl through the town, also from the eastward. A reservoir was con
structeu and the town was piped. T1Je pressure from tbe re~ervoir 
was 90 pounds to the square inch at the public square, and, so far as 
this element is concerned, it furnished ample protection against fire for 
the highest buildi11gs of the town. But the supply proved far from 
satisfactory. It was inade!Juate 1i1uch of the time, and in summer w1Jat 
there was of it was warm and offensive to both taste and smell. In 
short, the works proved a failure both as to quantity and quality. 
Consequently the sight of such a noble fountain from the underlying 
rocks as the so-called gas well yielded was Lighiy appreciated, an(l 
tbe attempt was at once ma<le by tbe waterworks trustees to reach 
the same source by drilling on the high ground near tbe reservoir 
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to the horizon struck in the well. This well was carried down 325 
feet, but water was not found in important amount. The pressure of a 
summer drought was upon the board, and the decision was soon reached 
to come down to the source of rock water already described. Th~ gas 
wel1, so·called, was purchased by the trustees and a pumping station 
was established. A second well was drilled forthwith to a depth of 
160 feet. The water vein struck in the first well was found also in the 
second, which was distant but 50 feet from the first. Analysis of the 
water was made in June, 1888, by Prof. C. C. Howard, of Columbus, 
giving the following results: 

Analysis of water from well at Bellefontaine, Ohio. 

C Constituent. Grains per 
gallon. 

-----------------1-----
Carbonate of lime . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 8. 33 r 
Sulphate of lime ...................... ·-. . . . . . . 3. 62 

Carbonate of magnesia _ . . . . . . . . . . . . . . . . . . . . . . . . 5. 19 

Sulphate of alumina ....... _.................... 2. 92 

Chloride of sodium __ ............. __ . ____ .. __ ... . 42 I 
Total so;ids ............................. __ 20.48 

/ 

Professor Howard called attention to the low proportion of calcium 
salts in this water. The water was not so bard as most rock water, or 
even as much drift water. He also noted that the sulphates would 
protect from corrosion the lead pipes which carried it. 

A second analysis was made by the same chemist during the present 
year for the State board of health, with the following results: 

Analysis of 1vatm· from well at Bellefontaine, Ohio. 

C Constituen1. Grains per 
gallon. 

-----1 

Carbonate of lime ........ _ ...... _ ..... _ ... _.... 20. 44 

Carbonate of magnesia ... _... . . . . . . . . . . . . . . . . . . 3. 56 

Sulphate of lime .......... _ ..... _. . . . . . . . . . • • • . 3. 82 

Sulphate of alumina ...... __ .. . . . . . . . . . . . . . . . . . . 0. 00 

I Chloride of sodi uru-- ... -- -- ...... - .. -- - - --- -- - - _ 0. 015 I 
Total solids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27. 84 

The figures do not agree in all respects with those first obtained. 
The calcium salts are still low for rock water from this horizon, but 
they are 150 per cent higher than the proportions reported in the first 
analysis. The sulphates agree approximately in both analyses. The 
proportions of magnesium carbonate differ largely, and no sulphate of 
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alumina is reported in the last result, while nearly 3 per cent is found 
in the first. This substance is very rarely reported in Ohio waters, 
and, all things considered, it seems probable that some change has 
taken place in this rock water, owing to the circulation given to it 
through the action of the pumps. Common salt is only one- third as 
much in the last analysis as in the first. 

The present supply has seemed to meet fully all hygienic demands. 
Typhoid fever and diphtheria were formerly of frequent occurrence in 
the town, but have entirely disappeared, and in other respects the new 
water supply has fully approved itself. 

The pumping capacity of the two wells is 1,500,000 gallons per diem, 
and a daily average of about 1,000,000 gallons is furnished at the 
present time. The railroads passing through Bellefontaine make large 
use of the city water. In September last the Cleveland, Columbus, 
Cincinnati, and Indianapolis lines used 5,000,000 gallons. 

TOLEDO. 

This city also comes into the present list from the fact that it has 
numerous artesian wells that obtain their water from the great lime
stone series that underlies it. These wells range in depth from 175 to 
400 feet. At the present time the new ones that are drilled are gen
erally carried from 250 t.o 325 feet. The earliest wells obtained flowing 
water at 175 feet, but the supply is not abundant. A 6-inch well, yield
ing 20,000 to 30,000 gallons per diem, is counted a successful well, and 
sometimes the production do.es not exceed 1,000 gallons. Since their 
multiplication, the wells have ceased to flow, but the water still rises 
about 100 feet from the horizon where it is found. 

If the views already advanced as to the mode of storage of water in 
these limestone strata are correct, it would appear that during its pre
Glacial history northern Ohio stood at least 300 to 400 feet higher than 
now. The action of the atmosphere could have then taken effect on 
the joints of the limestone and on the material of the rock itself, which 
now lies far below any preseut possibilities of .such action, for the 
deposits of the drift within the boundaries of Toledo are usually found 
to be about 80 feet thick. M~ny other facts, harmonizing well with the 
views here presented, as to the pre-Glacial action of the atmosphere on 
limestone rocks, have been gathered in northern Ohio. 

TIFFIN. 

This city has secured an excellent supply of rock water for its varied 
necessities, unless an exception should be made in the mattjer of water 
for boilers or steam production. Seven wells have been drilled, each 
of them 10 inches in diameter and averaging 260 feet in depth. They 
are located in the valley of Sandusky River, the bed of which consists 
of bare rock for several miles on each side of Tiffin. It is possible 
that a greater number of wells have been drilled than is absolutely 
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necessary for the uses to which they are put, and the depth of the wells 
may be greater than necessity or advantage requires. Perhaps five 
wells 100 feet deep would produce as much water as the entire system 
now supplies. The quality of the water would certainly not be inferior. 
The wells are arranged practically in line, the extremes being 1,800 feet 
apart. They are connected together and the pump draws directly from 
them. The average demand for summer water is at present about 
1,250,000 gallons per diem. When tl~e pumping is steadiest the level 
of the water is found to sink in all the wells alike, and the commou 
origin of their water is thus shown. 

The present limit of depth bas been maintained so as to escape the 
sulphur water that would certainly be reached a little lower in the 
series. All the facts pertaining to this underground water have been 
thoroughly ]earned in the course of the extended search for gas and 
oil that has gone forward in and around Tiffin during the last twenty 
years. 

Before drilling the wells in the rock, the waterworks board seriously 
considered the project of going to the famous Mohawk Springs, a few 
miles south of the city, for its supply, but measurement showed the 
daily production of the springs to be but 1500,000 gallons, which was 
altogether inadequate for the demand even at that time. The expense 
of piping the water from the springs would have been heavy, and this 
was also considered in the final <letermination of the question. 

No analysis of the city wa.ter was obtained, but it is fair to consider 
it of the usual type of water from the Onondaga limestone, i. e., mod
erately or excessively high in sulphates and carbonates of lime and 
magnesia. 

CLYDE. 

West and north of the village of Clyde artesian wells of large pro
duction have been known for a number of years, but the water is 
generally eharged with sulphureted hydrogen. The pe Witt well, 1! 
miles west, and the Durland well, 4 miles north of the village, are good 
examples of this class. 

The village has spent $40,000 in the last few years in putting in a 
public water plant. It began with drift wells, and had five such wells 
at its disposal, when it began its public distribution. These wells are 
55 to 60 feet in depth. A large reservoir was added, 15 feet square 
and 45 feet deep, which reached a water vein, and from which the 
pumps drew their supply. The water in the wells was artesian, their 
overflows being conducted to the reservoir above named. 

In these drift wells a hard and solid stratum was found at the bot
tom that was counted rock by those employed in sinking the wells, but 
it bas proved to be nothing more than a bed of cemented sand and 
gravel, for in subsequent work the drivepipe was forced through this 
stratum, and a considerable thickness of drift was found below it. 

The experience referred to in the preceding statement was gained in 
1896, when the waterworks trustees determine<l to add one rock well 
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to the seven drift wells already in use. The rock well was carried 
down 230 feet, the last 10 feet of which were in the great sheet of 
Onondaga limestone. vV ater was found at the top of this stratum 
under artesian pressure, the water rising to within 4 or 5 feet of the 
surface. The entire public supply of the village bas since been fnr· 
nisbed by this well, but it does not exceed 125,000 to 130,000 gallous 
per diem. The drift wells draw their supply. from a common source, 
as is proved from the action they exert 011 each other. When the 
reservoir is pumped low all the wells that supply ·it cease flowing. 

The water from the shallow wells is counted harder than the rock 
water, but as no analyses are at band we are 110t obliged to adopt this 
opinio11. 

BELLEVUE. 

This village, like so many already named, obtains its water supply 
from the 011ondaga limestone series, and as in so many cases already 
noted, it bas derived its experience as to underground water from its 
eftorts to find gas or oil while the spell of Pittsburg and Findlay were 
in force upon the entire State. 

A shallow cover of lake sand and gravel, together with occasional 
patches of bowlder clay, constitute the surface in and immediately 
around Bellevue. The beddell rock is easily reached at many points. · 
Creech's quarry, one-half mile west of the village, bas been worked for 
a long· term of years and on a large scale. The quarry shows a total 
thickness of 50 feet. The strata belong high up in the great formation 
with which we are now concerned, viz, the Onondaga or Lower Helder
berg limestone. This rock, as found here, is exceedingly permeable, 
through causes that have been explained in the preceding discussions. 
In particular it is everywhere traversed by two ~ets of divisional planes, 

. locally called "joints" and" crevices." The latter of these are descri~ed 
as always vertical, while the '• joints" may depart to some extent from 
the perpendicular. There can be little doubt that the two regular sets 
of joints of stratified rocks are the dividing planes in this case. By 
reason of these open passageways, communicating freely wit.h one 
another by a thousand connecting channels, Bellevue and its immediate 
neighborhood are provided with a very effective drainage system. All 
surface water is promptly carried off by excavations in the drift to the 
surface of the rock. The need of sewers has never been experienced 
here. It is also known that a strong flow of water sets through the 
limestone toward the lake-that is, to the northward. As will pres
ently be shown, the village avails itself of this flowing water for a 
public supply, consequently it protects the region beneath which its 
water supply passes. The artificial sink holes above referred to are 
allowed by the council only to the north of the districts in which the 
waterworks are located. 

The waterworks board of the village drilled tlleir first well within 
4 feet of the abandoned gas well. Water was found in large volume 
at 185 feet, but it was so strongly impregnated with sulphureted 
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hydrogen that it was abandoned as unsatisfactory for public use. It 
was thought at the time that the contamination ~ame from gas escap
ing from the Trenton limestone which was reached in the preceding 
well. But such mode of origin is not necessary. There are many 
nearer sources in the series that underlies Bellevue. 

A second well was drilled in 1895 to a depth of 204 feet. Water was 
found at 60 feet, which evidently flowed to the northward, but it was 
thought better to go deeper. At 196 ·feet the tools dropped 18 inches 
through an existing cavity, which must stand for subaerial solution 
and removal at some earlier day. At a depth of 204 feet the drill was 
stopped and a double-acting pump was set at work for seven days con
tinuously. The production of the well was found to be 500,000 gallons 
per diem, and at tho end of this prolonged test the water in the well 
was found 19 feet higher than at the outset. The average consumption 
of the town is very near the average production of the well, but 
impounded water is preferrecl for steam production in the village, and 
this is separately furnished. The open character of tbe underlying 
rock is weU shown by the fact that in dri1ling very few chips are brought 
up. As the rock fragments are consecutively set _free some current of 
water carries them o_ut of sight. 

CASTALIA. 
! 

. The noblest fountain of Ohio still remains to be named. It emerges 
directly from the Onond.aga limestone. It is located in Margaretta 
Township, in the northwest corner of Erie County, about 3 miles south 
of SanduskY. Bay. Its highest springs ~re 57 feet above the level of 
Lake Erie. The ground rises at a fairly rapid rate to the southward, 
its altitude increasing 150 feet in the course of 3 or 4 miles. The foun
tain of Castalia, as was well shown by Newberry/ takes the part of 
a considerable stream in unwatering 125 to 150 square miles of territory. 
which has ~o surface drainage. This area comprises the following town
ships in whole or in part: Margaretta and Groton, Erie County; York, 
Sandusky County; Lyme, Huron County; Thompson, Seneca County. 
, This un'derground stream bears a little west of south from its outlet. 

Its course is marked by numerous sink holes and caverns. The drift 
is shallow throughout the entire area and there are numerous exposures 
~f thinly covered rocks. At Bellevue underground streams having a 
strong flow to the northward are struck whenever wells go into the 
rock. Near Flat Rock station, a few miles south of Bellevue, a consid
erable cave in the limestone has recently been discovered. It is no 
doubt a part of the underground chambers through which the stream 
that emerges at Castalia is fed. 

At the points of emergence of the water and northward to the bay 
the surface has been filled by vegetable growths, accumulated for 
thousands of years, to a depth of 20 to 50 feet. Extensive sheets of 

1 Geol. Survey Ohio, Vol. II, 18i4, p.l86. 
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travertine have been deposited· at different stages, covering square 
miles in extent. The travertine consists of nearly pure carbonate of 
lime, though the rock from which it is dissolved is almost a typical dolo
mite. 'l'he entire area from the emergence of the water to the shores of 
Sandusky Bay constituted an extensive marsh or swamp when it first 
came under the eye of man. 

These Castalia springs were used for milling purposes for three
fourths of a century. An extensive paper factory was once in opera
tion here, and a flouring mill later took its place. 

Through these vegetable accumulations above referred to, the water 
rises with a strong ascending force from the underlying rock to the 
surface, forming boiling springs of great volume. The most notable of 
these springs is called the Blue Hole. It is 75 feet in diameter and about 
45 feet deep. Its discharge is 5,000 gallons per minute, or 7 ,200,000_ 
gallons per diem. The temperature of the water, which is the same 
throughout the year, is 48° F. The upper springs, from the same 
underground source, add about 20,000 gallons per minute, making the 
total outflow of the stream 36,000,000 gallons per diem. The water is 
exceptionally clear. A white pebble dropped into the Blue Hole can be 
distinctly followed by the eye until it reaches the moss at the bottom. 
The water is so little aerated that fishes placed in it die at once from 
want of oxygen. 

In mineral contents the water agrees closely with the general type 
of waters derived from the Onondaga limestone. 

An analysis made by Dr. J. Lang Cassels, of Cleveland, shows the 
following composition : 

Analysis of 'Wate1· j1·om the Castalia spnngs . 

r= Constituent. Grains per 
gallon. 

. ----1-

Chloride of potassium ......................... . 

Chloride of sodium ............................ . 

Chloride of magnesium ......................... . 

Sulphate of -potassium ......................... . 

Sulphate of soda .............................. . 

Sulphate of magnesia ............ : ............ . 

Sulphate of lime . ; ............................ ·1 
Carbonate of lime ............................. . 

Carbonate of magne~ia ........................ . 

Carbonate of lithia ............................ . 

Carbonate of iron ............................. . 

Aluntina ........................ _ ............. . 

Silica .............. · ........................... . I Organic matter ................................ . 

Total solids ...........................••. 

0.665 
.685 

!3.814 
2.656 
. 587 

5.986 
6.952 

57.752 
8.432 
.910 

1. 632 
1.842 -
2.089 

~I 
~ 



682 THE ROCK WATERS OF OHIO. 

The water, though spread out over many acres of land (13 acres) 
and nowhere except at the springs more than a few feet in depth, never 
freezes. The streams flowing from these sources were known in early 
times as cold creeks, the several subdivisions of which received different 
designations . 

.Advantage has been taken of late years of these cold and· clear 
waters to establish trout preserves. Two companies are now estab
lished here provided with clubhouses, cottages, etc. 

The Castalia Trout Ulub Company owns 104 acres of land, l1aving 
bought up the old mill site and removed the structures formerly placed 
there. It has led the water through its grounds by tortuous channels, 
some of them 15 or 20 feet wide, and has thus secured a total length of 
6 miles of stream within its boundaries. Pools, rapids, and cascades 
abound along the course of the _stream and prove excellently adapted to 
the habits and dispositiQns of brook trout (Salmo fontinalis), with which 
the waters have been stocked. Fresh water crustacea and small fish 
abound, which fnrnisb a natural food supply for the trout, and all con
ditions prove excellently adapted to its full development, although it 
is not native to the waters of Ohio. 

CORNIFEROUS LIMESTONE. 

The formation now to be considered is of small importance as a source 
of water in Ohio, mainly because of its comparatively small area. Fur
thermore, its natural cover in the rock series is the Ohio shale, which is 
au impervious formation when any considerable amount remains. We 
have, however, a few instances in which flowi11g waters and generous 
springs issue from this sheet of limestone, but no instance of its use as 
a s·ource of public water supply occurs in the State so far as known. 

COLUMBUS. 

In a small district of this city several flowing wells drilled to the 
horizon here indicated have beeu struck. The water in them is strongly 
impregnated with sulphureted hydrogen, but it is not certain that this 
feature is due to the limestone. In fact, it is rather probable that 
the sulphurous character of the water is derived from the thin band of 
shale overlying the limestone. The drift of the immediate region also 
abounds in fragments of shale, and particularly in the pyrite nodules of 
this formation, which, being harder than the rock that originally 
inclosed them, have survived while the shale has perislled. The wells 
in question are all located on West Mount and Main streets, near the 
intersection of Canal and Water streets. There are four wells to . be 
counted in this series, the first one having been drilled in 1884 and the 
others within two or three years thereafter. They belong to Schaweker 
Bros., tanners; T. Lewis & Sons, tanners; The Columbus Soap Works, 

,and Hardesty Bros., millers . 
.All these wells appear to reach the same horizon of water, though 
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the difference in their production is large; but the production of one 
aJleets the rest to a considerable extent. It has been impossible to get 
the exact records of the drilling on account of the interval since they 
were put down, but it seems fairly well settled that all of them pene
trated a thin bed of the Ohio shale at a depth of about 100 feet below 
the surface before striking the limestone, and that the principal water 
vein is met a few feet below the surface of the limestone. In the Lewis 
well the greatest supply comes from 132 feet. The water bas a constant 
temperature of 52° F., and 011 this fact its most important uses depend, 
viz, for the condensation of steam in the flouring mill and for preserv
ing hides in the tannery in the warm weather of summer. 

The water is so rank with sulphuret.ed hydrogen as to be disagree
able to many, but by others it has been counted medicinal in its effects, 
and for a time it was regularly sold through the city from a wagon 
employed for this purpose. 

Before getting down to the sulplmr ~ater other water veins were 
struck in drilling through the drifts; but only the rock water proved 
artesian, and its flow shows but a comparatively slight l1ead of pressure. 
The Hardesty well is a particularly strong one. 

In the northern part of the city there are several flowing wells from 
the drift, the most vigorous of wliich is one drilled a year ago at the 
corner of Eleventh avenue and Fourth street. The well is shallow, "J?ut 
its original volume was large. It yields the ordinary quality of the 
drift water of the region. The Ohio shale lies but a few feet below the 
surface here, and the ground rises to the eastward with a considerable 
grade. The natural drainage is westward, and a large body of water 
is moving in this direction upon the sloping surface of the shale and 
through- the drift that covers it, when the latter consists of gravel. 
There is no apparent chance for this watm~ to secure adequate purifica
tion if once seriously polluted; but, flowing from the well. as it does 
with a strong current, it impresses those who see it as coming from a 
deep source, and therefore as possessing all the characteristics of rock 
water. 

A fine spring enters the Scioto River from the westward a few 
miles below Columbus. It is known as the Wyandot spring, tradi
tion connecting it with the Indian occupation of the country a hun
dred years ago. This spring shows all the characteristics of a limestone 
spring. It emerges from the joints of the Corniferous limestone, duly 
widened by solutiou. There is but a shallow cover of drift in the imme
diate region. Undoubtedly, if we could follow back this vigorous flow 
to its source we should find a considerable underground stream, drain
ing a large territory, receiving tributaries from both sides, after the 

· fashion of surface streams of like volume. The Scioto River is known 
to receive notable accessions to its flow from sources like this. 

Some of the water referred to this stratum may properly be referred 
to the Ohio shale, immediately overlying, since it is aftected by its con
tact with or stay in that formation. 
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OHIO SHALE. 

It is only at the junction of the great shale stratum with the Devo
nian limestone that any considerable production of water can be referred 
to the formation named above. Water finding its way through the 
lower beds of the shale attacks and dissolves the underlying limestones 
to a greater or less extent, and when th~ conditions are favorable large 
springs appear at this horizon. 

An excellent example -of these conditions can be seen in the well
known sulphur spring 6 miles above Worthington, in the Olentangy 
Valley. The spring comes in from the eastward. It has a strong flow, 
and the water is heavily charged with sulphureted hydrogen. A white 
precipitate of sulphur discolors the 01entangy River for about a dozen 
rods below the point where the spring enters the river. 

The famous spring of the Sunfish Valley, in Pike County~ known as 
Campbell's spring, comes under this head; that is, it emerges from the 
rock just at the junction of the shale and limestone. The limestone at 
this point is not, howeyer, the Devonian limestone, but by overlap the 
shale here rests on the Onondaga .. The shale from under which this 
spring comes to light rises into uplands 300 to 400 feet above the valley 
level The spring has voluq1e enough for a mill stream when it first 
comes to light, but it is too near the level qf the valley to give the n·ec
essary head. Some years ago an attempt was made to obtain mill 
power from it by confin~ng it in a water tower built of stone for this 
purpose; but as soon as a foot or two of head was reached in the tower 
the stream burst out in a new place 5(). to 100 feet above its oi.d point of 
escape, rendering all the work done futile. 

The water of Campbell's spring is not st1lphurous, ~nd its character 
has not therefore been affected by the overlying shale. It is probable 
that the traditions of the neighborhood in regard to the spring are well 
founded, viz, that it has its origin in. a surface stream flowing in a val
ley several miles westward which disappears abruptly, passing out of 
sight in the upper beds of the limestone. The quality of the water 
and the general conditions of the spring agree very well with this 
explanation. 

In a well drilled 100 feet into the Ohio shale, near the center of the 
village of Worthington, a small amount of water was found, but it was 
too highly mineralized to allow its use as a potable supply. The min
eral content of the water was principally sulphate of alumina, but the 
percentage was not determined. Iron is always present in large amount 
in this shale water. Water is also found in the great shale formation 
when the latter is overlain by considerable deposits of drift, as in the 
extreme northwestern counties of the State. In such cases the water 
carries notable quantities of common salt, as a rule. In numerous 
instances the quantity is so large as to make the water unsuitable for 
use as household supply or as stock water. 

• 
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WAVERLY GROUP. 

No characteristic quality or condition has been noted in any of the 
strata composing the Waverly group, so far as the water supply is 
concerned, except in a single instance to be noted later. The entire 
group is poor in water. In large areas, in which the lowermost and 
middle elements make the surface rocks, there is an almost complete 
lack of water, as shown in springs. In summer droughts such regions 
become almost uninhabitable for man and beast, except as rain water 
bas been previously stored by artificial means. 

MEDINA. 

A single puplic supply is found in the upper portion of the Cuyahoga 
shale at Medina. The drift water of this region is exces~ively hard, 
and consequently gives much trouble to those who use it in stea~ 
boilers. To secure a supply that would relieve them from this difficulty 
bas been an object of resolute search on tbe part of a few manufac
turers in the town, among whom Mr. A. I. Root. has been especially 
active and enterprising. In this search Mr. Root bas drilled seven 
wells at his own expense, the wells ranging in depth from 25 to 160 feet. 
He found that it is only by effectually shutting off the water derived 
from the drift that the character of the rock water can be recognized. 

When, eight or ten years ago, all the enterprising towns of Oqio 
entered· on the search for gas or oil in their immediate neighborhood, 
a small supply of water, differing in quality from the water in the drift, 
was struck in the trial well that was dril1ed at Medina in this interest. 
The gristmill located near the well availed itself of the discov~ry and 
found the water well adapted to boiler use, although it is somewhat 
saline. The rock water of the entire region has, however, this char
acter. But after learning the experience of the mill in obtaining water 
free from lime salts, Mr. Root determined to further test the rock on his 
own ground at the horizon which had been already developed. He 
was rewarded by a moderate yield of water that was free from lime, 
the surface and drift waters having been carefully exciuded. 

Influenced by this experience, the village decided, in 1895, to estab
lish a public water supply, and up to this time it has invested about 
$7,500 in it8 ])lant. Two wells, S inches in diameter, were drilled in the 
valley near the original trial well and near the mill. The drift at this 
point is but 10 to 1~ feet in thickness, and at 40 feet, in a sandy shale, 
a moderate water vein was struck; and again at 80 feet a vein that was 
counted excellent was reached. The pumps were set to work upon the 
supply and the yield of the new well was estimated at 90 barrels an 
hour, but at present its production is found on steady pumping to be 
about 70 barrels an hour, which is at the rate of 53,000 gallons a day; 
but as the pumps run only fifteen hours out of the twenty-four, the 
present production does not exceed 35,000 gallons a day. 

The water is populal'ly called" soda water." It corrodes iron pipes 
when reaching them in contact with the atmosphere, but in boilers it 
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works very satisfactorily. When used for sprinkling the streets it leaves 
a white crust on evaporation. It is also used. as potable water, but witll 
scant favor. The State board of health, after a chemical analysis, gave 
it approval, though rather grudgingly. So far as the hygienic indica
tions were concerned, there was nothing to condemn the water, aside 
from the large percentage of common salt, but as this is known to be 
a constant product of the rock water of the region, no unfavorable con
clusions were drawn from its presence. The unusual percentage of 
total solids naturally attracted attention, but as they were found to be 
referable neither to temporary nor permanent hardness, but princi
pally to sodium sulphate, the ~ater was not condemned. It is found 
by experience, however, to be unwholesome when used as a regular 
supply for drinking water. The total solids in the two analyses were 
found to be respectively 243 and 238 grains to the gallon, while the 
chlorine in the first analysis showed 33 grains to the gallon, and in the 
second 6!) grains to the gallon. Of the total solids, common salt con
stitutes, as is seen, an important part. 

The Medina water is thus seen to be a distinctly alkaline water, and 
this fact accounts for the approval it receives for boi}er use. The dis
covery is one of great importance to a number of ~ounties in northern 
Ohio, in which drift water is now exclusively used in boilers. The con
stant expense for chemicals to destroy the scale and the frequent inter
ruption of business in getting rid of the obstructing products, together 
with the shorter life of the boilers themselves, make the discovery of 
soft water-for such, practically, alkaline water is-an important desid
eratum. Parts of Trumbull, Geauga, Cuyahoga, Wayne, Ashland, 
Richland, and Holmes seem to be inc~uded in this list. 

As already noted, the ordinary wells in many parts of Medina County, 
and particularly to the south of the county seat, carry a notable amount 
of common salt. Iu a few cases it is found necessary to reject the 
water·on this account. 

A well drilled by the Electric Light and Power Company of the vil
lage, a little west of the wells already described, founu water of the same 
quality at the same horizon, but obtained a much more abundant supply. 

A third analysis recently made by Prof. U. C. Howard for the State 
board of health gives the following somewhat surprising results: 

Analysis of water of well at Medina, Ohio. 

Constituent. 
/ Grains per. 
' gallon. 

Sodium sulphate _ . ___ ... _ ........ ____ .. ____ . __ . 288. 70 
Sodium carbonate . _____ ........ __ ...... ___ . _. _ _ 62. 88 
:Magnesium carbonate ____ .... -----· ____________ I 0.42 

Calcium sulphat.c. ·----- ---------- ____ .......... i 3.05 
Sodium chloride .... ____ ---·---- ____ .... ________ 6.066 

Total solids ____ .... ------------·----- ____ 361.12 
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vVater such as is here shown differs in a marked degree from any 
other water known in the State. · Its alkaline quality is pronounced. 
It will also be noted that the total solids greatly exceed iu this analysis 
even the high figures previously reported. 

ORRV:ILLE. 

It seems necessary to refer the excellent water supply of Orrville to 
the I.~ogan sandstone, which is the conglomeratic phase of the Waverly 
group, though some doubt may exist as to whether the water is derived 
from the Waverly conglomerate or from the first pebble rock that over
lies it, namely, the Sharon division of the Carboniferous conglomerate. 
On the whole the reference here made seems the more probable. 

The Logan conglomerate is a less important element in northern 
than iu central Ohio, but it is generally a porous rock made up of 
coarse sand in which pebbles, often of large size, are embedded. It is 
a water-bearing stratum wherever found at the surfact.~. It forms a 
prominent shoulder of high ground in Richland, Ashland, and Wayne 
counties, which had a very important effect in arresting the advance 
of the ice sheet in this part of the State. Because of its resistance to 
degradation, and its consequent high altitude, the glacial boundary 
makes nearly a right angle here, changing its direction from west to· 
nearly south. A physical model of the State brings out the cause of 
this abrupt deflection in a striking manner. 

Within the last four years OrrviJle has adopted a public system of 
water supply, and its experience has been thus far favorable in all 
respects. The work has been carried forward efficiently and econom
ically, and t;he entire population .shares in the advantages that an 
excellent water supply gives to a town. At the outset of their labors 
the tru~tees tested the public square of the village, hoping to find a 
ceutraJly located supply available. A well was drilled 150 feet deep at 
this point, but though water was struck in both drift and rock, no fiow 
was obtained, and, since fine fiowiug wells are common in the region, 
the well was consequently counted a failure. They next turned their 
attention tv the low ground north of the center, where on several pre
vious trials made by the neighboring farmers excellent fountains had 
been obtained. Two acres were purchased here. These constitute a 
part of the old. lake bottom that gives rise to so much excellent garden 
land around Orrville. The altitude of the ground purchased is about 
1,025 feet above tide, or 35 feet lower than the railway crossing to the 
southward. Four wells were drilled here from 102 to 158 feet in depth. 
The wells were 8 inches in diameter when begun, but were afterwards 
reduced to 6 inches. The cover of drift was found to be about 30 
feet thick. When the rock was reached water was at onee found, but 
the amount increased as the drill descended. Perhaps the drilling 
was continued after the full increase of the supply had been reached. 
None of these public wells show a r·emarkable production, but one of 
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the number yielded for six weeks 125,000 to 140,000 gallons per diem. 
The four wells are connected now and the maximum production thus 
far has been 225,000 gallons in twenty-four hours. The severe drought 
of the autumn of 1897 seems to have had a temporary effect upon the 
production of the wells. The character of the water is not in full 
accord with its sandstone origin. It has obtained sowe mineral 
matter from the drift through which it must bave passed into the 
rock. .An analysis made by Prof. H . .A. Weber of the Ohio State 
University gives the following r.esults: 

Analysis of wate-r from 1vell at OrrlJille, Ohio. ,---
Const.ituent. Parts iu 

1,000,000. 

Ot;ganic matter. . . . . . . . . . . . . . . . . . . .. . . .. . . .. . .. . 7. 44 

Chlorine . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . · 9. 00 

_!_Mineral matter ....... ------ ...... ---------- -----'·-2-85_._o_o_ 

This is equivalent to 19.95 grains to the gallon. Professor Weber 
remarks in his report that the Orrville water is chemically one of the 
best drinking waters he has examined in the State. In boilers it forms 
a thin scale, but gives less trouble of this kind than most Ohio waters. 
The railro~ds passing through Orrville approve the water and make 
large use of it for their lo9omotives. 

Mr. D. F. Griffith, who has a flouring mill on the east side of the corpo
ration, bas drilled a well which obtains its water supply from about 100 
feet below the surface, and flows 31 barrels per hour. The total depth 
of the well is 150 feet. 

Mr. Henry H. Forrer has a fountain well obtained at a depth of 72 feet, 
1~ miles east of the village. Most of the flowing wells of the neighbor
hood show a pressure head of 10 to 12 feet. Iu the Forrer well but 10 
feet of drift was found above the rock. .A conglomerate stratum crops 
out near the well, which is referred to the Sharon conglomerate by the 
former geological survey of Ohio, but this reference does not decisively 
settle its character. 

EAS'l' UNION. 

In some of the townships south of Orrville, and notably in East 
Union, there are several artesian wells, and- some of them are of remark
able character. They are well represented by the fountain of l\'lr. John S . 
.Amstutz, who resides 6 miles southwest-of the village of Orrville. (See 
Pl. LXXIII, A.) Twenty years ago he drilled a well to the depth of 120 
feet. The drift was but 12 feet thick, under which the Cuyahoga shale 
was reached. He continued in this formation, known as " mud rock," 
for 108 feet. .At a depth of 99 feet he struck a notable vein of flowing· 
water, which rose to a head of 24 feet, a fact unprecedented in this 
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State so far as my knowledge goes. The head bas since been reduced 
to 14 feet. The original product-ion of the well was 6 barrels a minute, 
or at the rate of 250,000 gallons per diem. The water origiually rose 
with such force as to throw out stones 2 or 3 inches in diameter. 

The happy thought occurred to Mr. Amstutz to utilize the power of 
this surprising water head. Accordingly he constructed a water wheel 
12~ feet in diameter, to which the waste of the flowing well was con
ducted. By means of tlJis power he grinds feed for his stock and 
executes other mechanical work appropriate to the needs of a farm . 

.A. notable fountain is also found'in a well drilled for schoolhouse No. 
7, East Union Township, 7~ miles southwest from Orrville. (See Pl. 
LXXIII, B.) The well is 89 feet deep, and its flow completely :fills a 
3-inch pipe. Its splendid production makes it well known throughout 
this part of the country. 

NEW LONDON. 

This village has no public water supply and a comparatively small 
number of satisfactory private wells. The latter are either shallow 
drift wells· or deep and expensive drilled wells, the latter operated 
mainly by wind pumps. Of deep wells the number is small. 

The drift beds in the village and in the immediate vicinity are gen
erally heavy. Sections of at least 100 feet of bowlder clay are of usual 
occurrence, and these are often dry from start to :finish, particularly 
after 10 or 15 feet of the uppermost beds have been passed. 

The :first bedded rock to be reached below the drift is the Cuyahoga 
shale, but as this is ·for the most part destitute of water the Berea grit 
constitutes the objective point of the driller. The upper portion of the 
Berea is found to be moderately productive of potable water, but salt 
is generally found in the water when the drill is continued to the bot
tom of the sandstone formation. Occasionally, however, the Cuyahoga 
shale assurp.es a sandy character and yields an acceptable supply for a 
farm, including domestic use and provision for stock. Such an example 
is to be found on the farm of Mr. A. Crittenden, a litt.le east of Ruggles 
Corners. 

In the village the well of Mr. George E. Washburn may be taken as 
a representative of the deep wells of the vicinity. He found 105 feet 
of drift, casing the water off to that depth. Below this there were but 
60 feet of Cuyahoga shale, the balance of the formation having yielded 
to preglacial wast~ and glacial erosion in past time. At 150 feet the 
Berea shale-the band of black shale that directly overlies the Berea 
grit-was struck. Of tb.is the usual thickness-1.5 feet-was found, 

·and at 165 feet the surface of the Berea sandstone was reached. The 
uppermost 20 feet of the stratum were moderately coarse in grain, and 
water appeared in it in fair quantity. As the drill descended salt 
water came in. The work was continued until a total depth of 235 feet 
was reached. The entire thickness of the Berea was penetrated and 
possibly a few feet of the underlying Bedford were included in the well 

19 GEOL, PT 4-44 
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section. If all the rock below 165 feet is assigned to the Berea grit its 
thickness here is 70 feet. 

This well is a failure as a source of domestic supply, and also for 
stock water, though horses will drink it when very thirsty. If the 
drill had been stopped at 185 feet the well would in all probability have 
been at least moderately successful. 

The Arnold well, also located within the village limits, reaches the 
Berea grit by a section very like the one already described, but does 
not penetrate the entire stratum, and thus furnishes water of acceptable 
quality. The wind pump connected with it will fill a 200-barrel tank 
in about fifteen hours. 

North of the village salt water in wells has not been reported as 
troublesome. 

Mr. D. W. Smith, of New London, is. the reliance of this entire dis
trict in the matter of drilling wells. He has made himself thoroughly 
familiar with the underground geology of the region, and his observa
tions are o~ great interest and value. He bas come to believe that the· 
water question is steadily becoming a more difficult one for this part 
of the State, because of the drying out and consequent hardening of 
the great sheet of bowlder clay which covers the country. He claims 
that an increasing percentage of the rainfall escapes in the run-off. I 
am not prepared to e~press an opinion on this question. 

CARBONIFEROUS CONGLOMERATE. 

The group of three great sandstones now to be considered has a much 
more important relation to water supply than the formation last .dis
cussed, although the present group does not equal in volume the pre
ceding one. 

The lowest stratum is the Sharon conglomerate, which is often a 
white and pebbly sand of great purity. Near Youngstown, in Trum
bull County, it occurs in fine development as a surface rock. Quarries. 
have sometimes been opened in it. The stone from which the fine resi
dence of the late Hon. Chauncey Andrews was built was derived from 
this source. This stratum probably takes part in the water supply of 
more than one town in northern ·Ohio, but the only case in which the 
public supply can positively be referred to it is that at Massillon. 

MASSILLON. 

A private company holds the franchise for supplying this thriving 
and important city with water. It is known as the Massillon Water 
Supply Company, the principal stockholders being eastern capitalists. 
The present company bought out an older company in 1887, paying 
$80,000 for the franchise and plant. Up to the present date the com
pany has made a total investment of about $300,000. 

The original company obtained its water supply from Sippo Lake, and 
this proved unsatisfactory to the people of the city in every respect. 
It had all the disadvantages of an inadequate surface supply. 
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In 1890 the present company undertook to find a new and approved 
supply, and in this interest drilled a 6-inch well in the valley west of 
the town. It found 73 feet of drift at this point. The first rock 
reached was a pebbly sandstone, which is referred with confidence to 
the Sharon horizon. This stratum seems to have. continued, with but 
slight changes, to a depth of 200 feet. The drill was kept at work for 
a further depth of 60 feet, but no new stocks of water were reached 
after the sandstone was passed. The rock in which t.he water was 
found was popularly identified with the Massillon sandstone, but this 
identificatio.u is certainly erroneous, for the great Massillon quarries 
rise 75 to 100 feet above the river not more than 1,000 feet distant from 
the location of the_ well, while the water-bearing sandstone is not 
reached until the drill has descended 60 feet below the same level. 

The supply of water from well No.1 bas proved generous. For three 
years it was made to yield 500,000 gallons daily. The water betrays 
contact with other formations than the sandstone, as the following 
analysis shows. The results of the analysis seem to stand for careful 
work, but I was unable to find where or by whom the analysis was 
made, except that it is credited by the company to Professor Smith. 

Analysis of water j1·om ~vell at Massillon, Ohio. 

C Constituent. Grains per 
gallon. 

----1-1 

Potassium sulphate ............................ . 

Sodium sulphate .............................. . 

Sodium chloride ............................... . 

Sodium phosphate ............................. . 

Calcium sulphate .............................. . 

Calcium bicarbonate .......................... . 

Magnesium bicarbonate ....................... . 

Alumina .......... _ ... _ ....................... . 

Silicic acid .................................... . 

Iron bicarbonate ........•...................... 

0.13 
1.16 

. 76 

Trace. 

. 79 

12.65 
5.47 
. 005 
.59 

. 06 

That the water comes from a more elevated situation is apparent 
from the fact that it begins to flow as soon as the sandstone is struck. 
It attains a final head, however, of but 5 feet above the well mouth. 
A temperature of 52° F. is maintained throughout the year. The 
analysis shows a considerable amount of temporary hardness, ex
pressed in the analysis by 18.12 grains of calcium and magnesium 
bicarbonate~ to the gallon. Some complaint is made of this by persons 
using the water for steam production. Local changes in the rainfa11 of 
the region do not seem to affect the production of the well. 

In 1893, 4 acres of ground in the river bottom and adja~ent to the 
location of well No.1 were purchased, and five new wells were drilled 



692 THE ROCK WATERS OF OHIO. 

here. All are 6 inches 'in diameter and 200 feet deep. Well No. 2 found 
60 feet of drift, while in another but 12 feet were found, and in a third 
location the drift was penetrated to a depth of 150 feet without reach
ing bottom. The-location was on this account abandoned. 

It was at first proposed to place all the wells near together to secure 
the greatest economy in pumping, but after four were sunk it became 
evident that the wells affected each other, consequently longer distances 
were established between the wells' already drilled and the two remain
ing. Well No. 5 was located at least 600 feet from the nearest of the 
old wells, and well No.6 about 1,000 feet from any other. The quality of 
water from all the wells is counted identical, but the several wells vary 
to a considerable degree in their production. Where the. grain of the 
sandstone grows finer the production is correspondingly diminished. 

The capacity of the systetu has never been fully tested. The maxi
mum production reached thus far is 1,000,000 gallons per diem. 

The water seems to meet all hygienic demands. Not a single case 
of typhoid fever is known to have occurred where the city water bas 
been exclusively used. This scourge is not of rare occurrence in parts 
of the town which depend on wells or other local supply. 

At the grounds of the new asylum, 1~ miles south of the court-house, 
two 6-inch wells have been drilled to a depth of 250 feet. They yield a 
good volume of water, but it does not rise higher than 190 feet in the 
pipes, which is 60 feet below the surface. The water bas not been 
analyzed, to my knowledge, but for some reason it was reported as 
distasteful to the workmen employed in the construction of the 
buildings. · 

CUY .A.HOG.A. FALLS. 

This village has thus far provided no public water supply, but never
theless it relies almost entire;y upou rock water. The Sharon conglom
erate appears in great force in this region, and the Cuyahoga River 
has cut a post-Glacial valley through it, 50 to 100 feet deep, providing 
everything that can be asked in the way of natural sections. Thin 
layers of clay are occasionally interstratified with the pebble and sand
stone beds, and some of them are persistent enough to make local 
water-bearing horizons. There seems to be one of these horizons.tabo~t 
60 feet below the general level of the village, to which the private wells 
which supply most of the people with water are generally sunk . 
. Throughout the entire territory, but particularly in the higher por· 

tions of the valley, beds of drift are found which sometimes reach a 
thickness of 50 to 75 feet, but do not often exceed 30 feet. They con
sist largely of sand, derived from both the Glacial and pre-Glacial 
waste of the great conglomerate ledge which makes the surface rock 
of this entire district. Deposits of clay carrying more or less calcare
ous matter are, however, occasionally found in the drift series. 

Springs are of frequent occurence along the natural outcrops, or sec
tions rather, of the conglomerate. One of fine volume is almost central 
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in its location. The water of most of them contains lime, though not 
in large amount. The springs undoubtedly. derive this element from 
the drift beds through which almost all even of the sandstone water is 
obliged to pass. _ 

Well-considered _plans for a complete water supply for the village, 
prepared by a competent and experienced· engineer, Mr. John Paul, 
have already been approved by a majodty of three to one on a popular 
vote. It is probable that these plans ~ill be carried out in ·the imme
diate future. 

CARBONIFEROUS SYSTEM. 
I 

The water supply of the large and varied rock system that we are 
·now to consider stands by itself in this respect, viz, that while heavy 
beds of sandstone, some of them coarse and conglomeratic, which would 
serve an admirable purpose as reservoirs, are included in i_t, the system 
contains so many impervious beds, in layers and bands of fire clay and 
in strata of shale and limestone, that no adequate provision is found 
for filling the reservoirs, or, at least, for constantly replenishing them 
where they are made the basis of a public water supply. For this rea
son, the entire series must be pronounced poor in rock water. Supplies 
for dwellings and farms can be secured almost everywhere, and in the 
majority of instances the character of the water obtained is an that 
could be asked, but any considerable and growing towns that are located 
within the boundaries of this formation, if forced to rely on rock water, 
are confronted with a difficult problem in the matter of an adequate 
supply. Illustrations of the facts involved will be found in the few 
instances in which the trials have been already made. 

It is to be further noted that the towns nearest to the boundary of 
the formation are more favorably situated in this respect than those · 
that lie well within the Coal Measures, for upon the boundary uncov
ered areas of the great sandstones that belong in the series are more 
likely to be found. 

It is also to be observed that· the drift beds, which are the great 
storage basins of the rainfall for such portions of the State as they 
occupy, are entirely wanting over most of the Carboniferous territory. 
The proximity of the glacial bound.ary, with its beds of drift, serves much 
the same purpose as the outcrops of the sandstones. 

On the other hand, most of the cities and larger villages situated 
within the Coal Measures find easy access to the great waterways of the 
State, and have it in their power to obtain ample and, by the use of 
adequate systems of purification, safe water supplys from the rivers in 
the valleys of which they are situated. In such a list are to be found 
Youngstown, East Liverpool, Steubenville, Bellaire, Pomeroy, Marietta, 
Ironton, Zanesville, and Coshocton-in other words, the principal towns 
in the Ohio Valley and on Muskingum· River, the largest tributary of 
the Ohio. 
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CANTON. 

This town, while well within the Coal Measures, lies upon the main 
terminal moraine of the State, and derives considerable advantage in 
respect to· its water supply from this fact. All the territory to the 
northward of the city is drift covered, and heavy deposits of gravel 
and gravelly clay are common here, from which small lakes and spring
fed streams derive their waters. The streams that run through Can
ton are the several forks of the Nimisbillen, which is . an important 
tributary of the Tuscarawas River, but these take more or less drain
age from coal mines and clay works, and also from the farming dis
tricts through which they pass. Certainly the water which they bring 
to the city is more or less impure and unsatisfactory. Along two of 
the main branches of the Nimishillen, above the town, swamps of con
siderable size occur, and when the water question was first discussed 
by the city these were believed to be underlain by considerable deposits 
of drift gravel, from which it was thought that water could easily be 
obtained in large amount. The results of exploration have ·not justi
fied these expectations. 

Eight years ago necessity compelled the city to act in the matter of 
public water supply. Attention was first turnerl to the nearest of the 
swamps already alluded to, viz, that on the west fork of the creek, 
about 2 miles above the city limits. The record of the drilling at this 
point showed 6 feet of black muck, 5 feet of clay, and but 4 feet of 
sand and gravel, below which the bed rock was struck. 

The first stratum reached was the weH-known Lower Mercer lime
stone. It was 3 feet thiek, and next below it came 60 feet of shale, 
called ''slate" by the driller. Then 50 feet of sandstone occurred, in 
which a moderate stock of water was found. Another and heavier 
deposit of shale was next recorded, below which a second sandstone of 
the same thickness as the first, viz, 50 feet, was met, and, like the first, 
carried a stock of water. The first well was carried to a depth of 365 
feet, but no additions to the water supply were made below 275 feet, 
and. consequently all the subsequent borings were limited to this depth. 
The water rose under artesian pressure, but did not flow from the sur
face of the trial well. 

Thirty-five wells have since been added to the first, the record of 
which bas been partially given above. They all strike the water hori
zons reached by well No.1. In all, artesian pressure was manifest, and 
in four of the number the water flowed from the well mouth, but in a 
feeble stream. The head of pressure in no case exceeded 2 feet. 

These wells are rlivided into two groups, viz, 6 in the northern part 
of the field and 28 in the southern part; but ·their total production 
does not exceed 1,000,000 gallons per diem, which is an average of less 
than 30,000 gallons to the well. But this amount is only one-third 
of the demand of the city. Consequently, two-thirds of the supply 
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is drawn from the raw water of the West Branch. The character 
of this water has been already noted, and by its admission to the city 
supply the quality of the whole is unfavorably affected. 

The rock water is known as "race water," because it comes to the 
pumping station through an old mill race. The yield of the wells does 
not appear to have been reduced since they were first drilled; but as 
the city bas been growing rapidly meanwhile, the supply has become 
inadequate, and its inadequacy becomes more and more noticeable. 

The waterworks board has recently been considering an increased 
supply of water of the best available quality, and has directed its 
attention to the Middle Fork of Nimishillen, Creek .. The drainage area 
of this stream is 45 miles, against 35 square miles for theW est Branch. 
It was also hoped that larger deposits of gravel would be found in this 
v·alley than in the valley to the westward. Two wells have been 
located iil the new field, but the results of the exploration have thus 
far been in some respects disappointing. The bedded rocks were found 
at a like shallow depth, as in the western valley. The sections of two 
drift wells are as follows : 

Sections of wells in the valley of the Middle Fork of Nint'ishillen Creek. 

I--------------M_a_te-ri-al_. _____________ 
1 
__ N_o_.l __ . No.2. I 

Feet. Feet. 
Sand and gravel. ______________ . _ .. _ ..... _ 

Sand rock ______________ -------·-···-------
Shale __ .. _ ........ _ .. _ _ .. __ ... __ .... ___ . 

14 

10 

49 

19 
8 

48 

I Sand rock .................... ···--------- __ 4_8_ 55 I 
TotaL _ .. _ ..... _ . _____ .... _ ... _ .... _ 121 130 

The lower sand rock proved in both wells to be a much more vigor
ous source of water than the sandstones of the western wells. In both 
there is an artesian bead of 6 feet, and on a pumping test, continued 
for several hours, well No.1 produced 150 gallons per minute, and well 
No. 2, 240 gallons per minute. These figures are at the rate of 216,000 
and 345,000 gallons per day, respectively, or nearly ten times the pro
duction of the first. series of wells. The water in the casing was low
ered by the pumping test a few feet, but in well No. 2 it flowed again 
from the we~lhead twenty-two minutes after a test of three hours had 
been completed. This source has not yet been added to the city sup
ply, but it is full of promise in this regard. 

The waterworks and sewage-purification plant of the city are under 
the charge of Mr. L. E. Chapin, city engineer, who has an excellent 
reputation throughout eastern Ohio in these lines of work. 

'fhe experience of Canton is typical and representative for the Coal 
Measure territory, except that the production of the Middle Fork wells 
is better than most towns ltave reason to expect. 
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LOUISVILLE. 

This village is small, but it has wisely provided its people with public 
water. Two wells have been drilled, 114 feet in depth and 6 inches in 
diameter. They have proved eminently successful in ·every: respect. 
They are found to yield 750,000 gallons in twenty four hours, and the 
quality of the water is approved. The village lies within the drift area 
of the State, and doubtless receives some advantage from this faet. 

CARROLLTON. 

From Mr. L. E. Chapin, who constructed the works for this village, it 
is learned that five wells have been drilled for public supply, each 100 
feet deep and 10 inches in diameter. The surface deposits in the valley, 
where the wells were sunk, were found to be 40 feet thick. The best of 
the wells bas been found to produce 7,000 gallons an hour, which is at 
the rate of 168,000 gallons a day. But pumping at this rate makes 
too heavy a draft upon the stock of rock water, as is seen by the rapid 
reduction of its level in the pipes. The wells obtain their water from 
the sandstones of the Lower Productive Coal :Measures, and presum
ably from the Kittanning .sandstones. The water in these wells rises 
under artesian pressure but does not flow. 

CADIZ. 

The following facts as to the public supply of Cadiz have been 
gathered from the report of the State board of health fur 1895: 

The village water works were established under the direction of l\ir. 
L. E. Chapin, consulting engineer. 

Five wells have been drilled for the public supply to a depth of 212 
feet. The wells are of different diameters, one being 8 inches and the 
others 5g inches, which is the usual size of oil wells. The average 
production of the system is about 250,000 ga1lons per diem. But this 
amount is somewhat in excess of the natural production of the rocks, 
as is shown by the fact that the level of the water is drawn down fully 
100 feet. 

COLUMBIANA. 

This town introduced a public water supply in 1895, an account of 
which is given in the report of the State board of health of that year. 
The wells are 72 feet deep, the uppermost 22 feet of the section being 
unconsondated materials and the lower 50 feet being in sandstone. 
The water rises in the wells to within 4 feet of the surface. In tests 
that have been made the production of a single well has been found to 
be a little more than 3,000 gallons an hour, which is at the rate of about 
75,000 gallons a day. The sandstone from which the water is derived 
is some division of the Lower Productive Measures. 
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FLOWING '\VELLS. 

PRELIMINARY STATEMENT. 

As stated in the introductory paragraphs of this report, only those 
flowing wells of the State are to be treated here that are found in con
siderable areas, that derive their water from a considerable depth, and 
that have also considerable head of pressur~. To render these qualify. 
ing terms serviceable it becomeH necessary to specify more particularly 
what they severally cover. The areas to be considered will range from 
5 square miles upward, the largest probably not exceeding 25 or 30 
square miles. The head of pressure in the regions to be reviewP-d is 
seldom less than 5 feet, and is often several times this amount. The 
depth of the wells generally ranges between 50 and 250 feet, but in a 
few instance~ account is taken of wells of even less than 50 feet. 

The wells of the class now to be discussed belong ·entirely to the 
drift. It is true that some of them derive their water"fi·om the upper
most beds of deeply buried rock strata, but it is mainly the arrange
ment and disposition of the drift beds, after. all, that gives the artesian 
character to these fields. 

The facts as to the actual elevation of the _rocky floor of the State in 
the regions which have been overrun by the glacial drift are of great 
interest. They involve the large questions of the pre-Glacial drainage 
systems of large parts of Ohio, and thuH lead u~ to some surprising 
and unexpected conclusions. The work of investigation is still going on, 
but it seems to be already established that the Ohio River, as we now 
know the stream, is of recent origin, and that the main volume of water 
gathered in it at the present time originally flowed across the State to 
the northward as far at least as Auglaize and Mercer countl.es, where 
it tnrned to the westward, toward tlte present lines of Wabash drainage 
in Indiana. The facts that support such a conclusion, so far as central 
and northwestern Ohio are concerned, have been principally accumu
lated through records of the deep wells drilled for oil and gas during 
the last twelve years. Wells have been sunk by the hundred in the 
regions referred to, and if the facts as to the thickness of the drift had 
been carefully recorded as discovered by the driller, the records would 
have proved of ·priceless value-to the geologist. As it is, multi-tudes of. 
these records have been lost beyond recovery. The great oil companies, 
however, have kept records that are even now available, and for many 
hundreds of wells, located accurately so far as the_ particular fraction 
of the quarter section in which they were drilled is concerned, we can 
learn the exact thickness of the drift. The drilling of water wells has 
in some cases added valuable facts to this series, as will presently 
appear. 

It is becoming increasingly evident that connected investigations are 
necessary for the final determination of these questions. But inasmuch 
as the discovery of the particular localities where the rocky floor bas 
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been deeply eroded is altogether haphazard and accidental, depending 
on the caprice of the driller in locating his wells, the exact courses of 
the old drainage systems can not be ~::;ettled at present. It is not too 
much to expect, however, that their general direction can be made out 
with a good degree of confidence. What is needed in this connection 
is a model, or at least th.e data for a model, of the rocky tloor of the 
State. In the region where drilling has been carried on most largely 
sufficient data are already available for this purpose. The elevations 
of the rocky floor above tide can be determined for many consecutive 
miles, and the general direction of the old valleys can thus be clearly 
established. The State could do no better work in connection with its 
geology than to make use of all accessible data of this kind at once in 
constructing a model of the rocky floor of northwestern Ohio. 

It is possible, however, that the question may be complicated by 
recent warpings of the earth's crust. We know that in New York and 
Ontario; at least, there bas beeu considerable differential movement of 
the surface since the disappearance of the glacial ice. 

FLOWING WELLS OF NORTHWESTERN OHIO. 

The best-known fields of flowing waters within the State are to be 
found in its extreme northwestern corner, viz, in Williams, Defiance, 
and Fulton counties. Several subordinate divisions of this flowing
well territory are to be recognized, one including Bryan, another 
Hicksville, a third West Unity, while still other districts are to be 
found in the southeastern and northwestern townships of Fulton 
County. Several minor divisions will also be discussed. Whether all 
these districts deserve to be considered together as parts of one gen
eral field is not established. They have been so regarded generally by 
the more intelligent observers of the region, and have usually been 
referred to an ancient water course or buried river channel that could 
be followed by means of these fountains from the western end of Lake 
Erie to the Indiana line. Dr. Wood, a former resident of Toledo, 
thought he could trace by means of flowing wells an ancient channel 
through the whole interval. As he regarded it, this river must have 
been a tortuous one, and it would now be considered much more so if it 
were made to include all the flowing wells t.hat have since been devel
oped. The breadth of this old valley would, on such an identification, 
be considerable, if measured by a line at right angles to the main trend 
of the fountain belt. In some instances it would reach 6 or 8 miles. 

In general terms, it is true that the best characterized flowing-well 
territory extends in a northeast direction from Hicksville, by way of 
Bryan, to the south of West Unity and into Gorham and Chesterfield 
townships of Fulton County. The territory continues to the northeast 
into Lenawee County, 1\H~higan, in one part of which almost every farm 
has a fountain. ·The following townships are included in the above
namecl belt: In Defiauce County, Hicksville, )lark, Farmer, and Wash-
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ington; in Williams County, Pulaski, Centar, Springfield, and Brady; 
in Fulton County, Franklin, Gorham, Chesterfield, and Dover. By 
geographical rights, German township, of Fulton County, should be 
added to the list, but no record of :flowing wells within its limits has 
come to hand. But even if fountains are at present wanting, it may 
well be because proper effort has not been made to develop them. 

The main belt can also be described as extending along the course of 
Tiffin River (Bean Creek). Several of the townships named are trav· 
ersed by this stream. 

The topography of this entire region is simple. The surface approx
imates a plain, but there is fall enough in almost every part of the dis
trict named to give good current to the surface drainage. In any case 
the valleys of the region are but shallow furrows in the drift. 

The altitude of a few of the principal points above tidewater will be 
given here, derived from the railroad elevations at the stations named: 
Hicksville, 762 feet; Mark Center, 731 feet; Bryan, 767 feet; Stryker, 
175 feet; West Unity, 775 feet (approximately). The inclination of the 
general surface is southeastward, but the principal streams of Williams 
County :flow southwestward. The part of Defiance County included in 
this belt delivers its surface drainage to the Maumee River. 

The most marked features of the district are moraines of the Glacial 
period and old beaches of Lake Erie. Several of these moraines and 
beaches cross the counties named, exercising a great influence upon 
the surface drainage. 

The geology of the district is as monotonous as any area made up of 
the glacial drift can be. The thickness of the drift beds generally 
ranges between 75 and 150 feet, and no outcrop of .the underlying rocks 
occurs. The first sheet of rock that is st.ruck after the drift beds have 
been penetrated is the great shale formation known in our geology as 
the Ohio shale. We nowhere find in this part of the State the i:wrmal 
cover of the shale, and ·can not therefore determine its full thicknes8, 
but in adjacent counties of Michigan and Indiana entire sections occur, 
and we learn from them that the normal ·volume of the shale series in 
this part of the country is less than 300 feet, perhaps not much above 
200 feet. At Delta a section of 133 feet was found by the drill; at 
Wauseon, 194 feet, and at Bryan, 157 feet. 

In the field now under consideration wf'. seldom meet more than 100 
feet of the shale, and it is often reduced to 25 or 30 feet. From these 
facts we learn that the larger portion of the shale, besides its normal 
cover, was eroded during pre-Glacial time. Such a fact need occasion 
no surprise, for the shale is a soft rock and obviously an easy prey to 
erosive agencies.· :Moreover, the time during which it stood exposed 
to atmospheric waste was certainly long, aggregating many millions of 
years. 

The drift is composed largely of bowlder clay, yellow at the surface 
and blue below; but all of the country that is here considered was 
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subsequently overrun for protracted periods by the waters of Lake 
Erie, when they stood 200 feet higher ~ban at present, and a blan
ket of ·lacustrine deposits, viz, the first and second beaches, consti
tutes the present surface. In these last-named formations we find 
stratified clays, sands, and gravels, with a sparing distribution of bowl
ders. This blanket does not reach a great thickness in any part of the 
field. It is very irregular, but its deposits seldom exceed 20 feet in 
thickness. The prevailing and characteristic feature of the blanket is 
lake-sand, the beds of which give rise to multitudes of shallow-water 
wells, upon which much of the country when first occupied entirely 
depended. 

The bowlder clay carries within it many lenticular beds of sand and 
gravel, which sometimes reach the surface. Some beds receive and 
store rainfall and discharge water in the shape of springs. A very fine
grained clay, free from pebbles and grit, is occasionally met with. It 
is as tenacious as wax and makes trouble for the driller when encoun
tered in wells. It is called the "beeswax clay." 

Another and constant element is what is called by the driller "hard
pan." It consists of gravel, fine· and coarse, with the spaces between 
the pebbles packed close with clay. The hardpan does not admit the 
passage of water and is consequently always dry. It occurs in beds 
of 10 to 40 feet. 

The lowest formation of the drift series is a streak of gravel, the 
constituent fragments of which vary greatly in size. Some of the 
pebbles are 3 or 4 inches in diameter; others are of the size of grains 
of wheat or even smaller. This is the water-bearing stratum of the 
country, on which most of the fountains absolutely depend for their 
supply. 

Next to the rock, a streak of cemented ( ~) gravel is sometimes met. 
It never exceeds a few inches in thickness. This horizon when found, 
is also water-bearing. In considerable districts all wells obtain their 
supply from the upper surface of the shale, and many fountains have the 
same source. This water is often slightly saline and more frequently 
sulphureted. 

The several fields will now be briefly described. 

BRYAN. 

This is the best known field of flowing water in Ohio, and no district 
has thus far found a better or more durable water supply. In its early 
days the village bad much difficulty in obtaining water for domestic 
use. Shallow wells were the entire dependence of the first settlers, 
but the water thus obtained necessarily became contaminated by sur
face impurities and the health of the people suffered much in conse
quence. In any case, these wells were unable to furnish water enough 
for protection against fire, and by the year 1840 it had come to be 
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recognized by all that an improved water supply was essential to the 
prosperity and protection of the town. 

'fhe history of the first flowing well, though it goes back only fifty to 
sixty years, is not free from contradictions and discrepancies, but a cir· 
cumstantial account from one source relates that Dr. William Trevitt, 
of Columbus, who owned a large number of village lots and was conse
quently interested in the growth and prosperity of the town, recognizing 
the necessity of a new water supply, offered a man named Wyatt one 
of his lots if he would find somewhere near the public square better 
water. Mr. Wy~tt began the search and located a well. near the old 
hotel at the southeast corner of the court-house square. After laboring 
many days, he left the excavation one night with a depth of 43 feet. 
Returning in the morning be found the well full to the top and running 
over. The water was evidently from a deep source. The problem was 
solved and the prosperity of the village was assured. 

Other wells followed in short order. Most of them were 50 to 60 feet 
deep, and they developed a head of pressure varying from 1 to 6 feet. 
In some wells, however, the water rose, when properly confined, to the 
second stories of dwellings. But the village was growing to the east
ward, and in this direction the surface declined, becoming a few feet 
lower than the public square. Flowing wells were found at shallower 
depths in this direction, and as their number increased it was found 
that the bead of pressure in the old~r wells began to decrease. In 
short, it soon became evident that if the town was to retain flowing 
water it would be necessary to find some new horizon. Wells retaining 
their artesian character were in this new search gradually increased in 
depth to 80, 100, and 125 feet. In other words, new veins bad been 
reached. It is claimed that the quality of water from these veins is 
distinct, differing in amounts ~nd kinds of mineral elements; but in 
default of analyses we must conclude that such differences can not be 
important. 

About 1893, the village undertook a public water supply. A lot was 
purchased and five 8-inch wells were drilled: But the water-bearing 
stratum when struck proved to be thin and the production correspond
ingly small. A new location was accordingly secured and eight 3-inch 
wells were drilled which found an unusually good vein of water-bearing 
gravel at 100 to 125 feet. Every well completely filled a 3-inch discharge 
pipe. The flow of the strongest was measured and was found to yield 
80 gallons a minute, or inore th.an 100,000 gallons a day. The entire 
series produces 240 ga.llons a minute; but this production has affected 
the other wells within and around the corporation, destroying, as a rule, 
their artesian character. 

In Pulaski township, outside of the corporation of Bryan, not less 
than 200 fountain wells have been drilled from first to last. Though 
called by this name, not all are really living fountains at the present 
time. but all have been such at an earlier date • .and the water still 
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rises nearly to the surface. On farms at a distance of :::;everal miles 
from the village the old conditions are best preserved. 

The total thickness of the drift has been determined in drilling wells 
for gas and oil in and near the town during the last ten years. Four 
examples show the length of drive pipe t.o be respectively 146, 154, 176, 
and 157 feet. These thicknesses cover a range of a mile or more. 

Water is found in the limestone series underlying the shale in con
siderable quantity, and the limestone water is also artesian, rising 18 
to 20 feet above the surface of the ground. That obtained in the 
upper beds of the limestone is generally potable, but sulphur water is 
soon reached as the drill descends. · These facts are in keeping with 
the geological character of the Uorniferous and Onondaga limestones, 
as previously described. From one of these deep wells an extraordi
nary volume of water was produced, keeping a 6-inch pipe completely 
filled with its flow. Snlphureted water is occasionally found in drift 
springs in the neighborhood. Such cases would seem to be in some 
way connected with the shale system that underlies the country or 
possibly with large masses of shale in the drift. 

The Bryan district has enjoyed and still enjoys in its fountain wells 
a great advantage over much of the surrounding country. They add 
to the value of farming lands, and especially to their salable quality. 
It would. be hard to overrate the convenience and serviceability of such 
a water supply. 

STRYKER. 

This village is located in Springfield township, 7 miles east of Bryan; 
but while there are many flowing wells iu the township, the conditions 
of their flow differ to some extent from those reported in the township 
previously described. 

Well-diggers of large experience and thoroughly acquainted with 
the region estimate the number of flowing wells in this township as 
but little, if any, less than 100. From the same sources the general 
section of the drift of this region has been obtained. It is as follows: 

Ge11eral section of d1·ijt near St1·yker, Oh·io. 
Feet. 

Soil and subsoil . ___ •.. __ • _ .......... _ ........... _. __ .. __ . _. 2 to 5 
Yellow clay-----· .............................. ··---------· 10 t.o 15 
Blue clay .. ___ .....• - ... _ ......... - -- .... - ............. - .. - . 40 to 60 
Hardpan ........................... _- ..... - .... ---. - ...... . 15 to 40 
Water-bearing graveL ............. _ .... __ ................ .. 0 to 30 
Ohio shale struck at ............ ____ .............. _ ..... __ .. 140 to 150 

When a bed of clay is found below the hardpan it is generally of the 
'"beeswax" variety, already described, i. e., fine grained and free from 
pebbles. Water is sometimes found on top of the hardpan as well as 
below. In such cases there are a few inches at least of sand or gravel 
covering the hardpan; but in most instances in this township the 



ORTON.) FLOWING WELLS OF NORTHWESTERN OHIO. 703 

uppermost beds of slate constitute the real water-bearer. It is in this 
fact that the difference, referred to above, between the wells of Spring
field and Pulaski townships lies. The driller does not, as a rule, go 
more than 10 feet into the shale. Experience has shown that if good 
water is not found within this limit it is not likely to be found at aU. 
The water derived from the shale is gen·erally counted less bard than 
the water from the drift gravels, but no analyses are at baud to estab
lish or disprove the claim. On its face it seems improbable, as all the 
water borne by the shale must have come through the drift. The 
shale water, when obtained from the formation below its uppermost 
beds, is generally charged with sulphureted hydrogen. It is also 
saline in many instances. · 

'rbe wells unquestionably grow weaker as their number is multiplied. 
One well often cuts off several that have preceded it in the same neigh
borhood. For example, the mill well in the village is 155 feet in depth. 
When worked bard the other wells of the village cease to flow. But· 
the mill well is not drawn upon during the night and by morning an 
the wells recover their head and resume th~ir flow. 

In a few iustances the drill hag been carried deep enough to deter
mine the thickneRs of the Ohio Hhale. Though there is considerable 
variation in this stratum, the eases in this township are few in which it 
exceeds 100 feet. 

In a well that was being su.nk in the village in the fall of 1896 an 
opportunity was afforded to examine the hardpan which had just been 
reached. It consisted of :fine gravel of the size of wheat grains, dis
tributed through a compact bed of clay. Bowlders are sometimes 
struck in the hardpan and also in the blue clay. In one well east of 
town the size of a deep bowlder was so great that after the derrick 
had been moved 5 feet the same obstruction was again encountered. 
The derrick was once more moved, and in this case 3 feet from the first 
station and in an opposite direction from the second trial, and the drill
ing then went forward without obstruction. 

The original head of pressure was never great, but by the multitude 
of fountains it has been so reduced that the owners of wells are obliged 
to b~ satisfied with any flow of water whatever. But in any case the 
water is always near at hand. Pumps have but little lifting to do. 

In 1865-1867 a well was drilled in town tQ a depth of 860 feet in the 
search for oil. At 230 feet a considerable volume of mineral water, of 
very .much the same character as the mineral water of southern Michi
gan, was struck, and it reached the surface in geyser fashion. Several 
veins· of gas had been found at different horizons as the drill descended, 
and the gas rising with the water caused it to flow intermittently after 
the manner of a geyser, as above indicated. A sanitarium was erected 
in the course of a few years to give the people an opportunity to avail 
themselves of the peculiar water yielded by the well. In 1870 an 
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analysis of the water ,vas made by Dr. S. H. Douglass, of the U niver
sity of l\iichigan, and the following results were obtained: 

Analysis of 'water frorn well at Stryker, Ohio. 

r= Constituent. I Grain.<> per : I gallon .. 

' ---'-----

Chloride of magnesium ............... ___ ... ___ . 118. 96 
Chloride of sodi urn ... __ . _______________ . _ __ __ __ 281. 86 

Sulphate of potassi urn .. ____ .. __ __ __ __ __ __ __ __ __ 185. 34 

Carbonate of calcium. __________ . __ ... ____ .. __ __ 68. 30 

Carbonate of iron __ -- ------ .. __ .. __________ . __ .! 9. 93 

Sulphurated hydrogen- ------.---- ---- ---- ------! =· =: I 
Silica _______________ . ______ .. ____ .. __________ --I ~ 

In a note appended, it is mentioned that the amount of sulphureted 
hydrogen originally present in the water was greater than the figures 
above given would indicate. 

In the well the thickness of the drift was found to be 129 feet, and 
from this figure we can determine the altitude of the upper surface of 
the shale here. It is 586 feet above tide, and but 13 feet above the 
present level of Lake Erie. 

WEST UNITY. 

A fine field of flowing water is found along the valley of Tiffin River, 
in Brady township. Better examples of tllis type of wells can not be 
asked for than are to be found on the farms of Mr. G. L. Martin, Mr. 
William Miller, and others in the same neighborhood, 2 to 3 miles south 
and east of the village above named. The depth of the wells in this 
district is shallower than in other parts of the county. On the Martin 
farm, where there are four flowing wells, a strong and persistent flow 
is derived from 28 feet. Two of them, at depths of 43 and 54 feet, 
respectively, yield well-marked sulphureted water. '..rhe deepest flow
ing well of the township reached the shale at 110 feet, but the drill 
went throug·h the shale to the limestone and artesian water rose from 
this last-named source. The shale was 100 feet thick. Its upper sur
face was, therefore, about 625 feet above tide. Whether this observa
tion is a representative one there has been no opportunity to determine. 
The thickness of the drift is about the same that is generally reported 
for the region, i.e., 100 feet. 

Farther northeast are the townships of Franklin, Dover, Gorham, 
and Che~tertield, Fulton County. This area includes a large number 
of flowing wells of excelJent character. In Gorham township the pres
sure head is sometimes 20 feet. While every trial is not successful, 
success attends RO many undertakings that every farmer counts upon 
a fountain when he drills a well of even moderate depth. These same 
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conditions extend beyond the State line into Michigan. Almost every 
farm in the vicinity of ~iorenci, Lenawee County, has a good flowing 

l 

well. 
HICKSVILLE. 

Returning now to the so-called belt of flowing water, we find at 
its southwestern extremity one prominent division that remains to 
be described, viz, the Hicksville field. There are more than fifty flow
ing wells in operation in this village and township, and the work of 
testing the territory is constantly going forward, particularly when 
summer droughts are upol) the country. 

The tirst flowing well of the village was struck in 1857 in the rear of 
the Central Block, at a depth of 71 feet. The second well was drilled 
a year or two later south of the village, on the farm of Judge Patton. 
It was only 50 feet deep, but it proved entirely satisfactory. The 
deeper water horizons of the drift were not tested here until 1895. 
This te~ting was done by the village corporation in its search for a. 
public water supply. A beginning bad been made in this line five years 
before, when four wells were drilled to a depth of about 40 feet. They 
proved artesian, but their head was feeble and their supply was affected 
to a dangerous extent by the droughts that occurred. In 1895, in par
ticular, the ground water of northwestern Ohio was greatly reduced, 
and the public supply of Hicksville was overtaxed, so that the village 
authorities determined to sink deeper wells. Two new wells were 
located near the old ones, and instead of stopping at 70 feet their 
depth was doubled. The result was in every way satisfactory. The 
water ros.e in large volume and with a head of pressure of 11 feet. 

The Coulter well in the village gives a clear section of the general 
arrangement of the drift beds for this region. The well was begun in 
the old beach that passes through the town and was carried to the 
black waste which is the immediate cover of the Ohio shale. The 
record is as follows: 

Section of well ctt Hicksville, Ohio. 
:Feet. 

Sand and gravel ......... _ ... _ ................ _ .... _ ..... _ ... _ . . . . !) 

Yellow clay...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Quicksand ............ _._ ...... _ ........ _ ... _ ... _ ... _ .... _ .. _ .... _.. 1 
Blue clay, numerous sand veins, 5 to 6 inches thick, intercalated... 94 
Blue hardpan .. - .................. -....... _ ... _................... 19 
Blue clay and sand .. ; ___ ..... _ ......... ___ ......... __ .... __ ... _.. 15 

Ohio black shale at---··---------·----·---- ....................... 142 

Tl1e well flowed 56 gallons a minute, which is at tlJe rate of 80,64(} 
gallons, or 2,200 barrels a day. 

MARK 'l'OWNSHIP. 

This township, in Defiance County, is also included in the belt of 
flowing wells. A fine well was struck one year ago, 1~ miles north of 
the center at the Laws Tile Works, and a half mile west of that point 
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another successful well Las been drilled. On the Coy farm a fountain 
of unusual volume has recently been struck. .All the conditions seem 
similar to those of Hicksville township, and a cOJJSiderable number of 
flowing wells have already been drilled. 

In Farmer and Washington townships, northeast of Hicksville and 
l\1ark, fountain wells ha'i7e abounded for the last forty years, and it is 
understood that the conditions are similar here to those in the territory 
already described. · 

The northeast and southwest belt of fountain wells already described 
can be followed still farther within the limits of Ohio. Carryall, the 
northwestern township of Paulding Couuty, adjoining Hicksville, Las 
flowing wells by the score, and their occurrence stands for a measure 
of uniformity in the geological conditions of the region so favored. It· 
is in the northern portions of the township, and largely in sections 2, 3, 
4, 5, 10, 11, that the fountains haYe chiefly beeu found. Every farmer, 
in drilling for water, expects a flowing well, and but few are disap-
pointed. · · 

The wells are not so deep as in the :fields already described. All of 
them go, however, to the bedded rocks, which are reached at 30 to· 50 
feet. 

Not all wells that are drilled to the rock are successful, and it is also 
to be noted that artesian water is occasionally found before the rocky 
flool' is reached by the drill. 

SWANTON. 

In a11d around Swan Creek township, Fulton County, there is still 
auother district of fountain wells which can not by any reasonable 
.coustruction be considered as belonging to the "belt" already described. 

The first artesian well at Swanton was discovered in 1862, on the 
Hepfinger farm. Flowing water was found at a depth of 40 feet, and 
the well has furnished a strong and steady supply from that time to 
the present. Nevertheless a prolonged drought, like that of 1895, 
Tednees the flow, bnt does not destroy it. In the vicinity of the village 
there are not less than 7 of these fountain wells. .A well in this distriet 
is counted good when it yields 500 barrels per diem. 

The conditions in this region are very like those already described 
in th!3 Yieinity of Stryker. The Ohio shale, which is tlw tuH.lerlying
rock, is the water-bearer. .All wells are drilled entirely through the 
drift series. The general section is as follows: 

General sectiou nem· Swauto11, Ohio. 
Ft:>et. 

I~ake sand ...... -----------··----------· ...... ----·----·...... 18 
Blue clay ... __ .. _ .................... _ .. ____ ................. _ 30 

Sandy clay.-----·-----·---·---·---- .......... ------ .. -------- l'nt!ertain. 
Ilardpan -------------------- ---· ............ -----· ..... ------ 3 to 15 
Gra,·el ·----- .... -...... --·- ·----- ---····-·· ............... ---- 3 to 9 
·Ohio sbale struck at ...... - ... --.- - ......................... _. GO to 7,1 
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' Southeast of Swanton there are a number offlo"~ing wells, extendiug 
toward vVhitehouse and ·waterville. ·In this direction, however, a 
chauge in the bed rock occurs, limestone underlying the drift instead 
of shale. 

Looking at the facts as developed at Swanton; and yielding to the 
natural tendency to put isolate( I facts into a connected and thus a more 
intelligible series, it would be justifiable .to conclude that Swanton 
belongs in a belt of flowing water which extends in a northwesterly a11d 
southeasterly direction. Certainly flowing wells are to be found in both 
directions; but a broader, or at least an earlier, generalization bas 
already assigned the flowing weH district of north western Fulton 
County to a northeast and not to a southeast belt. 

\Y.A.USEON. 

This village is not at present. supplied by flowing wells, hut, never- · 
:thele~:;s,-its waters deserve to be called arte~ian. At a few points where 
the proper tests were first made the water originally flowed, but the 
multiplication of these deep wells has cut off the small head that was 
at first found. The water still rises to within 15 or 20 feet of tile sur
face through considerable areas, and. its artesian character can be 
assumed on this ground. 

The drift of the immediate region is 140 to 160 feet thick. The 
uppermost 10 to 15 feet consil:;ts of yellow clay, oxydized. l3elow comes 
blue clay, often so charged with slate fragments and waste as to be 
almost black. Thin seams of sand are irregularly distdbuted through 
the mass. Large bowlders, though rare, are not unknown. · The bound
·ary between the yellow and the blue clays is not sharp .or well defined. 
The change in color simply marks tile line to which ·surface water has 
beeu.able to descend. The blue clay reaches a general thickness of 1:.30 
to 150 feet. 

Below it about 5 feet of hardpan is found. This is here described as 
cemented gravel. Under it a few inches of saud are generally fouud, 
and tllen the Ohio shale is reached. This last formation is usually cov
ered for a few inches with its own fragments. 

The shale is tlle main water-bearer of this central district of the 
couuty; but since the body of the formation is impervious, its storage 
quality can consist only in the widened joints and the generally frac
tured surface resulting from its prolonged exposure in pre. Glacial time. 
Water descends through the drift by channels, the existence of which 
we are obliged to infer, but tlle location of which we can never expect 
to determine, carrying with it the soluble minerals of the beds through 
which it bas been filtered, alld diffuses itself through tile fracturNl :-;nr
face above d0scribed. Its principal storage basins 1uust be, as already 
remarked, the widened joints of tile shale, and this wili account for the 
frequent failures to obtain water. Of .the deep wells in and around the 
village it is estimated that one-third have proved dry iloles. Some
times if the uerrick is moyed but a few feet the new well is successful. 
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Tllree trials were made, however, on one village lot at Wauseon, and 
all were failures. On the next lot a good well was obtained at the :first 
trial. A well in this region is cou11ted good when it can be depended 
on for at least 10,000 gallons, or 330 barrels, per diem. 

The hardpan of this region is described as cemented gravel, and the 
drillers report it to be as hard to penetrate as ordinary sandstone. 
Wells are drilled into the shale generally a few inches, and seldom 
more than a few feet. 

All the shale water of this district contains a noticeable trace of com
mon salt, but the percentage is so small that it soon passes unnoticed 
by those who make constant use of the water. It. rarely occurs in 
amount large enough to make the water distinctly objectionable. Its 
normal presence in the shale water needs to be noted by chemists who 
are called upon to make analyses of the water of this class of wells. 

A deep well drilled here for gas or oil at the time of the Findlay 
excitement found the shale series in the village to be 194 feet in thick
ness, and 1 mile northward a white shale, 18 to 20 feet thick, w2Js found 
overlying the black shale. The "white shale" is probably the Bedford 
shale, which is the normal cover of the Ohio shale. It is thus probable 
that nearly the entire Ohio shale section is found at Wauseon. 

Inflammable gas is frequently struck in drilling through the drift 
and almost always when the shale horizen is reached, but it is seldom 
found in large enough volume to be of economic value. In a few cases 
it bas been utilized in a small way. Occasional "blowers" are met 
which are noisy and troublesome for a few hours or days. 

The gentle roll or ridge 1~ miies west of the court·house, which is 
known as Wauseon Summit where it cros~es the Lake Shore Railroad, 
bas an altitude of 15 or 20 feet above the general surface of the sur
rounding country, and increases the depth of water wells by this 
amount. The ridge is a part of the second beach formed when the 
level of Lake Erie was 200 feet higher that it now is. 

An old trough or valley in the· shale bas been brought to our knowl
edge by the drilling of water wells south and east of the. village. It 
lies about 1~ miles south of the court-bouse. It can not be more than 
a quarter of a mile in width and may not be more than an eighth. 
There is no sign whatever of its existence upon the surface of the dis
trict which it traverses. It was discovered by the fact that wells 
reaching to the surface of the shale are about 140 feet deep for 1~ 
miles south of the town; but suddenly the depth to the same boun
dary increases to 225 feet:, while a littl~ farther on. the old figure 
is restored. The general depth of wrlls for many square miles is about 
140 feet. A valley 225 feet deep is lower than the surface of Lake Erie 
by 30 or 40 feet. It would carry drainage away from Lake Erie, not 
toward it. By continuous drilling the course or direction of the valley 
bas been roughly determined for a distance of about 9 miles. It bears 
directly west for 5 miles, passing a little south of Pettisville. From 
the point of beginning it can be traced northeastward, and various 
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departures from a. straight course are shown by the deep wells that 
indicate the old valley. T.he depth is said to increase slowly westward, 
but no figures were obtained, and the direction and further course have 
not been determined. Facts to be accumulated in the future develop
ment of the country will clear up these points and show the direction 
and the office of this ancient valley. It is filled with sand and gravel 
and is thus a great receptacle for water. The water supply of Wauseon 
has always been recognized as a difficult problem. It is possible that 
it will not be solved until the great channel to the southward is drawn 
upon. 

SUMMARY OF GEOLOGICAL CONDITIONS IN NOR1.'HWESTERN OHIO. 

The fountain districts of northwestern Ohio, some of the prominent 
facts and features of which have now been put on record, have several 
geological conditions that are common to its whole extent: 

1. The entire region is underlain by the Ohio shale, i. e., the Ohio 
shale is the first rock stratum to be reached below tbe drift. The shale 
series constituting this floor is a remnant of a much larger series of 
shales belonging to the same general class of rocks. Above the Ohio 
shale in its entirety there are geologically due, in the order named, the 
Bedford shale, the Berea grit, the Berea shale, and the Cuyahoga 
shale, in all 400 to 500 feet of soft rock. The only exception would be 
found in the Berea grit, but this is often thin and impure and would 
give way to erosive agencies nearly as easily as shale. We are obliged 
to conclude that several hundred feet of what was originally depos
ited as shale rock have been removed, from most of the area, mainly by 
atmospheric agencies. We find at Delta 133 feet of the shale series, 
and at Wauseon 194 feet. As previously remarked, it is ·probable 
that in tho latter case we have an approximately complete section of 
the Ohio shale for northwestern Ohio. But though the sections of the 
shale throughout the district are unequal, the surface of the country is 
approximately level. Its altitude ranges between 700 and 750 feet 
above tide. This uniform elevation was brought about largely by the 
glacial deposits which have filled up the hollows and furrows due to 
former denudation, and which have gone far toward restoring the sur
face to its original monotony. But another agency is to be taken into 
account in this connection. 

2. The shale series itself had been reduced to nearly one level before 
the drift storm overspread it. The old agencies of erosion had practi
ca11y completed their wm·k upon it in pre-Glacial time, as the following 
elevations of the shale floor show: 

Elevations of the shale jloo1· in northwestern Ohio. 

Feet. 1 Feet. 
Delta. . . . • • . . . . . . . . . . . . . . . . . . . . . . . . 704 Stryker . . . . . . . . . . . . . . . . . . . . . . . . • . . 588 
Wauseon ........ ---- .............. 612 Bryan ............................. 611 
Pettisville ............ _ ....... __ .. 610 ·west Unity .... _. .. . . .. . .. . .. . .. .. 625 
Archibald................ .. .. .. .. . 584 1 Hicksville...... .. . . .. . .. . .. .. . . . .. 634 
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The average elevation of the shale floor according to these figures is 
62l feet, or, omitting the first example, which is somewhat out of corre
spondence with the rest, the average is 609 feet. This seems to show 
that the region was practically base-leveled before the drift. 

The only fact that seems to militate against this conclusion is one 
already cited, that· a val1ey 85 feet deep and not more than n. quarter of 
a mile and perhaps not more than an eighth of a mile in width is found 
traversing the shale in the central p·art of the county. When erosion 
·has done its perfect work, as in a base-leveled country, it is not likely 
to leave Yalleys of such a character as tlte one here described. 'Ve 
should expect them to be wider and shallower. 

3. Two important facts in connection with the storage of the large 
q ua11tity of water of the countie8 now under consideration are found (a) 
in the eftect of erosion which the soft rocks of the original surface ltave 
undergone, and (b) in the great amount of gravelly drift which has been 
dumped into the basin formed by the wearing away of the shale. 

(a) The rock floor lies at a distinctly lowee level than that of the dis
trict immediately south of it. From the '\Vabash Val1ey southward 
limestone eonstitutes the floor of tbe country, and this everywhere 
stauds at a noticeably higher level than the shale region which it 
bounds. 

(b) The drift deposits which. have been laid down upon the region 
under consideration certainly exceed 100 feet in average thickness. 
They constitute a varied series and stand for several distinct stages in 
the complex and puzzling history of the great ice age. The division 
termed "hardpan," for example, throughout the district, is everywhere 
sltarply distinguished from the bowlder clay, aud these two elements 
must have a different history. 

FLOWING WELLS IN MERCER COUNTY. 

The artesian wells of Paulding and Van Wert counties, r~side from 
the northwestern corner of Paulding County (Carryall township), 
already described, are excluded from present consideration because of 
the shallow depths at which they are founrl and because of the lack 
of larg-e connected areas in.which they occur. There are large districts 
in thesp, counties in which the drift does not exceed 15 to 20 feet in 
thicknes~, and in comparatively small portions does it exeeed 40 feet. 
Flowing wells are scattered throughout these entire areas, one here 
and another there, but. they do not reveal any general structure. 

A somewhat difl'erent state of things appears in :Mercer Cou~tty. 
The drift is deeper, and entire townships can be described as flowing
well territory, though not every well that is drilled within their limits 
proves to be artesian. The northern townships, viz, Black Creek, 
Dublin, Union, Hopewell, Center, and Jefferson, show this character 
more prominently and connectedly tha~ the southern portions of the 
county, w1th the exception of Franklin and Butler. 
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In Black Creek township the general depth of the wells, up to 1895, 
when the severe drought of the summer of that year reduced the ground 
water so seriously that it became necessary to obtain a new source, was 
45 to 50 feet. At this time ·many of the wells were deepened, being 
drilled to a depth of 90 to 110 feet, and with the most satisfactory 
results. The head of pressure is 4 to 5 feet. Flowing wells are known 
in sections 10, 11, 15, 22, 23, 24, 25, and 34. In single sections many 
flowing wells have been obtained. · 

In Dublin and Union townships the depth of the wells ranges between 
20 ·and 85 feet, but the thickness of the drift is often as much as 40 feet. 
A typical section of the drift may be given in the following terms: Soil, 
2 feet; yellow clay, 7 feet; gravel, 7 feet (uncertain); hardpan, 20 feet; 
rock. 

In Jefferson township the drift is 50 to 75 feet. The bead of pressure 
sometimes exceeds 10 feet. 

In Franklin township the general depth of the flowing wells is 40 to 
50 feet, but the rock lies deeper and the more permanent water supply 
is found by sinking wells to the surface of the solid floor. This is one 
of the townships that bas been overrun by the drillers of deep wells 
for gas arld oil, and these wells have, in numerous instances, cut ·oft' 
previously flowing fountains, in some cases at a distance of 11- miles. 
If the artesian flow of the deep wells is arrested the old wells after a 
time resume their production. 

In Butler township fountains are common in sections 11, 12, 13, 23, 
24. Some of them show a head of pressure of 10 feet. 

The general succession of beds through which water is reached in 
this township is very similar to that already reported for Dublin and 
Union, viz, soil, 2 feet; dark or black clay, 6 to 10 feet; blue clay, 10 
feet; hardpan, 5 to 20 feet; gravel and water. 

In some parts of the county flowing water is so easily obtained that 
a farmer will drive a pipe 15 to 20 feet in any field in which stock i-5 to 
be kept for a time, and when the pasture is exhausted will withdraw the 
pipe and establish it in a new location.· 

DEEP PRE-GLACIAL CHANNELS IN AT..JLEN, AUGLAIZE, 
AND l\iERCER COUNTIES. 

By the deep drilling that has been done in the counties named above 
in such large amount during the last ten or twelve years some facts of 
unusual interest have been developed as to the pre-Glacial drainage 
system of this part· of the State, and within the same territory the 
strongest artesian wells of the State have been developed. · A brief 
account of these two lines of facts will be given here. 

In Allen County the deep excavations that will be noticed are first 
brought to light within the limits of the city of Lima. A channel has 
there been revealed 170 feet below the surface. In Perry township 
a deep channel, or a series of deep channels, has been revealed by 
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drilliug in tbe following-named sections, tlJe thickness of the drift ueing 
as indicated by the figures given: 

Thickness of dt·ijt in Pe,.ry township, Ohio. 

Section. I~ 
] 7 .................................•............ I 195 

20 ........................ -- ............. -- .... - ~ 
l 

21.----- ..... : ....... ---- .. - ..... - .......... ---. { 

22..- . . . .... - - - . - .. - - - - . - - - - .. - - ..... - - . - . - - "11 

I :------------- ------------------ __ , ___ --------11 
~-----·····································1 

In Shawnee township: 

T1ticktJe88 of drift in Slta1011ee tow11Bllip, Ohio. 

235 

248 

238 

255 
205 
211 

~30 

_Ej 

~----s-·ection. ---I-~ 
2 ...................... -----.- .......... -------- 178 

3 ...................................... --------

10 .... - ..... - .. ----.--.-- ... -- ... -.- ... - .... - .... { 

I ~::: :~ ::::::::::: __ }::::::: :::::::::::::::::: :j 
In Duchouquet township, ..... -\uglaize County: 

200 
194 

265 
265 

JEJ 
Thickness of drift in Duchouquet township, Ohio. 

~ S•ction I 
I 3.--- ... - .. -.- .. - ... - ... -.- .......... -..... ---.I 

L-------- ---------------------------------[1 

Feet- I 
428 

300 I 
335 I 

340 1 

___j 
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In Moulton township erosion to an equal degree has taken place, but 
the data have not been secured. 

In St. Marys township: 

Thickness of drift in St. Mm·ys township, Ohio. 

I Section. 

1--=----
2---- --- .. ----. ----- .. ---- .. --------- . --- ------

8 ..............••.....•.........•••........... -~l 

9.------.--.- ... -- -- .. --. -------.--.-----.--- .. { 

11.---'- ---. -- ... ·.- .. ---- ... ---- ---- ---. ---- ---. 

12 .. -- .. ---- .. --- .... -- ... --- .. ----. ---.--------
13 .. - ..... - ... ······ .. - ........................ . 

b:::····:::::::::::: ::::::::::: .... : .. :J 

~ 
400 
401 

402 

249 

396 

480 

400 

350 

104 

406 

406 

_ _EU 
In Ceriter township, Mercer County, section 29, the thickness of drift 

is 400 feet. 
In Dublin township, Mercer County, section 16, the thickness of drift 

is 319 feet. 
In J e:fferson township the greatest ascertained thickness of drift is 

400 feet. 
In Franklin township: 

Thickness of drift in Fmnklin township, Ohio. 

I Soction. 1~ 

~--· ........................................... { ili 
35, southwest quarter....... . . . . . . . . . . . . . . . . . . . . 398 

35, east half . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430 

32, ea.St half . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430 

2, southeast quarter . . . . . . . . . . . . . . . . . . . . . . . . . . . . 367 

31, southwest quarter........................... 326 
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In )!arion township: 

Thickness of d1·ift iu Jfm·ion township, Ol!'io. 

s:ion. ~- ------- }t>et.l 

I_-----~ 
13---. ------ . ----- ------ --- .. -- --- - ---- ---- ---- -- J 444 

l 5oo I 
ll,nortllwestqnarter___________________________ 388 · 

I 
--- -----------------~ ---~ -- --- - ---

In Granville tow-nship: 

Thickness of d1·ift in ( ;ranville t'•wnsll'ip, Ohio. 

Section. 

26, northeast quarter ____________________________ i 

26, south west quarter _________ .. ____ .. ______ . __ _ 

24, northeast quarter ____ . _____ . __ .. ____ .. _____ . _ { 

~ 
Feet. 

280 

330 

270 

280 

in this region the first stratum below the drift is eitl1er the Onon
daga limestone or the Niagara limestone or, in a few exceptional cases, 
the l\iedina or the Hudson River shales. The first-named stratum is 
struck in .Allen County and in Duchouquet a-nd Moulton townships of 
Auglaize County. In St. Marys township, ~-\.uglaize County, and in Mer
cer County the first rock reached is the Niagara, or, in the exceptional 
cases named above, the Medina or Hudson River shales. 'l'his limestone 
floor has been gashed and dissected by the work. of a great river sys
tem continued through protracted ages. Channels, main and tributary, 
have l>een cut from 100 to 400 feet below the general surface of the 
limestone. Where the Niagara limestone made the pre-Glacial rocky 
floor, erosion to such a depth would necessarily penetrate its entire 
thickness and the underlying Clinton limestone as well, and bring the 
level of the erosion down into the soft rocks of the Medina or Hudson 
River shales. This is what the driller finds. The drivepipe of these 
deep wells meets with no cap limestone whatever, but strikes the origi
nal rocks in the fine-grained shales of the series named above. 

The main channel of the old river can be plainly followed from St. 
Marys in a line extending almost directly west through the Mercer 
reservoir, but· a little to the north of the middle liue of this body of 
water. Just before it reaches the west end of the reservoir it receives 
au important tributary,-the course of which can be traced fully 11 mi1es 
northward through Jefferson, Center, and Dublin townships by strings 
of drivepipe 320 to 400 feet in lengtll. This part of the ancient stream 
came from the north, but after leaving the reservoir the main channel 
bends abruptly south and afterwards bears to the east, so that for the 
next 8 or 10 miles its direction is a-pproximately southeast. It bas not 
been located so closely in Franklin and :\Iariou townships as in those 
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previously named, but it turned west once more in l\iarion township, 
where drivepipe of 500 feet bas been recorded in a single iustance. 

As the main channel is followed through the reservoir its breadth is 
fouud to be 1 mile to 1tl miles. The northern tributary already de· 
scribed is much narrower, and though of about the same depth as the 
main vaBey its bread-th is less than one-fourth of a mile. 

It is a singular. coincidence that the modern reservoir should be 
located directly above the deepest pre-Glacial valley of the State. It is 
still more surprising that after this part of the country had been con~ 
verted into a permanent lake we should by any chance be able to learn 
the thickness of the drift under the surface of the water. This last 
dLscovery bas come about through the enterprise of the oil-well driller. 
Productive oil territory having been followed directly up to the margin 
of the reservoir, it was evident that the chances of :findiug good oil 
wells were not lost because the surface happened to have a· shallow 
covering of water over it. The consent of the State authorities to 
drilling within the reservoir was finally obtained, and wells by the 
score and the hundred have since been drilled there. In sections 7, 8, 
16, and 17 of St." Marys township and in sections 7, 8; 9, 10, 11, 12, 13, 
14, 15, 16, 17, and 18 of Jetl'erson township the long and irregular lines 
of drivepipe already referred to have been found necessary. 

It could not be otherwise than that this channel would be struck by 
the driller at various points of its declivity, sometimes on the edge, 
sometimes half way down the slope, and occasionally, perhaps, at its 
greatest depth. The longest string of drivepipe that bas been reported 
from the reservoir is 406 fe"et, in the northwest corner of section 15. 
At one "location" 400 feet from this point only 100 feet of drivepipe 
were required. In section 8 one driller found 400 feet of drivepipe 
required in each of two wells, 401 in a third, and 4tJ2 in a fourth well. 
In another instauce, by a change of one" location" a distance of 400 
feet, the necessary drivepipe was increased from 97 to 240 feet. In 
Union township, on the northern tributary, the drivepipe was length· 
ened from 40 to 100 feet in a single "location." This was on the J. H. 
Coil farm near Mendon. 

The main channel can be traced from section 11, St. Marys towuship·, 
to Celina. On section 11, St. Marys, is Jocated the Barrington well. 
presently to be described, the most remarkable tlowiug well of th~ 
State. 

On the C. Wilkins farm, in the same section, four successive wells 
showed 90, 215, 240~ and 350 feet of drivepipe. T·hese wells are all to 
the south of the main channel. Another of the Wilkins wells was 
located, as the event proved~ exactly on the brink of a precipitous wail 
several hundred feet in height. rrhe driller struck the rocky floor, as 
he thought, at 180 feet, but after advancing a few inches he found that b~ 
was in drift clay again. It is reported that as be drove still deeper he 
continued to strike pr~jecting shelves of the rocky wall as far down as 
3i0 feet, and here he finally abandoned the location. 



716 THE ROCK WATERS OF OHIO. 

The main channel, as at present recognized, passes from the west end 
of the reservoir southward toward Montezuma, thence southeasterly, 
near Chickasaw and St. Johns, reaching its deepest point west of the 
latter place in Marion township, where, as already noted, 500 feet of 
drivepipe were required. 

Fragments of old channels have been struck in Washington town
ship, Auglaize County, near New Knoxville, and in Dinsmore town
ship, Shelby County. At Anna Station drivepipe exceeding 400 feet 
in length was called for, and the drift was not penetrated after all. In 
section 15, German township, 444 feet of drivepipe were used in one 
well. This is probably in a main valley. It may possibly connect with 
the extreme thickness of drift reported from St. Paris, Champaign 
County, which exceeded 530 feet. 

The northern tributary, which has already been referred to in several 
connections, demands another word. It has been traced through the 
east line of sections of Dublin and the western sections of Center as 
far as the reservoir. 

To find the elevation above tide of the channels that have now been 
hinted at rather than described, all that is necessary is to subtract the 
length of.drivepipe from the elevation of the wellheads. Applying this 
to the drilling that has now been passed in review we find that the 
main channel in the reservoir bas a maximum depth of 462 feet above 
tide (868- 406). The 500 feet of drivepipe in Marion township shows 
an elevation of the rocky floor of 425 feet above tide (925- 500). The 
exact location and consequent exact elevation of the well in question 
have not been ascertained. 

The filling of the old channel within the limits of the reservoir is 
declared by competent observers to beo essentially different from the 
usual deep drilling of this part of the State. It com~ists of soft, fine, 
whitish clays, free from bowlders or gravel streaks, through which the 
drivepipe can be easily forced. 

ARTESIAN WELLS OF THE DEEP CHANNELS. 

Decidedly the strongest flowing wells of Ohio are found in the deep 
buried channels. Within the limits named they are to be counted by 
the score, but so far none of them has been turned to practical account. 
A few will be specifically named. In sections 15 and 16, Shawnee 
township, Allen County, in what is known as the Children's Home 
neighborhood, several wells have been struck at a depth of 200 to 250 
feet. The water rises with at least 2 feet of head between 8! and 5g 
casing and flows ofl' in a ]arge stream. The present outflow from one 
of these wells is estimated at not less than 2,400 barrels per diem. 

Throughout Moulton township similar phenomena are of frequent 
occurrence. The channels marked by deep drivepipe pass through 
this township. But flowing wells reach their highest mark in St. Marys 
township. A number of old channels meet and unite within this and 
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the aujoiniug townships. Large quantities of river gravel, some very 
coarse, :fill these old beds, and the water contained in tlie gravel basins 
is in reality the equivalent of a lake. It is under enormous pressure. 
The highest head that has been noted is given at 40 feet, but this fig
ure is probably an estimate and not the result of careful measurement. 
At any rate, the pressure is beyond all precedent among the artesian 
wells of the State. 

A well drilled on the farm of Mrs. Caroline Barrington, section 11, 
St. Marys township, gives perhaps the most surprising record. When 
the drill reached the gravel of the old channel a mighty flood of water 
poured into the casing and rose to a height of 20 feet in an unbroken 
column. It would probably have gained a height of at least 30 feet in 
an inclosed pipe. With the water a shower of gravel was thrown out, 
falling· back into the derrick. Several wagon loads of gravel were 
accumulated here in this way. Though all the gra.vel was obliged to 
come through the 6-inch casing, a single stone _was found that weighed 
6~ pounds. · 

This flow was struck at 350 feet. The casing was finally driven to a 
depth of 364 feet. At a depth of 360 feet a log of considerable size 
was found imbedded in the drift. Wood has been reported in anum
ber of these deep wells. In a well drilled on the Hickman farm, in 
Butler township, a log of light-colored timber, apparently as much as 
3 feet in diameter, was found at a rlepth of 60 feet. Again, iu section 
19, Marion, a good-sized log, dark in color, was struck at 270 feet. In 
this last well, which was drilled on the Grieshof farm, the depth of the 
drift was 444 feet. Great floods of water have been struck at the same 
horizon throughout the reservoir. 
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PRELIMINARY REPORT ON THE GEOLOGY AND 
WATER RESOURCES OF NEBRASKA WEST OF THE 
ONE .HUNDRED AND THIRD MERIDIAN. 

, By NELSON HORATIO DAR'J'ON. 

INTRODUCTION. 

This report is based on field work of the season of 1897. It is 
designed mainly to furnish information in relation. to the geologic 
structure and the prospects for underground waters. A general 
account will also be given of the overground waters and their present 
and prospective use for irrigation, etc. The region is the portion of 
Nebraska lying west of the one hundred and third meridian, comprising 
Sioux, Scotts Bluff, Banner~ and Kimball counties, the western portions 
of Cheyenne and Boxbutte counties, and the central and western por
tion of Dawes County; in all, an area of 7,400 square miles, adjoined 
on the west by Wyoming, on the north by South Dakota, and on the 
south by Colorado. It lies on the Great Plains south of the Black 
Hills of South Dakota. The Scptts Bluff, Banner, and Cheyenne 
counties areas were examined in detail, but time did not permit more 
than a general reconnaissance of the adjoining regions. I was assisted 
by Mr. C. A. Fisher and Mr. F. H. Ainsworth. Mr. Fisher obtained 
the data for the greater part of Kimball and Boxbutte counties. For 
several months I was accompanied by Prof. E. H. Barbour, the acting 
State geologist of Nebraska, who did much to further the progress of 
the work. 

Numerous data in regard to irrigation in the Niobrara River, White 
River, and Hat Creek basins were kindly furnished by Mr. J. M. 
Wilson, the State engineer. 

TOPOGRAPHY. 

Genera,l jeatures.-The region is a typical portion of the Great Plains, 
which extend far eastward from the foot of the Hocky Mountains. To 
the south this portion of the plains is traversed by the deep, broad valley 
of North Platte River and the smaller valleys of Niobrara River and 
Lodgepole Creek; to the north, at the valleys of White River and Hat 
Creek, it gives place to lowlands extending to Cheyenne River at the . 727 
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southern foot of the Black Hills. The northern edge of the plains pre
sented towa.rd these lowlands is marked by a great escarpment, or line 
of steep slopes, which is known as Pine Ridge. I~ begins in Wyoming 
and is the most conspicuous topographic feature in northwestern 
Nebraska. 

Pl. LXXIV has for its base a topogr~phic map of the region, with 
· contour lines 100 feet apart. These contour lines indicate heights above 
tbc sea, and they are numbered accordingly. The liues for every even 
500 feet are made heavier than the others. Contour lines are lines of 
equal elevation, consequently they me drawn along the slopes of val
leys like level irrigation ditches, in this case 100 feet apart vertically, 
extendiug np the side valleys and running out around the points of 
projections. They encircle detached hills, and an isolated hill rising 
500 feet above the plain would be indicated by five of the 100-foot con
tour lines. Fr_om the foregoing statement, it will be seen that contour 
lines are crowded near together on steep slopes, but are widely separ
ated on the plains and in the river bottoms. Thus, they indicate the 
shape of the land as well as its elevation. 

For Banner, Scotts Bluff, and portions of Cheyenne anQ. Sioux coun
ties, the contour map is based on the detailed maps, with 20-foot contour 
lines, of the Scotts Bluff,1 Camp Clarke,1 and V\Thistle Creek quadrangles 
of the United States Geological Survey. In other portions of the region 
it bas been necessary to employ barometer readings and local observa
tions extending from points of known heigbts on the several railroad 
lines. These approximate data are distinguished on the map by broken 
contour lines. Pl. LXXV is a view of a relief map of Nebraska, which 
also shows the configuration of this area. 

High table.-The original surface of the region to which this report 
relates was a relatively smooth plain, which sloped gently to the east. 
This plain was uplifted in early Pleistocene time, and the rivers 
extendir1 g across it excavated valleys of greater or less width and 
depth, soon giving rise to the broader features of the present config
uration. The remains of the plain lie between the valleys, where they 
constitute wide areas of high table-lands, smooth or very gently rolling 
in contour, and sloping to the east. The widest areas of this table 
lie on each side of the valley of Lodgepole Creek, and extend north 
from the valley of North Platte River to the great escarpment of Pine 
Ridge, where there is an abrupt descent of over 1,000 feet to a region 
of low rolling plains, which extend to Cheyenne River at the southern 
foot of the Black Bills. Some features of this great escarpment are 
sllown in Pis. LXXV, LXXXI, XC, and XCIV. The broad area of 
table terminating in Pine Ridge is traversed by the wide, shallow 
valley of the Niobrara, south of which it is surmounted by irregular 
zones of sand bills. The edge of the table descending to the valley of 
North Platte River presents steep slopes deeply notched by canyons. 

I The topographic atlas sheets of these two quadrangles haYe recently been issued by the Survey 
and may be obtained by remitting 10 cents (5 cenis for each) to the Director, United States Geological 
Sun·ey, Washington, D. C. 
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Next south, there is an outlying area of the high plain, preserved as a 
long, high, narrow ridge lying between the v-alleys of Pumpkinseed 
Creek and North Platte River. ·This ridge is so narrow and so deeply . 
invaded by canyons that it has lost the flat-topped character, except 
iu a few sma.ll areas of its widest portions. Its summits, however, 
in many cases rise to the plateau level. The ridge owes its i~olation 
to a former branch channel of Platte River which at one time· flowed 
through the Pumpkinseed Valley. Eight miles south, across the valley 
of Pumpkinseed Creek, a branch of North Platte River" rises the steep 
face of the wide area of high table-land extending to the valley of 
Lodgepole Creek, and continued far.into Colorado beyond that valley. 
The altitudes on the table-land average about 4,300 feet along the one 
hundred and third meridian, and increase to nearly 5,000 feet in the 
vicinity of the 'Vyoming line. In the southwestern portion of Banner 
County, and again in the extreme southwestern portion of the State, 
thP- altitudes somewhat exceed 5,300 feet. Here is found the highest 
land in the State. Scotts Bluff has the reputation of being the high
est point, but its altitude is only 4,662 feet. Wild Cat l\lountain, 
which has shared the claim as the highest point, is 5,038 feet, or fully 
300 feet lower than the highest points on the high table along the 
Wyoming line. 

North Platte ·Valley.-The region is traversed near its center by the 
broad valley of North Platte River, a stream which enters the State 
from Wyoming and carries the drainage of a wide area in the Hocky 
Mountains. This valley has been excavated from the plain which, as 
before stated, originally extended uu broken enti'rely across the western 
Nebraska region. The depth of the valley averages in the greater part 
about 700 feet, and its width varies from 10 to 15 miles. The slopes 
along its sides present many irregularities. There is first a broad flat 
along t.he river, which rises ouly a few feet above the water. This flat 
merges into irregular terraces, rising for about 200 feet, with slopes of 
varying degrees of steepness. Then come steep-sided projections of 
high lands extending from the edge of the high table above and sepa
rated by canyons which are cut into the margin of the table for som.e 
distance. These canyons have been excavated by small streams which 
flow into Platte River in times of heavier rainfall. The higher slopes 
of the valley are marked by cliffs and buttes of varied form and height, 
which often are very imposing in appearance. On the south side of 
the valley there rises an irregular ridge of striking prominence, cut off 
from the main high table to the south by the wide valley of Pumpkin
seed Creek. The greater part of this ridge varies in width from 3 to 6 
miles, with long projecting spurs and occasional outlying buttes. Its 
crest is relatively uniform in height, about 800 feet above the bottom 
of the Platte Valley. In the vicinity of the Wyoming line its alti
tude diminishes greatly, but it is practically isolated from the high 
tables southward. The main axis of the ridge is about 7 miles south 
of the river, but several spurs extend nearly to the river. One of 
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these terminates in Chimney Rock, shown in Pl. XCVII; another at 
Castle Rock, shown in Pl. CV; and a third at Scotts Bluff, shewn in 

. Pl. LXXVI. To the eastward this ridge terminates in two outlying t 

buttes, known as Courthouse and Jail rocks, shown in Pis. LXX VII 
and LXXVIII. It also sends a branch ridge out into the Pumpkinseed 
Valley, on which there are some particularly high knobs, one of which 
is known as Wild Cat Mountain and the other as Hogback Mountain, in 
which an altitude of somewhat over 5,000 feet is attained. The west
ern part of the.ridge has an altitude of 4,860 feet. Scotts Bluff' has an 
altitude of 4,662 feet and Courthouse Rock 4,100 feet. The ridge is 
deeply inv_aded by numerous canyons, which have cut away nearly all 
its original tabular surface. Toward its eastern extremity its lower 
slopes bear extensive accumulations of sand hills, notably in the region 
south of Camp Clarke. 

The Pumpkinseed Valley south of this ridge is elevated somewhat 
above the valley of North Platte River, into which it opens at Lapeer. 
It varies in width from 7 to 12 miles. It is characterized by gentle 
slopes, which extend north to the steep slopes and buttes of the ridge 
above described and to the south to the cliffs and canyons at the edge 
of the high table. Lawrence Fork, the principal branch of Pumpkin
seell Creek, occupies a valley which beads to the south and west on the 
surface of the table-lands. 

Lodgepole Valley.-Lodgepole Creek has cut a narrow, steep-sided 
trough in the plains to a depth averaging 300 feet. The valley con
tains a flat which has a declivity of about 17 feet to the mile, having an 
altitude of about 4,100 feet on the one hundred and third meridian and 
nearly 5,000 feet at the vVyoming line. Its average width varies from 
11 to 3 miles. The principal branch is Sidney Draw, the two forks of 
which rise on the table-land in the vicinity of the Colorado line. 

Niobrara TTalley.-The Niobrara River flow~ in a wide, relatively 
shallow valley, high up on the table-lands lying between the valley 
of North Platte River and the crest of Pine Ridge. It enters Nebraska 
from Wyoming, flows southeast for 20 miles, and then nearly due east. 
At the Wyoming line its altitude is about 4,700 feet, and at the one 
hundred and third meridian about 3,900 feet, which indicates a gradient 
of 13 feet to the mile. The valley bottom is seldom over half a mile in 
width, with gentle slopes interrupted by occasional low cliffs. The 
bottom of the valley is only from 400 to 500 feet below the crest of 
Pine Ridge, and it is uniformly about 400 feet above the level of North 
Platte River along a north-northeast and south-southwest line, while to 
the l)Orth the lowlands beyond Pine Ridge are at altitudes about 600 
feet lower than Niobrara River. 

White River TT alley.-White River rises in Pine Ridge, near Harrison, 
at an altitude of about 4,800 feet, or several hundred feet higher than 
Niobrara River, a short distance to the southwest. It flows to the east, 
and has excavated a gorge in the northern face of Pine Ridge, which 
has a fall of 1,100 feet in the first 20 miles, a declivity of 55 feet to the 
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SCOTTS BLUFF, FR OM NORTH SIDE OF NORTH PLATTE RIVER . 

Dome Rock in the d1stance. 
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Cou;thouse Rock irrigat1on canal in the foreground. 
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mile. Near Crawford the vailey of White River merges into the rolling 
plains. at the foot of Pine Ridge, and then extends northeast as a wide, 
shallow depression among rolling hills, in which its declivity is only 20 

· feet a mile. Its altitude at the one hundred and third meridian is 
about 3,100 feet. The river receives many streams from the deep can
yons in the northern front of Pine Ridge, and a number of intermittent 
creeks from the rolling country northward. 

Hat Greek Basin.-Hat Ureek is a branch of the South Fork of 
Cheyenne River. It rises in a canyon in the north front of Pine 
Ridge, in Sioux County, and receives numerous branches also heading 
in this front. To the east, where Pine Ridge trends southeast and 
passes around toward the head of White River, the divide between the 
Hat Creek and White River drainages is a low, narrow ridge, which 
J?rojects from the spur of Pine Hidge, near Adelia, and extends far to 
the northeast into South Dakota. The highest points on this divide 
beyond Round Top, the high spur of Pine Ridge, are some outlying 
mounds, of which the most couspicu·ous i~ the Sugar Loaf, due north of 
Adelia. Where th~ ridge is crossed by the Bu.rlington and Missouri 
River Railroad, north-northwest of Adelia, the altitude is 3,816 feet. 
From the Sugar Loaf northeast the ridge is moderately high for some 
distance, and then gradually diminishes in height. It is crossed by the 
Deadwood line of the Fremont, Elkhorn and Missouri Valley Railway 
at an altitude of about 3,650 feet. 

The upper portion of the Hat Creek Basin consists of deep canyons 
extending far into the north front of Pine Ridge. The sides of these 
canyons rapidly diminish in height to the north, and soon give place to 
a region of low rolling hills having a generally gentle slope northward. 
On the South Dakota line the altitude of Hat Creek is about 3,500 feet. 

Sand ltills.-Tbere is in this portion of western Nebraska a narrow 
extension of the great sand-bill area of Nebraska. The bills are com
prised in a series of detached groups, I,ying mainly in the northern 
portion of Cheyenne and the south-central portion of Sioux counties, 
which cover an area of about 300 square miles. Their distribution is 
shown on the map, Pl. LXXXIV. The hills are mainly from 50 to 150 
feet in height, and the areas consist of assemblages of irregular dunes 
with intervening basins and valleys. In T. 26, R. 55, and T. 27, R. 56, 
there are some exceptionally high sand hills, which rise somewhat over 
5,000 feet in altitude, or from 200 to 250 feet above the surrounding 
plain. The lower dunes are in greater part covered ·with a scanty 
growth of grass, but there are many areas of considerable extent in 
which the sand is bare and loose. These localities are generally 
"blowouts" on the north west slopes of the larger dunes. There is an 
extensive local sand-bill area along the south side of the valley of 
North Platte River, on the ~lopes south of Camp Clarke, which extends 
as far eastward as the vicinity of Courthouse Rock. rrhe width of tllis 
belt is but 5 miles at most, and its length about 15 miles. An area of 
smaller size lies just west of Chimney Rock. 
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GEOLOGY. 

GENERAL GEOLOGY. OF NEBRASKA. 

The geology of Nebra:ska presents broad strnetural features which it 
is necessary to outline before a clear idea can be given of the local 
relations in the western portion of the State. The principal formations 
which outcrop are extensive sheets of sands and clays of Cretaceous, 
Tertiary, and Pleistocene ag·e; m;1derlain by Carboniferous limestone, 
which outcrops in the southeastern counties. In the ruap, PI. LXXXII, 
an attempt has been made to indicate the present state of knowledge 
of the distribution of the principal formations. It is based on a large 
number of new data from personal observatioiJs made during the last 
three seasons. In the cross section, Pl. LXXXIII, are shown the 
principal :structural relatiou s of the formations. The following list sets 
forth their order, age, and salient features: 

Table of geological jol"ntat-ions in Nebraska . 

.Age. Name. Predominating characters. 

Alluvium .................... Sand, loam, and gravel in valleys; 
talus on slopes. 

Sand hills .................... Sand mainly in dunes, due to 
wind action. 

1 
Loess ........................ Fine sandy loam of pale browll-

p eistocene. · · · · · · · ish-buff color. 

Drift ........................ Bowlder clays and sands of glacial 
origin, and sandy clays, sands, 
and pebble beds. 

Eqnus beds .................. Gray sands. 

P.·liocene ? ...••...•• Ogallala formation ..... ~ !Calcareous grit, sandy clay, and 
~ ai sand. 
~~ 

. JArikaree formation ..... j ,..:=, Gray sand with beds of pipy con-
MIOcene · · · · · · • · · . 1 cretions. 

Gering formation ............. Coarse sands, soft sandstone, and 
conglomerate. 

\

'Brule clay .............. 

1 

~ .!Pinkish clays, hard, and more or 
~ p_ less arenaceous. 

Oligocene~........ Q) g 
--+=> .... 
·;:::: C£ 

Chadron formation ..... ~ I Pale greenish-gray sandy clay. 
Pierre clay ................... Dark-gray clay or soft shale. 

Cretaceous . . . . . . . . ~ :;:; 
Niobrara formation .... -~ ~ P.l Chalky limestone and shale. 

§8 
Benton shale . . . . . . . . . . . ~ bO Dark-gray or black shale or clay. 
Dakota sandston a ............ Brown sandstone. 

\

Permian limestone ........... Buff limestones and shales. 
Carboniferous. . . . . Cottonwood limestone ........ Massive limestone of light color. 

W abaunsee formation ........ Limestones, shales, sandstones, 
and thin coal beds . 

.A.lluvi·wm.-Owing to the softness of the Cretaceous and Tertiary 
formations which constitute the surface of the greater part of Nebraska, 
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JAIL ROCK, FROM THE WEST. 

Gering sandstone on Brule clay. Valley of North Platte River in the d1stance. 
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SMOKESTACK RO CK, FROM THE EAST. 

Showing outliers nf conglomerate in Ankaree formation. 
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the river valleys are wide, and they are floored to a greater or less depth 
with deposits of alluvial materials _brought by the streams at various 
stages of their development. The largest alluvial areas ar·e along the 
valley of Platte River, which bas a width of 15 miles in the central 
portion of the State. Southwest of Omaha, where the river crosses 
the hard rocks of the Carboniferous which rise in the eastern part of 
the State, its valley is narrowed greatly. The valleys of -Republican, 
Blue, Nemaha, the Loups, Elkhorn, and· Niobrara rivers contain allu
vial deposits of moderate width, and all the Bmaller valleys contain 
local alluvial materials to a greater or less degree. The deposits are 
mainly sands and loams, intermixed with pebbles in some localities, 
and occasionally associated with local beds of clay and accumulations 
of peat and diatomaceous earth. 

Sand dunes.-A wide area of central Nebraska is occupied by wind
blown sands, constituting the great sand-bill district. Its area is about 
24,000 square miles. The sand in this district is blown into high ridges 
and hills, but there are numerous intersecting valleys of various size 
which constitute a moderate proportion of the area. There are local 
accumulations of wind-blown sand of considerable extent along the 
valley. of Platte River south of Kearney, along Loup River north of 
Grand Island, along the south slopes of the North Platte Valley west 
of the one hundred and third meridian, and in Chase, Perkins, and 
Lincoln counties. 

The sands were largely deriverl from the Arikaree formation, but it 
is also probable that they are in part the remains of formatio"ns of early 
Pleistocene age or an extension of the Equus deposits or the loess. 

Loess.-The loess occupies more than one-third of the area of Ne
braska, usually giving rise to level plains, which it underlies to a thick
ness of about 100 feet .. The widest area is in the table-lands south of 
Platte River. To the northwest it is overlapped by the sand hillR, but 
it extends far north in the eastern portion of the State and to the south
west to Dundy County. On the divides it is limited on the west by the 
high lands in Chase and Hayes counties, but extends fartller up the 
valley of Republican River. The western margin in Deuel County is 
marked by high riuges of Tertiary formations, which constituted a 
shore against which the loess was deposited. The material of the loess 
is a fine sandy loam, somewhat· calcareous, and chiefly of a pale 
brownish yellow color. Occasionally streaks of sand and old soil are 
found, and some portions are slightly more argillaceous than usual. 
The deposit is of a remarkably uniform· texture, compact, but perfectly 
soft. Much of the water falling upon its surface is absorbed, bnt on 
steep slopes there ·is rapid excavation wherever a rivulet gets a f<Lir 
start. In the lower p:.l.rt of the formation, possibly underlying it and 
entirely separate, are deposits of volcanic ash, usually mixed with 
more or less fine sand, but often consisting almost entirely of fine 
shreds of volcanic glass. 

The thickness of the loess is variable, but over a wide area of the 
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central portion of the State it averages 100 feet. It has similar thick
ness at most points near Missouri River. In the region of drift hills 
about Lancaster County the thickness varies from 20 to 100 feet. 

The loess is generally fossiliferous, containing many species of fresh
water and land shells. 

The loess is the product of a relatively long period of deposition at 
the close of glacial times. In the wide area in central Nebraska it was 
deposited by Platte River at a stage when the river spread as a wide 
plexus of streams over the divide south of its present course. The 
deposits extend far up the slopes of the high drift hills about Lancaster 
County, and probably the greater portion of this area was originally 
entirely covered by earlier loess. Missouri River spread a wide mantle 
of loess across the eastern margin of the State, and in the later stages 
of deposition this loess was deposited in the lower, wider valleys among 
the drift hills. 

Drift.-The glacial drift covers the greater part of Nebraska east of 
~ 

longitude 97° 30'. It is a product of the Kansan epoch of the drift 
period, when a lobe of the glacier extended to Kansas River. Extend
ing west from the glacial-drift border there is a thin sheet of sands and 
gravels which is continuous under the loess to beyond the one hundred 
and second meridian. The greater portion of the glacial drift consists 
of blue and gray bowlder.clays. There are locally incladed sand beds, 
and in some localities extensive deposits of bowlders. The pink Sioux 
quartzite, often in very large masses, is a conspicuous feature of the 
drift, but there are many other rocks associated with it. Wide areas 
of clay surfaces with only a few scattered bowlders occur, and there are 
other areas of light sandy clays, particularly on the higher level lands, 
which appear to be loess merging into the glacial drift. The drift is 
thick in Lancaster and Gage counties. It thins rapidly toward Mis
souri River, where it is usually, represented by a thin layer of gravel 
underlying the thick mantle. of loess. Tue thin drift sheet, which 
extends far west from the gl~tcial-drift margin under the loess, is usually 
saud or sandy clay, commonly of pinkish color. To the north it is often 
representee! by coarse sand, and to the west it merges into a gravel 
bed. Pebbles of a great variety of rocks, apparently mainly of Rocky 
Mountain origin, occur throughout. The westernmost extension ob
served of this deposit was in the table-~and north of Big spring, in 
Deuel Comtty, where it was represented by a bed of gravel 20 feet 
thick underlying I 00 feet of loess. 

Ogallala formation.-Extending from Kansas and Colorado far into 
Nebraska there is a calcareous formation of late Tertiary age to which 
I wish to apply the distinctive name Ogallala formation. It is a por
tion, if not the whole, of the deposit which in Kansas and southward 
has been called the " Mortar beds," " Tertiary grit," and other names. 
It bas been regarded as a portion of the Loup Fork formation. It is 
extensively developed in the western part of Nebraska, in the region 
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A. "TWIN SISTERS," BANNER COUNTY, NEBRASKA. 

B . WIND EROSION IN GERING FORMATION, BANNER COUNTY, NEBRASKA. 
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Showing cliffs of Arikaree formation . Bad lands in Brule clay in the distance. 

{From photograph by E . H Barbour, University of Ne braska.) 
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about Lodgepole Creek and the area ~between Platte River and the 
Kansas line west of the ninety-ninth meridian. It thins out in Banner 
County and in the central part of Cheyenne County, giving place to 
the northwest to an underlying member of the Loup Fork series~ It 
crosses North Platte River in the western part of Deuel County, but 
its limits in the central and northern portions of the State have not 
been ascertained. It appears to underlie a portion at least of the great 
sand-bill district. In its typical development the Ogallala formation is 
a calcareous grit or soft limestone containing a greater or less amount 
of interbedded and intermixed clay and sand, with pebbles of various 
kinds sprinkled through it locally, and a basal bed of conglomerate at 
many localities. In places it merges into a light-colored sandy clay, 
generally containing much carbonate of lime in streaks or nodules. 
The pebbles it contains comprise many crystalline rocks, which appear 
to have come from the Rocky l\iountains. These pebbles accumulate on 
the disintegrating surfaces of the Ogallala formation, and they appear 
to have contributed largely to the gravel bed underlying the loess to 
the eastward . 

.Arilca:ree formation.-In the western portion of Nebraska there is 
found underlying the Ogallala formation a series of sands of gray color 
everywhere characterized by layers of dark-gray concretions which 
often have tubular form. This formation enters the State from Wyom
ing, and has been found to thin out under the Ogallala formation in 
th~ eastern portion of Banner County. It has a thickness of 400 feet 
in Scotts Bluff County and of 500 feet in Sioux and Dawes counties, the 
amount increasing as the Arikaree displaces· the Ogallala formation 
northward. It is extensively exposed along Niobrara River, apparently 
to the east of Valentine, and it is seen occasionally along the western 
edge of the sand-hill district, but it bas not yet been distinctly recog
nized in the region drained by the Loup Forks or along Platte River 
east of Cheyenne County. In its upper portion are beds containing the 
large D::emonelix of Barbour. The name Arikaree has been applied to 
the deposit for the reason that the Arikaree Indians were at one time 
identified with the area in which it is most largely developed. It is 
distinctly separated from the Ogallala formation by erosional uncon
formity and overlap, which is clearly· illustrated in the western portion 
of the State. The formation includes a large amount of volcanic ash, 
as a general admixture in its sediments as well as in beds of consider
able extent and thickness. It also contains a number of channels filled 
with conglomerate, which will be described in detail later. (See 
page 745). 

Gering formation.-This formation, like the Arikaree and Ogallala 
formations, was differentiated in the summer of 1897. It consists of 
laminated, massive, and cross-bedded, light-gray, mainly coarse sands 
and soft sandstone at the base of the Arikaree formation. The char
acter of the deposits and the abrupt change from the typical Arikaree 
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formation has afforded a basis for the discrimination of this formation. 
It bas been found in Scotts Bluff, Banner, Cheyenne, Sioux, and 
Dawes counties, and locally attains a thickness of 200 feet. It often 
comprises two members, more or less distinctly separated by uncon
formity, and it lies unconformably ou the Brule clay. The materials 
are sands, which vary from coarse to fine, and they are often sufficiently 
lithified to be classed as soft sandstone. At the base there is usually 
more or less conglomerate of local origin. In some districts tlJe for
matiou thins out and appears to be entirely absent, but possibly in this 
case it has simply lost its distinctive characteristics, so that it woul<l 
be overlooked as the lower portion of the Arikaree formation. In some 
cases where the formation is thought to be absent there is seen to be 
unconformity below the Arikaree beds. 

Brule clay.-Th~ White River beds in their extension from South 
Dakota into Nebraska, present some differences in stratigraphic range 
and relations. They expand consinerably and include, at their top, 
beds which appear not to be represented in the typical regions. 
Accordingly, to afford distinct definitions for the members in Nebraska 
I have introduced the designation Brule clay and separated the under
lying Titanotherium beds as the Chadron jm·1nation. 

The Brule clay consists mainly of a hard, sandy clay, of pale-pink 
color. Its thickness averages about 600 feet i11 the vicinity of the 
Wyoming line, but the amount diminishes greatly eastward. In the 
vicinity of the one hundred and third meridian in the northwest cor
ner of the State the amount is 320 feet. The formation has not been 
recognized east of longitude 1010 3D', where it appears to sink beneath 
the surface in the Platte Valley. It extends far to the northeast in 
South Dakota. 

Chaclronfonnation.-Lying under the Brule clays there is a thin 
sheet of light-greeni~Sh colored sandy clay, the basal member of the 
White River series, known as the "Titanotherium beds." Its outcrops 
extend in a narrow zone across the northern portion of t1Je State, and 
it is apparently exposed along North Platte River near the ""\V"yoming 
line. It is known to underlie portions of Colorado and South Dakota, 
but it appears not to extend. far eastward in southern Nebraska, for it 
is absent along Republican River. It is reported that Titanotherium 
remains were obtained near Longpine, but nothing bas been learned 
of the relation and extent of the beds in that loca1ity. 

Pierre cla.y.-All of Nebra~ka, west of the ninety-eighth meridian is 
underlain by the Pierre day. Its surface outcrops are in the lower 
portion of the Xiobrara Valley, the Republican Valley, and the extreme 
northwestern corner of t11e State, but it is probable that careful search 
may reveal outcrops in the valley of the Platte River in tlJe vicinity of 
the ninety-sixth meridian. The formation is a thick mass of dark-gray 
or bluish clay or soft shale. Its thickness h; probably at le;u;t ~,ooo 
feet in the central-western portion of the State. 
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Niobrara and Benton formations.-Underlying the Pierre clay there 
is a series of chalky limestones known as the Niobrara formation and 
slabby limestones and shales known as the Benton formation. They 
have a thickness of about 450 feet to the east, but thicken to the west. 
At the base there are about 200 feet of dark shales, next follow slab by 
limestones containing Inoceramus, then a member consisting of shales, 
and at the top the Niobrara formation with its chalky deposits char
acterized by thin hard beds filled with Ostrea congesta. The forma
tions cross the eastern portion of the State, and underlie all. of the 
area west of the vicinity of the ninety-seventh meridian, but they are 
so deeply buried under drift and loess that outcrops are rarely visible. 
The most extensive exposures are along Missouri River extending 
from near the ninety-seventh to the ninety-ninth meridian, and along 
the Republican Valley from Alma to near Superior. The formations are 
exposed at intervals across the eastern portion of the State in each of 
the larger valleys and some of the branches. The more notable of these 
small outcrops are at Genoa, north of Germantown, near Crete, at 
Pleasant Hill, and in Beaver Creek north of Dorchester. There is an 
exposure of dark shales under some ledges of Inoceramus limestone in 
Big Blue River at Milford, which are Benton. During the summer of 
1897 upper Benton and Niobrara berls were discovered rising in a prom
inent anticline along White River in the vicinity of Beaver and Alkali 
creeks, in the northwest portion of the State. 

Dakota, sanllstone.-The Dakota sandstone underlies nearly aU ot 
Nebraska, and outcrops in a narrow belt extending from Missouri 
River to the vicinity of the ninety-seventh meridian. It is gray or 
brown sandstone, containing streaks of clay of greater or less size, and 
its aggregate thickness is about 400 feet, including a basal series of 
Lower Cretaceous sandstone. Its surface passes under the Benton 
shales, and with the low westerly dip and gradual increase in altitude 
of the State to the west, the Dakota sandstone is so.on deeply buried. 
In the central portion of the State it probably lies over 2,500 feet below 
the surface. In its outcrop area it is heavily covered by drift and loess, 
hut there are numerous exposures in the banks along Missouri River 
in Dakota County-which was the type locality of the formation
along Platte River from Ashland nearly to Plattsmouth, along the val
ley of Salt Creek and its branches, at Beatrice, and in the valley of 
Little Blue River in Jefferson. County. The formation carries the great 
artesian-water supplies, which are so extensively developed by wells 
in eastern South Dakota and on low lands in Knox, Cedar, and Boyd 
counties, Nebraska. 

Garbonifermts formations.-The Carboniferous limestones, shales, and 
sandstones underlie all of Nebraska, rising to the north and north west 
about the Black Hills and on- the slopes of the Rocky Mountains, as 
shown in Pl. LXXXIII and fig. 228, on page 764. The outcrops in 
eastern Nebraska are in Douglas, Sarpy, Cass, Lancaster, Otoe, Gage, 

19 GEOL, P1' 4--47 
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Johnson, Pawnee, Nemaha, and Richardson counties. The rocks are 
hard and would give rise to more prominent features in this region if 
it were not for the heavy covering of glacial drift and loess. As it is, 
the exposures constitute cliff's along Platte River from Ashland to 
Plattsmouth, and thence at intervals along Missouri River to the south
east corner of the State, and occur in scattered outcrops along the 
valleys of Big Blue, Nemaha, and Little Nemaha rivers and Weeping 
Water, Turkey, and Southeast Salt creeks and their branches. 

The r~:lCks of the Carboniferous period in this region comprise forma
tions of Perp1iau and upper Coal Measure or :Missourian age. The 
Permian outcrops are probably restricted to the valley of Big Blue River 
from Beatrice southward. The rocks are mainly magnesian limestones 
of light color with interbedded shales. They are extensively exposed 
south of Beatrice, at Rockford, Blue Springs, Wymore, and Holmesville. 
The other Carboniferous members appear to comprise the Cottonwood 
and Wabaunsee formations of the Kansas geologists. They consist of 
limestones, sh.ales, and sandstones, which contain thin coal beds in some 
localities. Professor Prosser bas made a preliminary examination of 
the Carboniferous of Nebraska, and identifies as Wabaunsee the expo
sures about Peru, Aspinwall, Nebraska City, Auburn, Tecumseh, Dun
bar, Nehawka, Weeping \Vater, and in the long section along Platte 
Rivm·, near Louisville. The Cottonwood limestone, a massive bed full 
of Fusulina, was recognized west of Auburn about Glen Rock and John
son, and the same beds .extend over the higher lands of western Rich
ardson and Pawnee counties.1 In the deep borings, which have been 
made at various points in the southeastern corner of the State, it has 
been found that the Carboniferous formations have, in all, a thickness 
of about 1,200 feet, of which about 200 feet are Permian. In the deep 
well at Lincoln the lower limestones were found to be 835 feet thick 
and underlain by 800 feet of magnesian limestones of undetermined, 
but probably in part Devonian age; this, in turn, by limestone appar
ently of the Trenton formation, extending from 1,813 to 1,947 feet; a 
supposed representative of the St. Peter sandstone, having a thickness 
of 61 feet; 113 feet of magnesian limestones, supposed to be the Mag
nesian limestone of the Mississippi Valley; and a red sandstone, 
extending from 2,121 to 2,192 feet, thought to be Cambrian. This was 
found to lie on a red quartzite-penetrated for 270 feet-supposed to 
be an extension of the Sioux Falls quartzite of Algonkian age, which 
is underlain by granite rocks northward. 

There are possibly two other formations underlying portions of 
Nebraska but not reaching the surface. To the northwest there is 
doubtless an extension of the J uratrias red sandstones and greenish 
sands and clays which are exposed so conspicuously about the margin 
of the .Black Hills, only 55 miles distant from the northwest corner of 
the State. They lie between the Carboniferous limestone and the 

I Jour. Geol., Vol. V,l897, pp.l-16. 
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Dakota sandstone, as shown in the sections, Pl. LXXXIII and fig. 
228, on page 764. They are absent in the eastern portion of the State, 
but in part are extensively developed in Kansas. 

The other formation which may extend into Nebraska is the Laramie 
sandstone, which lies between the Pierre shale and the Tertiary for
mations in northeast Colorado. It would not be surprising if this 
formation should be found to underlie a portion of extreme western 
Nebraska, but it is known to be absent in the Republican Valley as far 
west as Dundy County, and in the region north of Pine Hidge, in 
Sioux and Dawes counties. 

GEOLOGY OF THE REGION WEST OF THE ONE HUNDRED AND 
THIRD MERIDIAN. 

GENERAL RELATIONS. 

The formations of this region comprise alluvium and dune sands and 
Ogallala, Arikaree, Gering, Brule, and Chadron formations, lying on a 
thick mass of Pierre clay. The loess and drift are not present. The 
distribution of these formations, except the alluvium, is shown on the 
geologic map, Pl. LXXXIV~ Their structural relations are shown in 
the series of cross sections, Pl. LXXXV. The older formations under
lying the Pierre shale do not reach the surface nearer than the southern 
slopes of the Black Hills, where, as shown in fig. 228, they rise in reg
ular succession. 

The relations of the formations, as shown in Pis. LXXXIV and 
LXXXV, are relatively simple. There is a broad, thick sheet of Brule 
clay, underlain by a thin layer of Chadron formation, lying on the irregu
lar surface of the Pierre clay, which outcrops in the -region north of the 
foot of Pine Ridge. The Gering formation is a thin sheet of coarse 
sand and soft sandstone which lies on the Brule clay mainly in chan
nels. It appears to outcrop continuously along the northern front of 
'Pine Ridge, about halfway up the slope; it has been recognized at one 
point on the north slope to the valley of North Platte River. It is 
extensively developed in wide channels in the ridge lying next south, 
but jt is absent in the table-land south of Pumpkinseed Creek, except 
probably in a small outlier exposed far up the valley of Lawrence Fork. 
The Arikaree formation, consisting of fine sands with dark-gray pipy 
concretions, constitutes the·. crest of Pine Ridge and the table-land 
extending north of the Platte Valley. It also heavily caps the ridge 
lying between the valleys of the Platte and the Pumpkinseed, but it 
thins rapidly to the south and east in the high table-land south of the 
Pumpkinseed Valley, and dies out east of the mouth of Lawrence Fork. 
The Ogallala formation, consisting mainly of light-colored pebbly sands 
cemented by carbonate of lime, covers the table-land south of the 
Pumpkinseed Valley, lying on the Brule clay to the east and on a 
thickening wedge of the Arikaree formation to the west. Outlying 
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masses cap certain high points on the ridge north of the Pumpkinseed 
Valley, and it may possibly be present on the higher portions of the 
table-land north of Platte River, together with outliers of the Equus 
beds. The larger sand-hill areas are on the table-land north of the 
valley of Platte River, but smaller areas are found in both Platte and 
Pumpkinseed valleys. Alluvium, which is not represented on the map 
and sections, floors portions of the valleys and merges upward into 
wash and local talus on the slopes of the hills. 

ALL UVIAL FORMATIONS. 

On the lower slopes adjacent to North Platte River and along the 
other streams of the region there has been deposited a greater or less 
thickness of materials brought by the streams from the higher lands. 
In the valley of Platte River there is a wide zone of bottom lands bor
dering each side of the river, on which is found a mantle of alluvium, 

. several feet thick, lying on the older formations in which the river val
ley was cut. The materials consist mainly of sandy loams with occa
sional coarse constituents. On the adjoining terraces above is found a 
mantle of sand and gravel, deposited when the river was much higher 
than it is now. The gravels contain many rocks from the Rocky l\ioun
tains, comprising granites of various kinds, quartzites, cbalcedonic vein 
stones, often of considerable beauty, and a small variety of eruptive 
rocks. The materials vary in size from coarse sand to moderately large 
bowlders. The coarser deposits give rise to long narrow ridges or lines 
of knobs, while the materials of intermediate coarseness cover terraces, 
which in some cases extend back from the river bottom for several 
miles. It is claimed that small showings of gold have been panned 
from these formations at several localities. In the valleys of the Lodge
pole and Pumpkinseed creeks and White River the alluvial materials 
are mainly in narrow belts of bottom lands, and consist chiefly of local 
materials. In the valley of Pumpkinseed Creek, however, there are at 
higher levels extensive deposits of coarser gravels containing rocks 
from the Roeky Mountains similar to those along Platte River. It is 
probable that this river at one time sent a branch stream through the 
wide depression now occupied by Pumpkinseed Creek and spread the 
gravel on the high terraces. At that time the ridge lying north of 
Pumpkinseed Ureek was an island in the midst of a wider Platte 
River, but the valleys were not so deep as they are now. Nearly every 
stream flowing out of the high lands has brought down more or less 
alluYial material in the shape of sand or local gravel, which merges 
into the alluvial deposits of the larger valleys. There is also on nearly 
all of the slopes adjoining the valleys a talus of wash of sand and clays 
from above, which often covers the underlying formations to consid
m·able thickness. 

None of the alluvial formations have been shown on the geologic 
map, Pl. LXXXIV, because some of thmr relations are too intricate 
for accurate representation on a small scale. 
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TYPICAL SAND HILLS IN WESTERN CHEYENN E COUNTY, NEBRASKA. 

A , Leeward side, looktng west ; B , Wmdward stde, looktng southeast, showtng blowouts. 
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SAND DUNES. 

The sand hills are a distinct geologic formation in this region, in part 
contemporaneous with the alluvial deposits along the bottoms of river 

-valleys. They are in process of formation and modification by the 
strong winds, and are in a measure still moving to the southeast. Two 
typical views of the sand-hill region are reproduced in Pl. LXXXVI. 
The sand now constituting the sand hills was derived mainly from the 
Arikaree formation, which has been carried over the plains by the wind 
and accumulated about the obstructions. The manner in which the 
sand is blown away is welL illustrated in Pl. XCI, A. The sand dune 
areas in the North Platte Valley no doubt derived a portion of their 
material from the sand banks and other alluvium of the river which has 
been blown by the wind and lodged against obstructions. This is ]1ar
ticularly well illustrated in the area which abuts against Chimney 
Rock. The small areas about Caldwell and Dorrington and at other 
points in the Pumpkinseed Valley are probably of similar origin, except 
in a few cases where local sources have supplied the materials. 

OGALLALA.. FORMATION. 

The Ogallala formation is the uppermost divh~ion of the Tertiary 
deposits of this region. It c;onstitutes the high table-lands on both 
sides of the Lodgepole Valley, and caps the several small high summits 
about Wild Cat :Mountain, northwest of Ashford. As before explained,· 
it is in the main the extension of the "Tertiary grit," "Magnesia," or 
''Mortar beds" of the Kansas geologists. It consists of an impure cal
careous grit, or sand cemented with carbonate of lime. At its base 
there ar~ often beds of conglomerate with pebbles, consisting mainly 
of gray sandstone or limestone. Throughout its mass there are scat
tered pebbles of crystalline rocks from the Rocky Mountains, streaks 
of pebbly sand, and thin ledges of sandstone. The hat'der calcareous 
beds are of white or cream color, and outcrop in irregular cliff's along 

· the slopes of depressions. Some softer intercalated beds of sandy 
character are of light-pinkish color. The formation has a relatively 
level surface, which constitutes the floor of the high table-land of Kim
ball County and the southern portion of Banner and Cheyenne counties. 
When the rock disintegrates on the surface a greater or less accumula
tion of sand and scattered pebbles remains, often constituting a soil 
of greater or less thickness. This soil when irrigated usually proves to 
be very productive. The general thickness of the Ogallala formation 
varies from 150 to 300 feet, the greater amount being along the Wyo
ming line, in the northwestern corner of Kimball County .. As the sur
face has been more or less eroded, the original thickness is unknown. 
The altitude of its base is 4,100 feet south of Lapeer, 5,200 feet west 
of Harrisburg, 4,300 feet near Bronson, 5,100 feet west of Bushnel1, 
and 5,000 feet on Wild Cat Mountain. The wider relations of the Ogal
lala formation to the older Tertiary formations are shown in the cross 
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sections in Pl. LXXXV. In these sections it will be seen that in Lodge
pole Valley it lies directly on the Brule clay; alang the south side of 
the Pumpkinseed Valley it lies on the Brule clay to the east, and then 
on the Arikaree formation, which comes in and gradually thickens, to 
the west. An exposure of its basal conglomerate is shown in Pl. 
LXXXVII. At this exposure the .Arikaree beds are thin, as shown in 
Pl. LXXXVIII, 0. It is everywhere clearly separated below by ero
sional unconformity, and its base is usually a shore deposit of pebbles 

Ogallala calcareous grit .......... { 
Conglomer,.te .......... . 
Impure volcanic ash .... . 

Volcanic ash 8' ......... . 

FIG. 21!8.-Colnmnar secuon or 10rmations exposed in Wild Cat Mountain and vicinity, Banner 
County, Nebraska. 

of gray siliceous and calcareous rocks. In the outliers about Wild Cat 
Mountain the thickness is about 50 feet, and the formation lies on a 
thick mass of Arikaree formation, from which the basal conglomerate 
is very distinctly separated by an unconformity. The relations in this 
vicinity are shown in fig. 208. 

Some typical sections il1ustrating the relations of the formations are 
given in Pl. LXXXVIII. There may possibly be a small area of Ogal
lala formation to the east on portions of the table-land north of North 
Platte River, but it was not distinguished. A few vertebrate remains 
were collected in this formation, and it was found to contain the smaller 
Dtemonelix forms in considerable abundance in some localities. 
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A. CONGLOMERATE AT BASE OF OGALLALA FORMATION 5 MILES SOUTH-SOUTH EAST OF 
REDINGTON, CHEYENNE COUNTY, NEBRASKA. 

Th e conglomerate lies on Arikaree format1on 

B . CONGLOMERATE IN ARIKAREE FORMATION 3 MILES DUE SOUTH OF LARISSA , SCOTTS BLUFF 
COUNTY, NEBRASKA. LOOKING NORTHWEST 
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D. 

SECTION S OF EXPOSURES OF AR IKAREE AND OGALLALA FORMATIONS AT AND NEAR LANGS POINT, NEBRASKA. 

A, 8 miles west of Langs Point; B, At Langs Point; C, 5 miles east of Langs Point; D. 10 miles east of Langs Point. 
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ARIKAREE FORMA'l'ION. 

The Arikaree formation attains its greatest development in Pine 
Ridge, where it presents a thickness of about 500 feet. It constitutes 
a wide area of table-land extending from Pine Ridge to the nC!rthern 
margin of the valley of North Platte River. It occupies the ridge lying 
between the valleys of North Platte River and Pumpkinseed Creek, 
and to the southwest it is exposed in the slopes of the table-lands next 
south. The formation consists mainly of fine sand containing charac
teristic layers of hard; fine-grained· dark-gray concretions, often consist
ing of aggregations of long, irregular, cylindrical masse.s. These, for 
convenience, have been called "pipy concretions."· They vary in thick
ness from a few inches to several feet, but from 10 to 15 inches is a fair 
average. Their trend is east-northeast and west-northwest with sur
prising regularity. The lay
ers are often many square 
yards in area. A typical ex
posure of the concretions is 
sho_wn in Pl. XCI, B. 'fhe 
sands vary from loose to 
fairly compact, and some are 
argillaceous. The colors are 
uniformly light gray. Owing 
to the presence of the hard 
concretions, the formation 
generally gives rise to ridges 

§ ~~~~ ~ Gray sand with pipy 
E concretions . - ....... -

.2 

" -"' 

~ 

Dark-gray sand few 
concretions . _. ___ .... 

(No break.) 

of considerable prominence. ~ llllllll~.~ The steep escarpment of Pine ~ Pink clay sandy above .. 

Ridge consists almost entirely ~ VolcaoicashS'. 

of Arikaree cliffs, of which 
typical views are given in 

FIG. 209.-Section 6 miles southwest of Gering, Nebraska, 
Pis. LXXXI, XC, and XCIV. 
The relations of ·the Arikaree 

showing relations of .Ariknree aml Brulo formations. 

formation to associated deposits are particularly well exposed in the 
slopes adjoining the Platte and Pumpkinseed valleys. The formation 
lies on the Gerin~ beds at many points, but in some areas appears to 
rest immediately on the surface of the Brule clay. There is often no 
evidenc·e of unconformity in either case. Usually there is an abrupt 
change in the character of the materials as the coarse beds of the 
Gering formation give place to fine massive Arikaree sands containing 
the pipy concretions. In some cases this concretionary development 
appears to have extended dow~ into the Gering sediments, especially 
locally where these sediments are fine sands. This relation is illus
trated in fig. 209, and possibly also in fig. 221, on page 753. 

There is a possibility that the upper member of the Gering forma
tion is a basal portion of the Arikaree formation, as suggested at some 
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localities, which would often add difficulty to the identification of the 
Gering formation where it. consisted of only one member. Along the 
north side of the Platte Valley, the south side of the Pumpkinseed 
Valley, and in portions of the ridge between these two valleys the 
Arikaree formation appears to lie directly on the Brule clay. In these 
instances there is often either only a faint suggestion of unconformity 
between the two formatioi;tS when the exposures are carefully examined 
or simply a very rapid change from sandy, pinkish Brule clay, with 
some small siliceous concretions, to fine gray sands, with the typical 
character and pipy concretions of the Arikaree formation. Fig. 210 
shows the usual relations presented in the exposures along the· north 
side of the Platte Valley. 

FIG. 210.-Section of Arikaree and Brule formations on the north side of the valley of North Platte 
Rh,er. 

In Pl. XC, B, is shown an exposure in which there is marked uncon
formity between Arikaree and Brule deposits, and other exhibitions of 
similar relations are shown in sections A and 0 of PI. LXXXVIII, 
sections 0 and D of Pl. C, and Pis. XCIX and CI. The relations of 
the .A.rikaree formation to the Ogallala formation are described on 
page 7 42. The two formations are sharply separated by an abrupt 
change in character of materials, and the basal Ogallala beds are 
mainly conglomeratic. The thinning out of the Arikaree deposits to 
the southeast is clearly illustrated in many exposures south of Reding
ton. All along the northern edge of the table-land in Banner County 
the formation has less thickness than it presents in the ridge north, 
where, in the vicinity of Wild Cat 1\'lountain, it is nearly 500 feet thick. 
Southwest of Harrisburg the amount is about 150 feet; south of Free
port it is 100 feet. as shown in Pl. LXXXVIII, .Aj in Hackberry Can-
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Conglomerate 1n Arikaree fo1mation. 
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yon it is 40 feet; and at Langs Point Arikaree beds are absent, the 
Ogallala conglomerate here lying directly on the Brule clay, as shown 
in section B of PI. LXXXVIII. Southeast of Langs Point there are 
a few tbin outlying lenses of Arikaree beds, one of which is shown in 
section 0 of Pl. LXXXVIII; but thence to the east it thins out and 
the typical relations presented are those shown in section D of Pl. 
LXXXVIII. In the upper portion of the valley of Lawrence Fork there 
is an outlying area of the formation, only a few feet thick, between 
supposed Gering and Ogallala formations, as shown in fig. 215 (p. 749). 

The Dmmonelix in various forms occurs extensively in this formation; 
anrl in Pine Ridge, in Sionx County, the large forms of the "Devil's 
corkscrew" are found in very great abundance in the upper beds of the 
formation: Prof. E. H. Barbour has described these forms in detail 
and given an account of their mode of occurrence.1 The larger forms 
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FIG. 211.-Section 4 miles northwest of Dorrington, Nebraska, showing the relations of conglomerate 
in Arikaree formation. 

are most abundant in the upper portions of the depressions north of 
Harrison, but they were observed also as far east as Andrews, for some 
distance in the valley of Niobrara River above Royville, and as far 
west as Luskin Wyoming. The smaller forms are very generally pre
sent throughout the region, and they also occur in the Ogallala forma
tion. In Pl. XCII is shown an exposure of typica;l Dmmonelix beds 
containing the large corkscrew forms. It is believ-ed that no one observ
ing these fossils in the field would have any doubt as to their vegetal 
nature. 

In a portion of its area the Arikaree formation bas been observed to 
contain a series of old channels filled with coarse conglomerate. The 
occurrence of this conglomerate is apparently restricted to the ridge 
lying next south of N ortb Platte River and to the vicinity of Spoon 
Butte, near the head of Sheep Creek, in Sioux County. The horizon 
is somewhat above the base of the formation, and the conglomerate is 

1Bull. Geol. Soc. of America, Vol. VIII, pp. 305-314, 1897. 
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distinct from some local beds of coarse deposits occasionally noticed at 
or near the base of the formation. 

Some of the relations of these conglomerate-filled channels are shown 
in section F, of Pl. CI, and in Pis. LXXIX, LXXX VII, and LXXXIX, 
and fig. 212. Beginning at the east, the first outcrops observed were 

c,: .• ~:.,.~. 

Arikaree formation ....• -~ 

Gering formation.... • . • • : 
Unconformity •• · 

Brule pink clay .....•••• 

Arikaree formation. 

\

Conglomerate. 

~Gering sand. 
l Uncontormity. 
S Brule clay. 

FIG. 212.-Section 8 miles south-southeast of Gering, Nebraska, showing relations of conglomerate 
in .Arikaree formations. 

in Smokestack Rock, in Banner County. They were next seen at inter-
vals westward along the south line of Scotts Bluff County, in buttes 
and high points, as far west as the meridian of Gering, and detached 
areas are exposed on the north side of the ridge south west of Gering. 
The last outcrop occupies a point 3 miles north-northwest of Dorring
ton, near· the western end of the ridge, where it has the relations 
shown in fig. 211. 

It is probable that the. channel is continuous under the ridge between 
these points. Some features of the more prominent exposures are 

N s 

FIG. 213.-Cross section from the eastern eml of Spoon Butte southward to Sturdivant ranch 
looking east. 

shown in Pis. LXXXVII and LXXXIX. The material is a conglom
erate of pebbles and bowlders of gray sandstone, generally firmly 
cemented by siliceous matrix. The greatest thickness observed was 
30 feet, in the high point 3 miles south of Larissa. The Smokestack 
Rock exposes about 25 feet. At many localities it may be seen that 
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the beds lie on typical Arikaree deposits, as shown in Pl. LXXXVII, 
B, and ·they are overlain by typical beds of the same formation. This 
relation is shown iu figs. 212 and 219 (pp. 746, 752). 

In the Spoon Butte and adjoining ridges the conglomerates are of 
somewhat different character, consisting in large part of crystalline 
rocks and apparently lying on a steeply sloping surface. The relations 
are shown in fig. 213. 

In this vicinity it was not practicable to ascertain the relations to 
overlying beds. 

The Arikaree deposits contain a large amount of volcanic ash, mainly 
as a constituent intermixed with the sand, but there are also several 
distinct beds of ash at one or two horizons, though only of local occur
l'ence. The relations of these beds are indicated in section A of Pl. CI 
and figs. 208, 214, 217, 219, and 225, and some further information. 
regarding them will be found on page 760. 

Molluscan fresh-water fossils of several species have b"een found in 
this formation, but they are not sufficiently distinctive to indicate its 
age precisely. One _abundantly fossiliferous locality was discovered 
south of Gering, where the matrix was a thin bed of diatomaceous 
earth. Vertebrate remains were collected in small numbers. 

GERING FORMATION. 

Underlying the Arikaree formation, in a portion of the area, there is 
a series of coarse sands, often containing pebbles, which appears to be 
an entirely distinct formation. It is not separated by unconformity, 
but it has distinctive characters over an area of considerable extent. 
In its typical exposures it is separated from the Brule clays by a clearly 
marked unconformity, some of the features of which are shown in Pl. 
XCVIII. Its thickness varies from a thin wedge to over 200 feet. Its 
relations are extensiyely exhibited in the ridge lying next south of North 
Platte River, and it is thick and apparently in a continuous sheet along 
the northern face of Pine Ridge. The southernmost exposures are some 
doubtful ones on Lawrence Fork, near its head. In Pls. XCIX, C, and 
01 and figs. 214 to 224, the stratigraphic relations of this formation are 
illustrated. Its greatest development in the Platte Valley is soutb
southwest of Gering, where 200 feet are exposed, and about Chimney 
Rock, where a thickness of about 145 feet is attained. It is over 100 
feet thick in Courthouse Rock and in the vicinity of Bird Cage Gap 
and Redington Gap. To the west and south it thins out, and at some 
points along both sides of the ridge it is apparently absent, or possibly 
where it appears to be absent it is represented either by clayey mem
bers which are not distinguishable from the Brule clay, or by fine saud 
with concretions resembling Ogallala beds. Its absence is almost 
certain in the ridge about Wild Cat Mountain. In Scotts Bluff the 
relations of the formatio!l are very distinct and 60 feet are exposed. 
On the slopes north of Platte River the formation appears to be absent, 
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except in a small area near the southwest corner of Sioux County, 
where the features shown in fig. 214 indicate that the formation is 
probably present locally. 

Along the north face of Pine Ridge the formation presents the 
features shown in figs. 226 and 227 (pp. 757, 758), and Pl. XCIII. 

Some further facts and inferences as to its relations are shown in 
cross sections in Pl. LXXXV. No definite evidence of the continuance 
of the formation could be found in the slopes south of Pumpkinseed 
Creek except in the valley of Lawrence Fork, in sec. 4., T. 16, R. 54-, 
where there is an exhibition of the features shown in fig. 215. 

In the Lodgepole Valley the Arikaree formation appearg to lie 
directly on the Brule clay, both the Gering and Ogallala formations 
being absent. 

~· 
~ Pink clay ..................•............. 

ltnpurt' a...t;h •••••• ··---- ·----- .••••• 

:FIG. 214.-Sectiou of blutl" in southwestern corner of Sioux County, showing relatious of supposed 
Gering formation. 

The Gering formation presents many local features of stratigraphy, 
. particularly in the ridge between the valleys of Platte River and 
Pumpkinseed Creek. Beginning at .Jail Rock, there are instructive 
exposures at frequent intervals to the western end of the ridge. At 
Courthouse Rock there are presented the relations shown in section A 
of Pl. XCIX. At au altitude of 3,940 feet the distiiictive Brule clay is 
unconformably overlain by the Gering formation, apparently compris
ing two members, separated by marked unconformity by erosion. In 
both members there are coarse beds below containing local conglomer
ate, merging upward into sand, and finally into sandy clay. The total 
thickness is 110 feet. The characteristic A.rikaree formation capping 
Courthouse Rock begins abruptly, but with no sign of unconformity. 
Jail Rock, as shown in Pl. LXXVIII, is capped by the Gering forma
tion. The two members of this formation present about the same 
relations at Birdcage Gap as shown in section B of Pl. XCIX; but they 
have somewhat greater thickness. In the pinkish sandy clay, at an 
altitude of 4,080 feet, there was founcl a portion of the skeleton of a new 
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tFrom photograph by E. H. BarboUT , Umvers1ty of Nebraska ) 
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species of Dinictis.1 A view of the relations in Birdcage Gap is given 
in Pl. XCY. 

At Redington Gap the upper member of the Gering formation is not 
distinguishable and the total thickness is less. A local bed of volcanic 
ash 5 feet thick appears to mark the top of the formation. The princi
pal features are shown in section 0 of PI. XCIX. Three miles north
west of Redington Gap there was found the section shown in Pl. 
XCIX, D. The Gering formation here presents the usual basal beds 
of coarse material lying unconformably on the Brule clay. The change 

VERTICAl.. SCALE 

FIG. 215.-Details of unconformity between Brule clay and supposed Gering deposits in valley of 
Lawrence Fork, sec. 4, T. 16, R. 54. 

to the .Arikaree formations above is abrupt but not marked by 
unconformity. 

Approaching Chimney Rock there are presented the features shown 
in sections E and F of .Pl. XCIX. The thickness of the Gering forma
tion here averages about 125 feet, and there is much local variation in 
the stratigraphy. Coarse basal beds are often exposed lying uncon
formably on the Brule clay. A thin local bed of volcanic ash is 
conspicuou::; in some exposures. Chimney Rock consists of a spire of 
Gering formation rising from a conical hill of Brule clay. The material 
is a gray, thinly bedded, soft sandstone with slightly coarser materials 
at i~s base. The unconformable contact with the Brule clay is at an 

1 Recently described by F. A. Lucas as Dinictis major, Am. Jour. Sci., 4th series, Vol. VI, 1898, pp. 
399-400 
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altitude of 4,100 feet, and there is here considerable carbonaceous 
material, strongly suggestive of an old soil. At an altitude of 4,135 
feet there is a faint unconformity and two thin beds containing volcanic 
ash. Two views of Chimney Rock are given in Pl. XCVII, and the 
relations of the formations are shown in section A of Pl. C. 

l!'IG. 21.6.-Cross section of ridge 10 miles south of Gering, Nebraska, looking west. 

Southwest of Chimney Rock the Geriug formation greatly decreases 
in thickness, but it continues to present its characteristic features, as 
shown in sections B and 0 of Pl. C. The two members are well char
acterized as far 'as the east side of Sheep Mountain. .Along the south 
side of this butte the basal member of the Gering formation is, in 
places, not clearly separable. 

g 
:;:l 

~ 
] Gray sand with pipy concretions .. 

-< 

· FIG. 217.-Section 8 miles due south of Gering, Nebraska . 

.At the curiously sculptured Twin Sisters, which are of Gering forma
tion, the unconformity is finely exhibited, as shown iu Pl. LXXX, A. 
The materials consist of coarse sands and soft sandstone, merging 
upward· into a 6-foot bed of pinkish sandy clay, above which there is 
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a moderately sharp break, followed by an upper member of gray sand 
which constitutes the heads and shoulders of the "Sisters." Some of 
the relations in this vicinity are shown in section B of Pl. XCVI, which 
also shows the apparent thinning out of the formation a short distance 
northward. 

The Gering formation appears to be absent at the Smokestack, and 
in Round Top, Coyote Hill, and Castle Rock. In Castle Rock, as 
shown in section ]) of Pl. C, the Brule clays become sandy in their 
upper portion, but present no suggestion of stratigraphic break until 
the base of the well-characterized Arikaree deposits is reached, at an 
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FIG. 218.-Section of Gering and associated formations 6 miles south-so~uthwest of Gering, Nebraska. 

altitude of 4,340 feet, where there is an unconformity marked by a bed 
of white clay a foot thick on a carbonaceous surface, strongly sug
gestive of old soil. This soil and the relations of the formation indi
cate that there was here a land surface while 'the Gering formation 
was being deposited to the south. 

The Gering formation extends continuously for several miles west 
from the Twin Sisters. At a point 4 miles west-northwest it has the 
relations shown in section F of Pl. CI, consisting of two members 
with an aggregate thickness of 120 feet. It contains the usual coarse 
beds at the base of each member, and in the base. of the lower member 
there is a 2~-foot beq of pure volcanic ash. In the next bluff, li miles 
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northwest, there are exposed the features shown in section 0 of Pl. CI. 
In the next li miles the formation thins rapidly, as shown in section 
B of Pl. OI, and it appears to thin out locally to the south and at 
intervals to the west. 

In the high butte 2~ miles west-southwest of Larissa, as shown in 
section A of Pl. CI, the Gering formation is probably represented by 
a thin wedge of laminated sandstone, which is exposed on the south 
slope but is absent to the north. In the buttes south of Gering the 
formation occurs in irregular masses and for some distance is not over 
50 feet in thickness. Its relations in this vicinity are shown in fig. 
216, at B and C. 
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FIG. 219.-Section of Gering and associated formations 7 miles south-southwest of Gering, Nebraska. 

At Bin this section the Gering beds consist of sand and sandy clay, 
with streak~ of conglomerate at their base. There is a very abrupt 
change to Arikaree beds at their summit. The details of stratigraphy 
at Bare shown in fig. 217. 

At this exposure there is a bed of volcanic ash in the base of the 
Gering formation, with alternations of sands and sandy clays above to 
a sharp unconformity at 4,390 feet. Above this unconformity are 
sands, pebbly at base, which appear to merge up into the Arikaree 
beds. They may, however, constitute the upper member of the Gering 
formation. 

In the very prominent point in the northwest corner of R. 55, T. 20, 
6 miles south-southwest of Gering, the formation attains its maximum 
development for this district, having a thickness of 200 feet and the 
composition shown in fig. 218. 

A mile south of this exposure the Gering beds have the character 
and relations shown in fig. 219, which illustrates the thinning to the 
south. 
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A. 

B. 

CHIMNEY ROCK, CHEYENNE COUNTY, NEBRASKA. 

A, From the west. show1ng volcanic-ash bed; B, From the east, Gering sandstone on Brule clay (the horse is on a 
bed of volcanic ash). 
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B. 

GERING FORMATION, LYING UNCONFORMABLY ON BRULE CLAY, CHEYENNE COUNTY, NEBRASKA. 

A 1 Wtth conglomeratic beds, 4 miles northwest of Redington (the man's hand IS at 1he contact); R. 2 miles southwest 
of Chimney Rock . 
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The unconformity at 4,480 feet may be either in the Gering formation, 
separating it into two members, or at the base of the Arikaree forma-

·1 
~ Gray sand with pipy concretions .... 

" "" < 

____ 44751 

~ Pink clay ................... . 

\' olcantc ash ............. .. 

FIG. 220.-Section of Gering and associated formations in Cedar Canyon, 8 miles southwest of Gering, 
Nebraska. 

tion, here including coarse beds and a thin layer of nearly pure vol
canic ash. West of this vicinity the formation again thins rapidly, 

~ 
~ Gray sand with pipy concretions ........ {f-j~~~i~~(;;:~\ 
.E 
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Fine ~ay sand, few small concretions .. 

Volcanic ash .................. .. 
:; 
~ PIDk clay ............................. .. 

FIG. 221.-Section of Gering and associated formations at the mouth of Cedar Canyon, 7 miles 
southwest of Gering, Nebraska. 

and on the north side of the upper part of Cedar Canyon it bas the 
relations shown in fig. 220. 

19 GEOL, PT 4--48 
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One mile northeast of this exposure, in the high point at the mouth 
of Cedar Canyon, the formation is only doubtfully recognized with the 
relations shown in fig. 221. In other places to the west and north for 

some distance the formation is either 
absent or very thin and not well 
characterized. 

In the Scotts Bluff ridge west of 
Gering the Gering formation ha.s a 
thickness of 60 feet. It is finely ex

FIG. 222.-Section at Signal Butte, Scotts Bluff posed in the butte of which Scotts 
County, Nebraska. 

Blufi' is the north face, where its rela-
tions are as shown in fig. 225. Some of its features may also be seen in 
Pl. CII. Dome Rock exhibits 50 feet of the Gering formation, capped 
by a small mass of Arikaree formation. In the vicinity of Signal Butte 
the Gering formation appears to be represented by GO feet of lami
nated dark-gray sands or soft sa.ndston·e lyiug unconformably on the 
Brule clay, the unconformity being strongly marked. At the top of 
the butte there is a· cap of thin, hard, white, calcareous deposit, which 
extends widely in the vicinity. The relations are shown in fig. 222. 

The Gering formation is developed in places north of Darrington 
with the relations shown in fig. 223. The thickness is 50 feet, and the 
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FIG. 223.-Section of Gering and associated formations 2 mileii northeast of Dorrington, Nebraska. 

coarse basal beds lying unconformably on the Brule clay are finely 
exposed at several points. The formation also here contains a thin bed 
of volcanic ash near the top. 

Along the south side of the ridge from Dorrington to Ashford the 
formation is either absent or not characteristic. Near Funnel Rock 
the Arikaree beds lie unconformably on the Brule clay, as shown in 
fig. 224. In the region north-northeast of Ashford the Gering forma
tion is very distinct again for a few miles, especially high up in the 
canyons which are cut into the ridge. In two of these canyons the 
outcrop is marked by large springs. The relations in this vicinity are 
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0. 

F. 

A. At Courthouse Rock ; R . At Birdcage Gap ; 0, At Redington Gap ; D. 4 rr.iles south-southeast of Chimney Rock; E , 3 miles south-southeast of Chimney Rock; F , 1 mile south of Chimney Rock. 
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.A , At Ch1mney Rock; B, 3t miles southwest of Chimney Rock; C, At Sheep Mountain; D, At Cast le Rock. 
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represented at D, E, and Fin fig. 216 (p. 750). At D, high up a canyon, 
there is a fine exposure of 50 feet of coarse Gering beds lying uncon
formably on Brule clay and fairly sharply separated from Arikaree beds. 
AtE, farther down the canyon, similar relations are exhibited. At F, on 
the point at the mouth of the canyon, there is no trace of the coarse beds; 
the fine sand, similar to that of the Arikaree deposits but with smaller 
and more widely scattered concretions, lying directly on the Brule clay 
with faint unconformity apparent. Farther east, at Castle Rock, in 
Banner County, and in the prominent point lt miles west of this rock, 
tbe identity of the formation is not satisfactorily .established. The 
relations at these localities are shown in sections D and E of PI. CI. 
In the bluffs on the south side of the ridge, northeast of Redington, 

§ 

~ ~.·:. 
~ Gray sands wiih pipy concretions .. ~:~. 

j :::::~~:::·::: It{; 
Impure volcanic ash 8' ..... 

~ . <J Pink clay .......••...•.......... __ ., 
~ ~ 

Impure volcanic ash 41 • • • • • t4340 
1 

FIG. 224.-Section in vicinity of Funnel Rock, 1 mile north of Ashford, Nebraska. 

the Gering formation is again recognized. Its unconformity to the 
.Brule clay is often finely exposed in this vicinity, as shown in Pl. 
XCVIII, B. 

BRULE CLAY. 

This thick mass of sediment which underlies the greater part of the 
region consists mainly of massive clay or a mixture of fine sand and 
clay, of pale flesh color. It is widely exposed in the valleys of North 
Platte River and Pumpkinseed Creek, extends along the lower portion 
of the northern slope of Pine Ridge, and is bared in the narrow depres
sion of Lodgepole Creek and Sidney Draw. In the valley of the North 
Platte it is often widely overlain by alluvial deposits, and this also is 
the case to a less degree in the smaller valleys. Along the foot of Pine 
Ridge the formation is largely covered by wash and talus, and by a 
small amount of alluvium along White River and its tributaries. The 



756 GEOLOGY AND WATER RESOURCES OF NEBRASKA. 

formation underlies all the high table-lands, where, as shown in the 
sections of Pl. LXXXV, it is thickly covered by the later Tertiary 
deposits. Nortl! of Pine Ridge it bas been deeply eroded, and beyond 
a narrow zone of outcrops of the underlying Chadron beds the Pierre 
clay succeeds as the surface formation. There are extensive expos-

-r~ !Graysa::~~-t-~~~~-~e! ,Ill"" 
c ~ Volcanic ash .. iii 

"" Unconformity. ;;;;a ••••• -.,XJ.., 

Volcanic ash .. 

Volcanic ash .. 

. 'f;· 
~ Pink clay .•.......... 

~ 

FIG. 225.-Section of north face of Scotts Bluff. 

ures of the Brule clay in the northern face of Scotts Bluff, where, from 
the base of the overlying Gering beds to the river, there is a vertical 
interval of 500 feet of continuous outcrop, and the formation has a ~mall 
additional thickness below the level of the river. (See Pis. err, Cirr, 
and CrV.) Along the northern front of Pine Ridge the formation 
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SECTIONS OF EXPOSURES SHOWING THE RELATIONS OF GERING AND ASSOCIATED FORMATIONS SOUTH AND SOUTHWEST OF LARISSA, NEBRASKA 

A, 2f miles west of Larissa; 8, 2j mtles southwest of Larissa; C, 2 miles south-southwest of Larissa; D, 1 t miles west or Castle Rock , Banner County; E At Castle Rock, Banner County; F , 3 miles south of Larissa. 
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NORTH FACE OF SCOTTS BLUFF. 

Brule clay overlain by Gering and Arikaree formations. 
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averages 600 feet in thickness, but beginning near Crawford it gradu
ally thins to the east to about 350 feet in the vicinity of Chadron. In 
Round Top, just west of Adelia, there are 655 feet of Brule beds. 

g 
::; 

~ 
.8 Gray sand .;..ith pipy concretions .... 

j 
~ 

:;.-J~~~~---:-4390' 
Loose gray sands with clay and { g pebbly streaks. .. .. . .. .. . . .. .. .. .. ::::;;,;:~~~~:! 

1 ~.::~:::"~=~ ~~ 1m~llii~~ c 
Unconformity ........... .. 

Pure volcanic ash ......... . 

Pink clays ............. ·········--: 

! 
:; 
&:i 

Volcanic ash ............. .. 

L'gh< M-gnycloY'--------- •.• : { 

Sandstones ........................ . 

Greenish sands and sandy clays .... 

'C . 

,;I j G«o•Oh u•"-----------------···· 

Pierre shale (f) .................. . 

___ 4190' 

FIG. 226.-Section from Round 'l'op to Adelia station, Sioux County, Nebraska. 

In the region southeast of Gering the Brule formation contains or is 
underlain by a bed of coarse material which appears to extend several 
miles. It consists of coarse, cross-bedded sand and conglomerate lying 
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about 120 feet below· the top of the formation. The thickness varies 
from 10 to 80 feet, the thickest portion appearing in canyons and 
buttes 5 to 6 miles south of Gering. The relations in this vicinity are 
illustrated in fig. 216 (p. 750), and one of the finest exposures is shown 
in Pl. CV, B. There are other exposures north of Larissa and northeast 
of Chimney and Castle rocks, as shown in sections A and D of Pl. C. 
In the area near Larissa and south of Gering there is also associated 
a thin bed of very compact limestone, which again outcrops north of 
Sunflower. . 

In the bad lands about Adelia station on the Burlington and Mis
souri River Railroad there are extensive exposures of the Brule and 
associated formations. (See Pis. CVI and CVII and fig. 226.) 

J!··~r..:-~~::'~ ~·~~~1§1;~6,.,.,....., .... 3720' 

~~sa;,~\~'i=-~~~~~~-~~~ ~:~\ :;·.·,;: '),',.'(\~·'.),:::':':·_.-:;· ;:; :.,','',·',_','·'·::_."::·:::·,.:\ 

~ 

Unconformity ....•• 

V olcanlc ash ....••• 

~ 
~ Pink clay •....•....•••••••• 

~ 

•• 

FIG. 227.-Section at Chadron, Nebraska. 

This section closely resembles the typical section in the Big Bad 
Lands in South Dakota, but appears to include some higher beds. The 
alternation of greenish and pinkish clays wi~b brown nodular layers 
lying on the Chadron sands is similar to the Oreodou series and yields 
many of the same mammalian .remains. The sandstone next above 
probably represents the 1\ietamynodon series, and in it was found a 
fragment of a tooth, probably of Metamynodon. The overlying clays 
can be less definitely correlated, especially those toward the top, which 
I believe are higher than the highest beds represented in the Big Bad 
Lands. They contain two beds of volcanic ash, the upper one 12 feet 
thick, of nearly pure material, in flat, glassy scales, not so vesicular as 
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BAD LANDS AT THE FOOT OF SCOTT S BLUFF ; GENERAL VI EW, SHOWING FRAGMENTS OF THE PLAIN FROM WH ICH THE BAD LANDS WERE ER OD ED. 

North Platte River ln the distance 



U. S. GEOLOGICAL SURVEY NINETEENTH ANNUAL REPORT PART IV PL. CIV 

BAD L AN DS AT T HE FOOT OF SCO TTS BLUFF: NEAR VI EW. 



DARTON.] CH.ADRON FORMATION AND PIERRE CLAY. 759 

usual. .Along the eastern extension of Pine Ridge the intermediate 
beds, those extending from 4,000 to 3,725 feet in the Round Top sec
tion, soon thin out and the Chadron formation is overlain by the flesh
colored clay, with its volcanic ash layer 11ear the top. A section at 
Chadron is given in fig. 227. 

CHADRON FORMA'l'ION. 

This basal formation of the Tertiary series outcrops in a narrow zone 
along the lower slopes north of Pine Ridge, just outside the margin of 
the overlying B1'ule clays. There is also a small area of outcrop in the 
valley of North Platte River in the vicinity of Caldwell. The deposits 
have heretofore been known as the " Titanotherium beds," from the 
frequent occurrence of remains of several species of a large mammal 
which has been named the Titanotherium. As the large bones and 
peculiar teeth of this animal are very distinctive features, an illustration 
of a sk~leton is reproduced in Pl. CVIII, to aid in identification of the 
formation. The predominating material of the formation is sandy clay 
of light greenish-gray color, usually with coarser beds at the bottom, 
including deposits of gravels often several feet thick. The beds above 
these gravels are often of bright dark-red color, notably in the region 
about Adelia. The thickness of the formations varies from 30 to 60 feet 
in the outcrops along the foot of Pine Ridge. It thickens considerably 
in the vicinity of Adelia, where there are included some masses of dark 

·gray and buff sandstone of coarse texture. .At many points around 
its outer margin the Chadron sands may be seen lying on the irregular, 
black or generally rusty surface of the Pierre shale. 

PIERRE CL.A. Y. 

The entire region to which this report relates is underlain by the 
Pierre clay, a thick mass of dark-colored clays or shales constituting 
the upper member of the Cretaceous formations in some portions of the 
Plains. Possibly under the southwestern corner of Nebraska the Ter
tiary formations are underlain by the edge of the Laramie formation
a series of ~:mudstones higher in the Cretaceous-but of this there is at 
present no evidence. The Pierre shale outcrops in the northern por
tion of Sioux and Dawes counties, as shown in Pl. LXXXIV. The sur
face of the formation rises somewhat with the general upward slope 
of its beds toward the Black Hills uplift, and it is exposed by the ero. 
sion which has removed the Tertiary formations over the lowlands 
extending from the valleys of White River and Hat Creek to the. foot 
of the Black Hills. The dark shale gives rise to a rolling region of 
scant vegetation and poor water supply. Exposures are frequent, and 
the dark-yellow or rusty surfaces due to the oxidation of the iron 
pyrites in the shale are characteristic features of the area. 

Distinctive fossils of numerous marine mulluscan species are abuu- · 
dant in the Pierre clay. 'fhe fossils are often preserved in concretions 



760 GEOLOGY AND WATER RESOURCES OF NEBRASKA. 

of gray siliceous matter of lenticular form, which abound in the upper 
portion of the formation. The precise thickness of the Pierre shales 
is not ~nown, but it probably exceeds 2,000 feet. 

NIOBRARA LIMESTONE. 

The Pierre shale is underlain by the Niobrara limestone, but this 
formation does not reach the surface in th~ portion of Nebraska west 
of the one hundred and third meridian. As, however, it would be 
reached by deep borings for artesian water, some of its characteristics 
sh-ould be pointed out. Its thickness is about 50 feet. It eousists 
mainly of a massive dark-gray chalk or soft limestone, which weathers 
to a buff or light-cream color when exposed to the atmosphere. The 

·formation can be readily recognized by the very distinctive fossil Ostrea 
congesta, which is nea~Jy always present in abundance in thin bard lay
ers. In order to aid the well driller in identifying this formation in 
borings, an illustration of this fossil is introduced in Pl. CIX. 

BENTON FORMA'.riOX. 

Underlying the Niobrara limestone and abruptly separated from it 
are the Bento.n shales, which have a thickness of 600 or more feet. 
They contain thin layers of saudstone and Iimm:tone; one of the latter, 
about 400 feet above the Dakota sandstone, is filled with the Inocera
mus shown in Pl. CIX. The formation lies far below the surface along 
the South Dakota line, but outcrops extem;ively in the vicinity of 
Edgemont, having the relations shown in fig. 228. 

DAKOTA SANDSTONE. 

This is the water-bearing sandstone of South Dakota and northeast
ern Nebraska, and it und~rlies all the region to which this report 
relates. It is a gray or brownish sand rock, occurring in thick beds, 
with intercalated lenses of shale or clay and occasionally thin seams 
of coal. Its relations in the northern part of the area are shown in fig. 
228 and Pl. LXXXIII. Its lower beds are of Lower Cretaceous age. 

VOLCANIC ASH. 

In studying the geology of this region it was found that several for
mations contained extensive deposits of volcanic ash. Some of this 
material was found in the Chadron formation, two very widespread 
beds occur in the Brule clay, lenses of the ash are often included in the 
Gering formation, and there is a general admixture of ash as well as a 
number of thick beds of it in the Arikaree formation. So far as 
observed, it is rare in the OgaJlala formation. In the central and east-

. ern portion of the State it occurs mainly in the lower portion of the 
loess. 

The ash deposits are usually more or less mixed with clay or sand, 
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A. CASTLE ROCK, SCOTTS BLUFF COUNTY, NEBRASKA, FROM THE EAST, SHOWING BED OF 
VOLCANIC ASH NEAR THE FOOT OF THE SLOPE. 

]). LENS OF COARSE MATERIAL IN BRULE FORMATION, 4 MILES SOUTH OF GERING, NEBRASKA. 
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BAD LANDS OF BRULE FORMATION , WEST OF ADELIA , SIOUX COUNTY, NEBRSAKA. LOOKING NORTHWEST. 

( From photograph by E. H. Barbour, University of Nebraska.) 
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but there are many beds in which the deposits are thick and pure. 
They promise to have considerable commercial value, mainly for polish
ing powder. 

The most persistent layer is in the Brule clay, at an a-verage distance 
of about 70 feet below its top, in the ridge next south of North Platte 
River. This bed is shown in Pis. XCVII and OV, A. A lower bed, 
usually much less pure, occurs from 80 to 100 feet below the upper one. 
On the north side of Pine Ridge these two horizons are recognized in 
some of the higher beds in Sowbelly Canyon and at Round Top and 
near Chadron, as shown in figs. 226 and 227. The volcanic ash occur
ring in the Gering formation is usually restricted in extent and variable 
in relations. It is, however, often exceptionally pure. 

The Arikaree formation contains a sprinkling of ash almost through
out its extent. In some of the bluffs southwest of Gering a thickness 
of 100 feet of sandy clays of this formation was observed which con
tains a fairly large proportion of ash. In the high isolated butte 3 
miles west by south from Larissa there is a 15-foot bed of nearly pure 
ash, with pipy concretions scattered through it, in the midst of the 
Arikaree formation. In Wild Oat Mountain beds of ash were found 
at intervals nearly to the cap of the Ogallala formation. The formation 
contains a large admixture of ash in the vicinity of Fort Robinson, and 
again at Round Top, near Adelia, as shown in fig. 226 (p. 757). 

The ash in these formations was probably derived from volcanoes in 
the Rocky Mountain region, for there is no evidence of Tertiary vol
canoes in the vicinity. The ash was undoubtedly borne on the winds 
and deposited in the waters which laid down the several Tertiary 
formations. When the ash caine in large volume, or there was very 
little other sediment, pure deposits resulted, but ordinarily there was 
considerable admixture of the fine sand and clay. 

UNDERGROUND 'VATERS. 

GENERAL CONDI1'IONS. 

The relations of undergrom~d waters in this region present a variety 
of features. In many loca.Iities there are large supplies at moderate 
depths, and in other places the amount of waters in reach of the aver
age farmer is so small as seriously to interfere with the settlement of 
areas of considerable extent. This has been particularly the case where 
large volumes of water were needed for cattle. The greatest difficulty 
in obtaining water has been in the area of the Brule clay back from the 
rivers and in the region underlain by Pierre clay. In the fiats adjoin
ing the river in the Platte Valley and in the Lodgepole Valley water 
supplies are usually obtained in wells from.10 to 40 feet in depth. On 
the table-lands on both sides of the Lodgepole Valley waters are obtain
able in large volume from wells from 150 to 300 feet deep, the depth 
increasing gradually westward. In the Niobrara Valley supplies of 
water are obtained from shallow wells in the narrow strip of alluvial 
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deposits near the river, and farther back on the table-land plenty of 
water is found at depths varying from 50 and 100 feet on the lower 
slopes to 300 feet in some of the highest areas to the northwest. In 
the sand hills water accumulates in basins at moderate distances below 
the surface, so that shallow wells ordinarily obtain satisfactory supplies. 

Along the outer edge of the Brule clay area north of Pine Ridge 
water is usually found in the underlying Chadron sands. In Pl. CX 
are shown the depths to water supplies in the western Nebraska region, 
based· on observations of the water l.3vel in wells and springs and 
determinations of the geologic relations of the water-bearing formations. 

WATER HORIZONS. 

In the alluvial formations along Platte, Niobrara, and White rivers 
and Lodgepole, Pumpkinseed, Snake, and Hat creeks, and some of 
their branches, the water supply constitutes an underflow. Along the 
Platte this underflow i~ of large volume, but in some areas the water is 
somewhat alkaline. In the Pumpkinseed Valley at some localities, and 
in the greater portim'l of the White River and Hat Creek valleys, where 
they traverse the Pierre shales, these water supplies are often unsatis
factory both in quantity and in quality. 

The next horizon is at the base of the Ogallala formation, which sup
plies water for many wells on the table-lands on both sides of the Lodge
pole Valley at depths varying from 100 to 300 feet. The volume of 
water appears to be large at nearly all localities. At some places the 
waters are obtained high'up in the formation, but the principal supplies 
are in the basal beds. At many points along the northern margin of 
the table these waters flow out into the canyons as springs of greater 
or less force, of which the most noteworthy are those on Greenwood, 
Middle, Hacksberry, and Bighorn creeks, in Lawrence Fork Canyon, 
and at Gabe, Long, and Duggers springs. 

The Arikaree formation is a general reservoir for water which is 
nearly everywhere available in the table-lands lying between the valley 
of North Platte River and the crest of Pine Ridge. In some areas it 
is necessary to sink wells to the base of the formation where the mate
rials are rather coarser than those higher up, but ordinarily the higher 
beds yield satisfactory supplies. These waters flow out at the surface 
in springs of greater or less magnitude in many canyons along the front 
of Pine Ridge; at a few widely scattered points in the Niobrara Valley, 
notably at Coyote Spring and at Royville; in the Snake Creek Val-· 
ley, at Point of Rock Spring and Mud Spring; and along the north 
slope of the Platte Valley, at the spring near the head of Sheep Creek 
and the springs near the beads of Red. Willow and Indian creeks. 

The Gering formation contains water throughout its area, but it does 
not appear to be reached by many wells. Numerous springs on the 
ridge south of North Platte River :flow from this formation at the sur
face of the Brule clay. .Along the front of Pine Ridge there are a 
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number of springs which flow out of these beds, and possibly some of 
the deeper wells on the summit of Pine Ridge obtain their water from 
this horizon, but ordinarily ample supply is reached at a less depth in 
the overlying Arikaree formation~ 

The B1;ule clay immediately underlies a wide area of the high slopes 
of the North Platte and Pumpkinseed valleys and yields water sup
plies to many wells. It is known as" hardpan" to the well drillers. In 
most cases, however, the volume of the water is smal1, and its quality 
is often unsatisfactory. N umerotis abandoned· houses in these valleys 
usually indicate that prospective settlers have been unable to obtain 
water supplies at moderate depths from the 'Brule clay. Where water 
occurs it is in crevices and fissures, which traverse the clay at moder
ately frequent intervals, but the volume of water depends on many 
factors, and there is seldom a good chance to obtain a large supply. 
In the area north of Pine Ridge the wells usually penetrate through 
the Brule clay into the underlying Chadron sands, which almost inva
riably contain fairly large volumes of water. It is a source of supply 
to a number of farmers and ranches. The water is not always of sat
isfactory'quality, and in the wells at Adelia and·crawford it has been 
found unsuitable for locomotives. This formation underlies the Brule 
clays in the Platte and Pumpkinseed valleys, and probably would . 
often yield water there to wells a few hundred feet in depth. Some 
years ago a well was sunk at Gering to a depth of 331 feet, which 
obtained a promising flow of water, possibly from Chadron sands. 
Owing to the small size of the pipe and certain accidents in boring, 
the well did not continue to flow, aud clogged up so tltat it was a 
failure. As water supplies are particularly scant in the region about 
Gering and in the valleys to the south, it is very unfortunate tltat this 
boring was not given a fair trial. At Harrisl.mrg, on the south slope 
of the Pumpkinseed Valley, a boring bas recently been made to a 
depth of 790 feet without obtaining a flow. Judging from the small 
samples of the borings which were seen, the well passed tlnongh the 
Chadron sands, but it did not obtain a sufficient supply of water. As 
the altitude of the boring is 4,500 feet, or 600 feet higher than Gering, 
it was not to be supposed that the sands would here yield a surface 
flow. Below the Chadron sands there is a great mass of upper Cretace. 
ous shales. It is not known whether the edge of the sandstone of 
the Laramie formation extends into southwestern Nebraska under tlle 
Chadron sands, but if it does, we should expect it to yield a water sup
ply that would rise to an altitude of about 4,500 feet. In the Pierre . 
shale there are no chances for water. In the area in which t.bis forma. 
tion is at the surface, in northern Sioux and Dawes counties, great 
difficulty bas been experienced in obtaining water supplies for local 
use, and the water found bas generally proved to be of unsatisfactory 
quality. 
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DEEP-SEATED W .A.TERS. 

In the older formations which underlie Nebraska there are wide
spread sheets of permeable deposits which carry large volumes of water. 
In the region to the west these deposits l~e at a great depth, and many 
of the higher lands are probably above the level to :_which the waters 
would rise to afford surface flows. Owing to the failure of any boring 
in the central and western portion of the State to reach the deep-seated 
water-bearing beds, there is lack of definite knowledge as to their depth, 
but there can be no doubt of their presence. The section constituting 
Pl. LXXXIII illustrates the general relations of the two principal deep 
water-bearing formations-the Dakota sandstone and the Carboniferous 
and underlying limestones. In eastern South Dakota the Dakota sand
stone yields to many wells large volumes of excellent water under high 
pressure. In eastern Nebraska, where the formation approaches the 
surface, it is also the source of w:;tter supply, at first to wells of mod
erate depth and then to innumerable springs. The Carboniferous and 

SRULECI.AY 
CHADRON SAND 

N/OSRARA 

SEA-LEVEL_._ 

FIG. 228.-Section from Black Hills to Pine Ridge. 

underlying formations yield water to numerous wells between 650 and 
1,500 feet deep in eastern Nebraska, Iowa, etc. These waters pass into 
the formations along the foothills of the Black Hills and the Rocky 
Mountains at altitudes of from 3,000 to 6,000 feet in greater part, and 
have considerable pressure and head far to the east. This pressure 
and head, however, gradually decrease as the formations reach or 
approach the surface, the water then being free to escape. The waters 
in the Dakota sandstone lose their head entirely in eastern Nebraska, 
where the formation outcrops. The waters in the underlying Carbon
iferous limestones and older formations retain a moderate amount of 
head throughout Nebraska. Some of the factors bearing on the occur
rence of these deep underground waters are shown in Pl. CXI, and in 
Pl. CXII are shown some of the conditions of occurrence of the waters 
in the Carboniferous and underlying· formations in the vicinity of 
Omaha, Nebraska. It will be seen in Pl. CXII that the head is rela
tively constant near 1,100 feet above sea level over a wide area about 
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Omaha, but there is a slight rise to the west even in a few miles. · At 
Lincoln it is 1,210 feet above sea level. The increase of head and pres
sure to the west and northwest is gradu:::-.,1, for the distance is great, but 
the amount becomes large as the Black Hills and .Rocky Mountain 
zones of intake are approached. In Pl. CXI :figures are given showing 
the .altitudes along these zones and along the outcrop areas east which 
will afford some idea of the head to be· expected in the intermediate 
region. In the diagram, :fig. 229, there is shown a piece of physical 
apparatus which illustrates the gradient of head between a leak on 
the one hand and the source of pressure on the other, representing 
closely· the relations which have been found to exist in the South 
Dakota artesian basin and probably prevail in a measure also in cen
tral and eastern Nebraska, where the head of the deeper-seated waters 
diminishes eastward. 

Data are not sufficiently definite as yet for a precise determination of 
this gradient of head across western Nebraska, but it is apparent that 
in some of the valleys westward the head is probably higher than the 
altitude of the land, so that there are prospects for surface flows. 

·-. 
.. .................... ... 

·-. 

FIG. 229.-Diagram of apparatus illustrating the declivity of head ofliquids :flowing from a reservoir. 

In order to reach the deep-seated waters in western Nebraska it is 
necessary to penetrate the Tertiary formations, the Pierre clay, the 
Niobrara limestone, and the Benton shale, to the Dakota sandstone, 
which should be expected to yield a large supply of excellent water. 
An attempt was made to reach this horizon in a deep boring at Chadron 
some years ago. A depth of 1,100 feet was attained, when the boring 
was abandoned owing to great difficulty in penetrating the Pierre shale. 
More recently an attempt has been made at Ardmore by the Burlington 
and Missouri River Railroad, which attained a depth of 1,500 feet appar
entlywithoutreachingthe bottom of the upper Cretaceous shales. These 
shales can be penetrated only by skillful well drillers, a~1d it is necessary 
to begin with casing 12 or 14 inches in diameter at the top, as the size 
will have to be reduced occasionally as the boring progresses. The 
depth to the Dakota sandstone at Crawford will probably prove to be 
2,000 feet, and in the valley of North Platte River the amount may be 
somewhat more. There is possibility of obtaining a flow in these local
ities, although the a:ltitude is somewhat greater than that of the Dakota 
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sandstone outcrops along the southern margin of the Black HilJs. It 
is to be expected that the pressure of water in the Dakota sandstone 
would increase to the southwest toward the Rocky l\iountains. 

Underlying the Dakota sandstone, with a series of gray and red 
sandstones intervening, are the limestones of the Carboniferous age, 
which contain water in considerable volume and with somewhat 
greater head than the waters in the Dakota sandstone. These are 
the same beds as those yielding flows in the :Missouri Valley about 
Omaha, and there is fair reason to believe that they would prove a 
satisfactory source of water supply in other portions of Nebraska. 

SPRINGS. 

Several of the water-bearing formations reach the surface along the 
valley slopes, where their outcrop is marked by the presence of springs. 
The location of the greater number of these springs is shown in Pl. OX. 
The Arikaree formation in the high area north of the valley of Platte 
River supplies numerous springs, notably along the northern front of 
Pine Ridge. The basal beds of the Ogallala formation also yield springs 
in the canyons south of the valley of Pumpkinseed Creek, and along both 
sides of the valley of Lodgepole Creek. The most extensive series 
of springs is along the north front of Pine Ridge, at the base of the 
Arikaree formatior,t and from the underlying Gering sands. All of the 
larger canyons contain springs of considerable volume, often at a 
succession of levels. Sowbelly Canyon is particularly favored in this 
respect, but the other valleys, from Jim Creek to Chadron Creek, also 
have good water supplies from these sources. Even on Round Top there 
is a fine spring just above the top of the Brule clay bad lands. In the 
Brule clay area springs are rare and the volume of water is small. In 
the underlying Chadron beds there is more or less water at all points, 
which gives rise to seeps and springs along the outcrop zone of these . 
beds north of Pine Ridge. In the Pierre shale region, next northward, 
springs are rare, superficial in origin, small in volume, and usually 
highly mineralized with iron, gypsum, or alkalies. A characteristic 
spring in this area is shown in Pl. CXIII. This view shows the opening 
from which the water emerges and the thick crust of alkali which bas 
been deposited. 

Along the Niobrara Valley there· are occasional springs, mainly in 
the immediate vicinity of the river. Whistle Creek practically heads 
in Coyote springs, at an altitude of 4,520 feet, in the center ofT. 27, R. 
53. The more important springs along the northern side of the valley 
of Platte River are East spring, Spotted tail spring, Wind spring, Win
ter spring, the springs near the head of Sheep Creek, and those at the 
head waters of Red Willow and Indian creeks. They are derived from 
the lower portions of the Arikaree formation, except tlle Spottedtail 
and Winter springs, which emerge from a.Uuvium in valley bottoms. 

In the ridge between Platte River and Pumpkinseed Creek there are 
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numerous small springs at the heads of some of the larger canyons 
which yield excellent water. Their distribution is shown in Pl. OX. 
The water is derived mainly from the Gering sands at their contact 
with the Brule clay". 

The Pumpkinseed Valley is excavated entirely in the Brule clay and 
its lower springs are derived from the alluvial deposits in the valley. 
This is also the case with springs on Willow Creek and Middle Creek. 
In the canyons along the north front of the high table-land south of 
Pumpkinseed Creek there are numerous springs, which yield moderate 
amounts of water, mainly from the base of the Arikaree formation, 
and where this deposit is absent, from tl1e base of the Ogallala forma
tion. These springs are known as Gabe spring, and Long spring 
southwest of Harrisburg, and Duggers spring south of Courthouse 
Rock. 

There are a number of springs along the valley of Lawrence Fork, 
notably one 2 miles south of Redington, which yields a large flow of 
excellent water. This flow, however, sinks east of Redington and 
reaches Pumpkinseed Creek under ground. 

FIG. 230.--Ideal section to illustrate some characteristic features of springs in western Nebraska. 

In Lodgepole Valley springs are very rare except at points where 
the creek itself, having sunk into the alluvial materials in the bottom 
of the valley, comes out again to flow on the surface for some distance. 
The best-known spring of this creek is at the "Spring farm" just east 
of Bronson. · Two small springs in Sidney Draw furnish a moderate 
amount of water. 

The springs in this region generally occur under two conditions, 
which are illustrated in fig. 230. On the left-hand side of the section 
there is shown the typical spring flowing out of sands, A, at their 
surface outcrop in a canyon or at the base of high lands. The water 
gathers from rainfall at a greater or less distance away and sinks under
ground into permeable beds, throug~;vhich it travels to emerge as a 
spring at lower levels. There are marly cases, particularly in arid and 
semiarid regions, where the volume of a rivulet or stream is so small 
that after running over the surface for some distance the water will 
sink into the coarse materials which usually lie in the bottom of a valley, 
as at B. It may then continue as an underflow and emerge in places 
as a spring of the type shown at 0 in the middle of the section in fig. 
230. This occurl'l frequently in the region and is the nature of some of 
the low-level springs above described. 
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STREAMS. 

NORTH PLATTE RIVER. 

This stream traverses the central portion of the area and, although 
it is shallow during the greater portion of the year, carries a rela
tively large body of water. Its flow is subject to seasonal variations, 
ranging from a wide, deep torrent in late spring and the first month 
of summer to a shallow, irregular network of streams flowing among 
sand bars in the later summer and autumn. It has been estimated 
that at Gering the North Platte drainage area is 24,340 square miles; 
at Camp Clarke about 24,830 square miles; and at North Platte 28,517 
square miles. The details of river measurements at these three points 
are given in Water-Supply and Irrigation Paper No. 15, on pages 85, 
85, and 86, respectively, and the results of computations of discharge 
on pages 308 to 310 of the present volume. Reference should also be' 
made to the data given in Part IV of the Eighteenth .Annual Report of 
this Survey on pages 153 to 158, inclusive, and in Bulletin No. 140, on 
pages 99 to 102. · 

Estimated monthly dischm·ge of Nm·th Platte Ri1;e1· at Camp Clarke, Nebraska. 

i=-----D-at_e. ________ 
1
_M_a_x_im_u_m_. ~ Minllnnm. MMn. I 

1896. Second-feet. Secondfeet. Secondfeet. 

June 28-30 _ .. ___ ......... ___ .. __ . _ ...... -. _ 4, 100 

July 1-31 . __ ............ _. _ ... _ ........... - 2, 386 

August 1-31 ............... __ .. _.... . . . . . . . . 1, 316 
September 1-30 ........ _____ . ___ .... _ ... _ . . . 1, 186 

October 1-31 .... _ ..... _ ... ____ .. ____ ... ___ . 1, 290 
November 1-8 .. ____ .. ______ . __ ... ___ .·...... 1, 238 

1897. 
.January .. __ .. _ ..... _ ..... _ .... __ ....... - - . -. . 2, 404-
}"'ebruary __________ ...... ---- ________ ------

1\farch .. _ ... _ ... ___ ............... _ .. - ..... . 
April ____ . _____ . _________________ . ___ . __ . _. 

1\fay ..... _ . __ ...... - .. ____ ................• 

June_._ ... _ .. --- .. - .. -- .. ---. ------ --------

July _____ ------------------------------ .... 

August.---------------------------- .... ----
September .. __ ..•..... _ ..... _ ... ___ ... __ ..• 

2,404 

2,223 

8,390 

10,540 

11,400 

4, 305 

2,042 

580 

3,102 

977 
628 

738 

875 

706 

2,042 

1,567 

450 

1, 567 

6,885 

4,520 

930 

580 

400 
October .. _ . _ ...... ___ .... ___ . . . . . . . . . . . . . . . 580 350 

I ~:::::: :::::::::::::::::::::::::::::::::; :::::::::: :::::::::: 
a Approximate. 

3,508 

1,554 

924 

939 
1,008 

1, 091 

2, 287 

2,253 

1,299 
3,649 

8,688 

7.401 

2,147 

1,066 

492 
484 

~ 
A large volume of the water is taken out of the river at intervals 

in Scotts Bluff and Cheyenne counties by the various irrigation canals, 
so that the reports at Gering and Camp Clarke do not indicate the 
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total volume of water which enters the State from the west. It should 
be borne in mind also that under the bed of the river there is consider
able thickness of coarse sand· containing an underflow of which the 
volume is far greater than that flowing on the surface in dry weather. 

North .Platte River receives a number of minor branches between the 
mouth of Pumpkinseed Creek and the Wyoming line. They head in the 
high. ridge to the south, and in the edge of the high table-land on the 
north. With the exception of Horse Creek, their surface waters do not 
extend to the river, and some of them usually are entirely dry to their 
heads. There is, however, generally a small underflow through the 
coarse materials in their beds. The largest volumes of Fater are from 
the north, in Dugout, Indian, Red Willow, vVinter, Spotted tail, and 
Sheep creeks. These all head in living springs high up in the canyons, 
but the waters run only a short di~tance and sink into the coarse mate
rials, where their volume as underflows is probably not large. Very 
little water flows out of the ridge extending from Courthouse Rock to 
the head wat~rs of Kiowa Creek, and except in the heads of a few 
canyons where there are springs, the valleys are dry and appear to 
have but scant underflow. Horse Creek carries a moderate volume of 
water from some high ridges in W yo min g. 

PUMPKINSEED CREEK. 

The wide valley of Pumpkinseed Creek is traversed by a small stream 
which heads in the northwest portion of Banner County, in springs and 
seeps which gather considerable volume in the vicinity of Ashford. 
Additional supplies are received to the east, but the stream increases 
in size very gradually. It enters North Platte River near Lapeer. 
Some gagings made near its mouth were as follows: -

Second-feet. 
July 26, 1894 ............ _... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17. 1 
June 28, 1896 .................................................... 22. 2 

The stream has numerous branches, but these contribute only surface 
water during the more rainy portion of tlw year. They nearly all have 
underflows of small volume, for their beds consist of gravels and sands 
into which the water sinks to the "hardpan" floor, and, moving slowly 
under ground, adds materially to the volume of the underflow of the 
main creek. The principal afiluent is Lawrence Fork, which contains 
a considerable volume of water in Ts. 17 and 18, R. 52, but this water 
finally sinks during th~ summer and flows under ground for 2 miles to 
join the main creek near Redington. The other branches-Greenwood, 
Hackberry, and Bighorn creeks, Indian Springs, and Willow Creek
all contain some water in the upper portions of their valleys, but this 
water sinks into the coarse material of the valleys before it reaches 
Pumpkinseed Creek. The branches from the north are dry couiees in 
greater part. They contain water from very small springs in the 
vicinity of their heads. 

19 GEOL, PT 4--49 
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LODGEPOLE CREEK. 

The waters of Lodgepole Creek rise in Wyoming and, gradually 
gaining volume, enter Nebraska with a flow which, in August, 1895, 
was found to be 3.5 cubic feet a second. At about the same time the 
creek was found to flow 4 cubic feet a second at the north-south line 
between sees. 34 and 35, T.15, R. 57. The volume varies greatly from 
point to point, but there appears to be a good underflow. For portions 
of its course the entire volume of the stream is diverted into irrigation 
ditches. In summer the creek becomes perfectly dry from the vicinity 
of sec. 28, T. 1.5, R. 54, for about 12 miles, to a point near the south line 
of sec. 4, T. 14, R. 52, where the water again appears, running 2t cubic 
feet a second at first, and then at a dam one-half mile below 4 cubic feet 
a second. There are in this vicinity many short ditches which take all 
or the greater portion of the water and leave the creek dry below the 
dam in the SE. i sec. 14, T. 14:, R. 51. It continues dry through sec. 
13 and nearly through sec. 19, but near the east line of sec. 19 the 
water again ris~s to the surface and flows 2 cubic feet a second for a 
short distance. Then the creek is dry nearly to sec. 36, T. 14, H. 50, 
where there is a flow of about one-half a second-foot, which is diverted 
into irrigation ditches. . 

All these measurements were made in August, 1895, by lVIr. Adna 
Dobson, as given in the first report of the State board of irrigation 
for 1895 and 1896. A measurement of the Lodgepole made at Kim ball 
by Mr. Youngfelt on June 26, 1896, indicated 4.5 second-feet. 

Several tributaries empty into the valley of Lodgepole Creek, but 
they do not contain flowing waters except in times of freshet. The 
principal one is Sidney Draw with its two branches, heading in the 
high table-land far westward in Kimball County, south of Lodgepole 
Valley. The branches which empty into Lodgepole Creek from the 
north head in high table-lands a short distance back and descend to 
the valley as dry coulees with steep declivities. Some contain under
flows from springs which ordinarily do not have sufficient volume to 
reach the surface. 

SNAKE CREEK. 

Snake Creek is a stream which heads in the southeast corner of Sioux 
County, mainly among the sand hills, and flows in a very shallow valley 
over the table-land north of the valley of North Platte River. It 
receives waters from various springs, but its flow over the surface is 
intermittent and the volume of water relatively small. Its principal 
branch is from the north, known as Point of Rocks Creek, which con
tains a spring of fair size, but flows mainly under ground. 

NIOBRARA. RIVER. 

This stream flows in a relatively shallow depression in the summit of 
the high table-lands lying between North Platte and White rivers. It 
enters Nebraska from Wyoming, and is a fine running stream of con-
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siderable volume tbroughout Hs course. For this reason it was called 
by the Indians Niobrara, meaning "running water." This translation 
is 1-'till much in use, and the French equivalent, '' L'eau qui court," is 
occasionally heard. 

We have only two reports on the volume of the river, one of gaging 
made by Mr. E. T. Youngfelt, June 23, 1896, at Marsland, where the flow 
was found to be 4 second-feet, which seems incredibly small, and the 
other, a measurement made by Prof. L. E. Hicks in range 51, Dawes 
County, of 98 second-feet on September 4, 1887 . 

. The principal branch which this stream receives in western Nebraska 
is Whistle Creek, a flowing stream of small volume which herc,ds in 
Coyote Springs. The other branches are very small and do not have 
flowing water at the surface. 

WHITE ltiVER. 

The valley, heading in Pine Ridge a short distance east of Harrison 
and opening diagonally out of the high lands near Crawford, contains 
the head waters of White River. From its head springs, near Andrews, 
it is a running stream whieh gradually increases in volume to the north
east and becomes a prominent river before leaving Nebraska. During 
the greater part of 1897 a gaging station was" maintained at Crawford, 
Nebraska, the results obtained being given on page 2!J9 of this volume. 
The following gagings by Mr. E. T. Youngfelt indicate the volume of 
the White River in early summer and the rate of flow of a number of 
its branches at various points: 

Dischm·ge rneasnrements of White Rit;m· and some of its branches. 1 

I St D t L 1' Discharge 
1---------re_a_m_. ______ .. , _____ a_e_. ___ , __________ ?_ca-t-t)_'· ________ ,_P_e_r_se_co_n_d_., 

White River. __ .... --- June 24: 1896 Sec. 23, T. 31 N., R. 53 'V __ _ 
Do _. ___ .............. do . . . . . . Crawford . __ ..... _ ... __ .. . 
Do .............. Jnne 25,1896 Whitney··---------------· 
Do ...... ---- .... June 1,1891 Chadron ................. . 

Soldier Creek ...... _ .. June 24, 1896 Fort Robinson ........ __ .. . 
White Clay Creek ......... do ....•. N. line sec. 2, T. 31 N., R.. 

52W. 
Fort Robinson Ditch ....... do ...... Fort Robinson.·----- ..... . 
SquawCreek .............. clo ...... N.lineMec.l, 'f. 31N.,R. 

5~W. 

West Ash Creek ...... June 25,1896 N.line sec. 25, T. 32 N., R. 
51 w. 

East Ash Creek.---~-- _____ do ...... Half mile above mouth .... 
Little Cottonwood ..... do·----- Sec. 7, 1'. 32 N., R. 51 \V ... 

Cubic feet. 

23.30 
30.70 
27.20 

123.00 
3.23 
4.00 

• 79 
.66 

1. 73 

1. 09 
.10 

Creek. 
BigCottonwoodCreek ..... do ...... 6 miles west of Whituey ... 

1 

-~? I 
L-r_n_d_ia_n_c_r_e_e_k_._--_-_·_·_··_-L·_-_··_·_d_o_._·_·_--_-L_N_e_a __ rm_o_n_t_h_._·_·_--_-_·_-·_·_·_--_·_·_~_~ 

J Eighteenth Ann. Rept. U.S. Geol. Survey (for 1896--97), Part IV, 1897, p 193. 
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White River receives numerous branches from the deep canyons in 
the north face of Pine Ridge between Glen station and Chadron, nota
bly from Wbite Clay, Ash, Indian, and Chadron creeks. Its principal 
affluent on the north side is Soldier Creek, which heads in T. 3~, R. 54, 
and furnishes a considerable volume of water, in part used in irrigation 
at Fort Robinson. Little Cottonwood, Big Cottonwood, Lone Tree, 
and Rush creeks are the principal branches from the north and west. 
They furnish but small amounts of water and are usually in greater 
part dry during midsummer. 

HA.T CREEK BASIN. 

Hat Creek and its numerous branches head in deep canyons along 
the north face of Pine Ridge from Round Top to the Wyoming line. 
A large amount of water is supplied by the head streams, notably Hat 
Creek anJ;l Sowbelly, Prairie Dog, Monroe, Warbonnet, and Jim creeks, 
but the amount diminishes rapidly by evaporation as the edge of South 
Dakota is reached. The branches which head among the low hills 
north of Pine Ridge contain water only in the rainy portion of the year. 

IRRIGATION. 

There is in this region considerable acreage under cultivation with 
the assistance of irrigation. There are extensive canals along the val
ley of North Platte River, several ditches along White and Niobrara 
river~, and local arrangements for irrigation have been made in some 
of the smaller valleys. The results have .been so s.atisfactory that 
there is prospect of some extension of irrigation operations. Much 
of the country is distant from good markets, and during· .the last few 
years farm products usually have not sold for profitable prices. The 
local demands, however, have often been sufficient to yield satisfactory 
returns to many of the irrigators. In Pis. CXIV and CXV are shown 
the canals and irrigated and irrigable areas in Nebraska west of the 
one hundred and third meridian and north of latitude 41° 30'. 

NORTH PLATTE VALLEY. 

The large volume of water in North Platte River and the wide bottom 
lands bordered by long zones of gentle~slopes afford ideal conditions 
for irrigation in this valley. The soil is usually thick and rich and, 
although somewhat alkaline, responds most satisfactorily. 

The history of irrigation in the valley dates back to the 1atter part 
of 1~87, with the organization of the Farmers' Canal Company, in 
Cheyenne County. Soon thereafter the Winter Creek, Minatare, and 
Enterprise canals were built, in 1888 and 1889, although the Enterprise 
canal was not entirely completed until somewhat later. The Minatare 
canal was begun in February, 1888, and opened August 20, 1888. 
These canals are all in Cheyenne and Scotts Bluff counties. The 
Mitchell canal was. soon after constructed in Scotts Bluff County on 
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the south side of the river, west of Scotts Bluff. It is about 25 miles 
in length, 24. feet wide at the bottom, and conveys water to about 
20,000 acres of bottom land. Early in 1888 the Castle Rock canal was 
constructed. It has a width of 18 feet on the bottom for the :first 9 
miles and then divides into two branches, each about 8 feet wide on 
the bottom and carrying 3 feet of· water. ·Another large canal was 
built at Bayard. In 1893 the Ramsborn ditch was built in the western 
part of Scotts Blu:ff County. The Farmers canal has a head gate with 
a front opening 156 feet wide, with 27 individual gates. It is. capable 
of taking an 8-foot bead of water. The canal is 60 feet wide .at the 
bottom and carries 8 feet of water. The first mile is completed 60 feet 
wide on the bottom, and for the remainder of its length its width is 30 
feet. A gaging made at its head gate by Mr. E. T. Youngfelt on June 
19, 1896, showed a flow of 2.28 cubic feet a second. 

The following list comprises all the main canals, but not the many 
miles of laterals iiJt'o which they empty: 

List of i1-rigation canals in 1Jalley of North Platte River, in Neb1·aska, toest of the one 
h·nndretl and thi1·d 1nericlian. 

~ Nruno. 

Scotts Bluff County: 

I ____ L_o_ca_t_io_n_o_f _i_n_ta,-k_e. ____ Length. I 

Lawrence canal ........ Horse Creek .. : ........ '\Yyoming .. . 

Mitchell canal. ......... North Platte River ......... uo ..... . 
. Sec.' T. R. 

Farmers canaL ......... ! ••••• do . . . . . . . . . . . . . . . . 19 23 58 

Ramshorncanal ....... .\. .... do................ 34 23 58 
Enterprise canaL .. __ ... i ____ .do . _____ . ________ . 12 23 57 

Winter canal _ .. ___ . _ ... __ ... do . __ . _ ... ___ ... _. 35 22 56 

Gering canal .. _ _ _ _ _ _ _ _ _ _ _ ... do .. ____ ... _ .. .. .. 7 21. 55 

Minatare canal. __________ . __ .do------·--------- 14 21 55 

Castle Rock canal ______ ---· .do................ 19 21 54 

1\'Iiles. 

5 

25 

15 

6 

22 

11 

5 

10 

15 

Bayard canal. ..... : ......... do .. .. . . . . . . . . . . . . 35 21 54 8 

I 

122 I 
35 21 54 7 

Cheyenne County: 
Bayard canal. .. ____ . . .. . .... do ......... ___ ... . 

Cnimuey Rock canal ........ do . _ .... __ ....... . 22 20 53 11 
Alliance canal. .............. do ...•...... _ .... . 23 20 53 10 

Belmont canal. .............. do ............•... 34 20 52 15 
Browns Creek cl\nal ......... do .......... __ . _ .. 11 19 51 6 

49 LTota] ........................................ -------------r~;-;==1 
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The Lawr~nce canal derives its water from Horse Creek in Wyom
ing, and it :Ls supplemented by one 400-acre storage reservoir 10 feet 
deep and another covering 180 acres 11 feet deep. . 

The following estimates of crops raised in the Platte Valley are based 
on data obtained by Messrs. C. A. Fisher and F. H. Ainsworth during 
the autumn of 1897. In Scotts Bluff County the area irrigated from 
North Platte River in 1897 was 16,080 acres, in which wild hay, alfalfa, 
corn, and wheat were the principal crops. Oats and garden vegetables 
were also irrigated extensively. In Cheyenne County the area irrigated 
from North Platte River in 1897 was 4,150 acres, of which hay and 
alfalfa were the principal products, together with smaller amounts of 
various cereals and vegetables. The yield per acre of crops under irri
gation is somewhat variable. Wheat usually harvests from 30 to 40 
bushels an acre; potatoes 150 to 200 bushels, ~nd wild hay 11- tons. 
Alfalfa yields 2 tons to the cutting, and is cut three times a season. 
Near Sunflower post.off:ice there is an extensive orchard under irriga
tion, which promises to be ve~·y successful. It contains about 3,200 
trees, many berry bushes, and 5,000 strawberry plants. 

The cost of irrigation was found to vary greatly. :B'igures were 
obtained for 7,500 acres in the Platte Valley, which indicate an aver
age cost of 41 cents an acre. The farms are mostly from SO to 160 
acres. The individual cost an acre varied in greater part from 30 to 75 
cents. In many cases the water was paid for partly in cash and partly 
in labor. 

PUMPKINSEED VALLEY. 

Pumpkinseed Creek is available for irrigation of a small marginal 
acreage along the greater part of its course, but the waters are used 
only to a small extent. There is a ditch, known as the Courthouse 
Rock canal, extending from the west line of range 50 to Green wood 
Creek, a distance of 5 miles, and there are several small local ditches 
and reservoirs at various points, shown in Pl. CXIV. The area of crops 
is about 90 acres, embracing several hay meadows. Lawrence Fork is 
used locally for irrigation 2 miles south of Redington, and its excellent 
water supply would admit of much more extensive use. 

NIOBRARA. VALLEY. 

The waters of :Niobrara River are utilized extensively for the irriga
tion of narrow strips of the bottom lands. There are canals at frequent 
intervals along its course, which furnish water mainly for hay meadows. 
Some grain crops are raised, but their acreage is small. The total area 
under irrigation in 1897 was about 7,015 acres. 
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The following is a list of the canals, compiled from data recently 
Qbtainecl by the State engineer: 

List of ir1·igation clitclles along Niobrm·a Rivej·, in Nebra8ka, u;e8t of the one hnnd1·ed and 
third meridian. 

Looation of ·1 
intake. Approxi-

mate 
length. 

Name. 

Sec.! T. R. 

Sioux County: Miles. 

Bigelow & Seymour_ditch ------ ............. . 19 ~ 31 57 1. 75 

'Varneke's ditch ...... ------ ................. . 27 I 31 57 2.00 

Johnson's ditch ............................. . 36 ! 31 57 . 75 

Lacota ditch ...•..... _ ...................... . 1 30 57 3.00 

Peter Bourett's ditch ........................ . 29 30 56 2.00 

Earnest ditch ............................... . 9 j 29 56 4.00 
I 

McGinley & Stover upper ditch .............. . 23 I 29 56 3.50 

McGinley & Stover lower ditch .............. . 25 29 56 3.00 

Harris & Neece ditch ....................... . 3 28 55 10.00 

La Belle ditch ...................... ·----- ... . 6 28 54 2.00 

--ditch ................................. . 4 28 54 4.00 

Irion Bros.' ditch .......................... _ .. 1 28 54 2.00 
Moore's ditch ..... _ .. ___ ..... __ ... _ ....... __ .. 9 28 53 3.50 

Boxhntte County: 

McLaughlin ditch .... __ .............. _ ..... _ .. 9 28 52 3.00 

Vincent ditch ............................... . 10 28 52 - 1. 00 

Hughes ditch ............................... . 1 28 52 2.00 

Dawes County: 

Snow ditch ...... :. . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 00 

Palmer ditch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 00 

Furman ditch . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 3. 00 

Enterprise ditch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 50 

Hatch & Cross ditch ....................... _.. 25 29 50 3. 00 

1 McMannis & Neeland ditch .......... _ .... _... 29 29 49 2. 00 L Total ..•••• ... . .. .. . .. . ... . . ..••.. .. . .. ••.. ... . . .... .... 6.5. 00 

WHITE RIVER B.A.l:?IN. 

The relatively large volumes of running water in White River and 
those of its branches which head in the canyons on the north front of 
Pine Hidge have been utilized at various points for irrigation. Many 
ditches have been constructed, and there are plans for a more .extensive 
use of the waters. At present about 3,655 acres are under irrigation, 
in greater part along the main valley. 
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The following list of ditches is compiled from data obtained by the 
State engineer during 1897: 

List of irrigation ditches in White River Basin, in Nebraska, tvest of the one hundred and 
third 1neridian. 

~ Name. Location of intake. Length. 

Sioux County: 

Lewis ditch . . . . . . . . . . . . . . . . . . White River ... 

Schwartz-Hughson ditch .......... do ....... . 

Tucker's ditch ....•............... do ....... . 

Colville ditch ................ Kyle Creek ... . 

Sec. T. R. 

27 31 55 

26 31 55 

34 31 54 

3 30 54 

Miles. 

. 50 

.25 

. 75 

1.00 

Diedrichson ditch . • . . . . . . . . . . White River... 1 30 54 . 50 

Johnsonditch ..................... do........ 7 30 53 .50 

Jacobson ditch ....•............... do........ 32 31 53 .50 

Mason ditch. . . . . . . . . . . . . . . . . . . .... do . . . . . . . . 32 31 53 . 25 

Crawford Citizens' ditch .......... do........ 23 31 53 1.50 

Dawes County: 

Crawford Citizens' ditch .......... do ...•.... 

Hazleton ditch . . . . . . . . . . . . . . . White Clay 

Creek. 

Cooper ditch ...................... do ....... . 

Butterworth ditch . . . . . . . . . . . White Ri>er .. . 

Hall's ditch ....................... do ....... . 

White River Irrigation Com- ..... do ...••... 

pany's ditch. 

McFarland's ditch............ White Clay 

Creek. 

Harris & Cooper ditch . . . . . . . White River .. . 

Rasher uitch .......•.............. do ........ 
1 \Yelling ditch ..................... do ........ ' 

Harris ditch . . . . . . . . . . . . . . . . . . .... do ....... . 

McManus ditch ............... Hooker Creek. 

Stewart Brothers' ditch ...... J Little Cotton-

! wood Creek. 

Thomas Stewart ditch ........•.... do ....... . 

Spring Creek ditch ..... ·.. . . . . Spring Creek .. 

Spring Creek ditch No.1 .......... do ....... . 

Kusil ditch ....•. : ..... ······1 Little Cotton-
wood Creek. 

Mace ditch ....••......... ----1 \Vest Ash 

I
. Creek. 

West Ash Creek Irrigation ..... do ....... . 

Company's ditch. 

1

1 

Baron ditch . . . . . . . . . . . . . . . . . . East Ash Creek 
I 

23 31 53 

13 31 52 

2 31 52 

3 31 52 

34 32 51 

34 32 52 

35 32 52 

25 32 52 

19 32 51 

17 32 51 

17 32 51 

7 31 51 

8 32 52 

8 32 52 

5.75 

18.50 

1.00 

1. 75 

.50 

13.00 

2.00 

. 75 

10.00 

1. 00 

. 50 

2.00 

1.00 

1.50 

. 75 
13 32 52 . 75 

18 32 51 1. 00 

9 32 51 1. 00 

2 31 51 1. 00 

36 32 51 2.00 

323250 ~ 
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List of ir1·igation ditches in White River Ba~in, in Nebraska, toest of the one hwndred and 
third meridian-Continued._ 

I 
Name. Location of intake. Length. 

I Dawes County-Continu~d. Sec. T. R. Miles. 
l 

Ox Yoke ditch .... ___ ----.---- East Ash Creek 31 32 50 1. 50 
James ·wilson ditch ......•... Indian Creek .. 10 31 50 .125 
Seegrist ditch-----· ...•...... ..... do -- ............. 3 31 50 .50 
Flood ditch ·----· ........... ·----- East Fork of 33 32 50 .75 

Indian Creek. 

Smock's ditch ...•••........•. Trunk Butte 26 32 50 .50 
Creek. 

Goff ditch ......... : . ......... Dead Horse 9 31 49 1.00 
Creek. 

Norton ditch ................. . . . . . do ........ 9 31 49 .75 
W oodru:ff clitch ............... ..... do ........ 32 32 49 .7!> 
Kemery Ram ................. ..... do ........ 32 32 4-9 .50 
W. Wilson's ditch ............. Chadron Creek 12 32 49 .50 
H. M. Wilson's ditch .......... ..... do ...•.... 12 32 49 . 75 
Half Diamond ................ ..... do ..... -..... - 1 32 49 1.00 

LTotal ...................... 69.125 

I 
--- .. -.-- .. -............... . --- .. - -... -- -- .... 74-.875 

LODGEPOLE VALLEY. 

The water of Lodgepole Creek has been utilized for irrigation for 
several years, and at times practically all the stream has been diverted 
into the fields. Hay has been the principal crop, but grain~ and vege
tables have also 'Been irrigated to some extent. The average volume 
of the creek is about 4 cubic feet per second, but along some portion 
of the valley the waters sink beneath the surface and, traveling under 
ground for some distance, emerge again in springs. The following 
facts relating to this valley are taken from notes by Mr. Adna Dobson, 
made in the summer of 1895.1 

Commencing from the west, the first ditch is the Hoover, which sup
plies water for about 50 acres; then come the ditches of S. A. Pierce 
and L. 0. Kinney, which supply water for about 575 acres, mainly of 
hay lands. In the next 4 miles no more water is taken out, and then 
comes the head of the Young ditch, which supplies water for about 30 
acres, extending to sec. 34, T. 15, R. 57. Five miles lower down is the 
ditch of Carl Ruttner, which takes water on each side of the creek, 
the total amount being 4.9 cubic feet a second, which is used for 
covering about 40 acres. One mile lower down is the beginning of 

J First Biennial Report of the State Board of Irrigation of the State of Nebra~:~ka for 1895 and 1896, 
prepared by W. R. Akers, Lincoln, 1897, pp.l51-15i. 
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J. J. Kinney's south ditch, which takes all the water in the creek, 3.6 
cubic feet a second, for the cultivation of about 140 acres. One-half 
mile below tllis is the head of J. J. Kinney's north ditch, into which 
the entire creek is diverted. The amount of water is 2.1 cubic feet a 
second for the watering of 190 ·acres. These ditches are used alter
nately in order to obtain greater volume. The amount of water in the 
creek increases rapidly below the head of Mr. Kinney's ditch, and at 
the east line of sec. 34, one-half mile below, the creek is running about 
6 cubic feet a second. Within the next 3 miles is the Hurley, Liley 
& Polly ditch, which takes 4.5 cubic feet of water a second for the 
irrigation of 160 acres. Two miles below this is the head of the Hur
ley & Polly ditch for the irrigation of about 125 acres. On~-half mile 
lower down the valley is the. head of the Bay State ditch, which takes 
2.5 cubic feet of water a second for 100 acres. In the uext 7 miles are 
the Mcintosh, Circle Arrow, and Brady ditches, with only limited sup
plies of water, the creek becoming practically dry above Mr. Brady's 
head gate in sec. 28, T. 15, R. 54, and continuing so to a point on 
sec. 4, T.14, R. 52, where it again appears. A measurement at the llead 
of Adams ditch, in sec. 31, T. 14, R. 52, showed 2i cubic feet a second, 
which is ~aken by the Adams ditch for the cultivation of 245 acres, 
m~inly of hay. Next below is Thomas Gunderson's ditch, which 
has 5 cubic feet of water a second for 100 acres. In sec. 7, T. 14, R. 51, 
is the ditch of Mr. Hans Christianson, which takes about 1 cubic foot 
of water a second for 70 acres. One and one-half miles below this is 
the ditch of Mr. James Mitchell, which takes 3.5 cubic feet a second for 
60 acres; and next below is the head of Mr. John Anderson's ditch, for 
200 acres. This ditch is used alternately with the Mitchell ditch in 
order to have a sufficient volume of water. Then comes the very small 
ditch of Mr. J. A. Shanahan for the irrigation of 2 or 3 acres. The next 
dam below is for lVIr. M. Urback's ditch. Then there is the ditch of N. 
P. Lingholm, which heads in the SE.! sec. 14, T. 14, R. 51, and provides 
water for 30 acres. It was taking 1.5 cubic feet of water a second at 
tlle time of observation. The creek is dry below this through sec. 13 
and nearly through sec. 19. Near the east line of sec. 19 the water rises 
again, and at the head of the Couch ditches, in the SW.;i sec. 20, T.14, 
R. 50, 2 cubic feet a second is available for the irrigation of about 40 
acres. Runge's ditches, Nos. 1 and 2, are in sees. 28 and 29, T. 14, R. 
50, and provide for about 105 acres. The Ickes ditch comes next, but 
the amount of water is l1ardly sufficient to cover more than 100 acres. 
About one-half cubic foot of water a second passes the Ickes dam, and 
fills a small. pond at the head of the Adams & Tobin ditch, but the 
supply was inadequate to cover the 180 acres to be irrigated. Below 
this dam the creek is entirely dry for the next mile, where the water 
rises again in springs; and at the head of the Trognitz ditch, in sec. 36, 
T. 14, R. 50, one-half a cubic foot of water a second flows into the ditch 
and is used for the irrigation of about 34 acres. It is the same ditch 
that was built by the United States to supply water for Fort Sidney. 
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The following table gives the acreage of crops irrigated in the Lodge
pole ·valley west of the one hundred and third meridian in 1896, accord
ing to the first report of the State board of irrigation, p. 158: 

Am·eage of m·ops in"igated in the Lodgepole Valley 1vest of the one huncl?·ecl and thi1·d 
meridian in 1896. 

Acres. Acres. 
Alfalfa . . . . . . . . . . . . . . . . • . . . . . • . . . 317 Barley........................... 20 
Native hay.... . . . . . . . . . . . . . . . . . . 2, 160 Rye ......... ·.... .... .... .... .... 2 
Corn ...... ------ ...... ------.... 80 Potatoes ........ _... ..•. .. . . . .. •.. 42 
Oats . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 Garden trees, etc . . . . . . . .. . . . . . . . . . 25 
Wheat . • . . . . . . . . . . . . . . . . . . . . . . . . 63 
Millet ............. _. _. . . .. . . . . . . . 57 Total . . • • • . . . . • . . . • . • . . . . . . . . 2, 832 

HAT CREEK BASIN. 

The upper portions of Hat Creek and its numerous branches rising 
in canyons in the northern slopes of Pine Rfdge contain water in suf
ficient supply 'for the irrigation of many local areas. These are mainly 
in the relatively narrow canyons, where only small strips of land are 
so situated as to be easily watered. The volume of water in most cases 
is ample and is derived from ever-flowing springs. Nearly all the 
canyons contain small short canals, which serve for the irrigation of 
numerous small farms. The total area under irrigation in 1897 was 
estimated to be 1,860 acres. 

The following is a list of the canals according to the plots of the State 
engineer: 

List of irrigation clitches in Hat Creek Basin, Sioux County, Nebraska. · 

~ 
Name. Location of intake. Leng•h I 

-~~~~:~~:::::::::I· Sec. T. R. Miles. 
Steel ditch .........••........ 16 32 55 1. 50 

Coffee's ditch.------ .... ------ 26 33 55 5.00 

Miller ditch : . ................ ..... do .. -....... ----- 23 33 55 .75 
Holly's ditch ..............•.. Boggy Creek ...... 31 33 54 1. 00. 
Old Sowbelly ditch ........... Sow bell~ Creek ... 7 32 55 2.00 

Hall's ditch .................. ..... do ------ ............ 6 32 55 .50 
M.D. Jordan's ditch .......... . . · ... do ......................... 21 33 55 1.50 
Schlitz ditch ................. Cedar Creek ·----- 35 33 56 2.00 

Valdeg ditch ................. Prairie Dog Creek. 3 32 56 .50 
Zerbst ditch .................. ..... do . ----- . ----. i 25 33 56 1. 00 

Big Monroe Creek ditch ...... Big Monroe Creek . '1 33 33 56 2.00 
Biehle ditch ......... __ ...... _; .. _ .............. _ .. ! 32 33 56 .75 

Nolan's ditches. No. 1 and No. 2. \V arbonnet Creek . i 23 33 57 1.25 

Kay's ditch.-----·------ ...... . _ ... do ...•........ i 26 33 57 .75 
Dautditch ................... ..... do ............ 30 33 56 i£J --ditch .................. ..... do ---·--·-···· 31 33 56 0 
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List of irrigation ditches in Hat Creek Basin, Sioux County, Nebraska-Continued. 

___________ N_a_m_e·----------·I-------L_oo_a_ti-on_o_f_i~nt_a_ke_. _______ 
1 
__ Lon~h. I 

MileB. 

1.50 
Sec. T. R. 

'Varbonnet ditch ............. Warbonnet Creek. 

'Voodruff's ditch ............. Jim Creek ......... 

Slattery's ditch ... -..... -- ......... -.. ..... do . ..... --- . -...... -
Jim Creek ditch ... ... --- ........... -... ..... no ...... -.. -.. -........ 
Hamlin ditch ... - .. -.. -- .......... -- .. Squaw Creek ...... 

Dunn's ditch ................. ..... do .................... 
P. D. Dunn's ditch .. --- .... __ . ..... do ···--· ------

21 33 
14 33 
13 33 
8 33 

10 33 
11 33 
3 33 

56 
57 
57 
56 
57 
57 
57 

1.00 
1.00 

.50 

.50 
2.00 
1. 00 

Turner's ditch........ . . . . . . . . Antelope Creek.... 26 34 57 1. 50 

Story's ditch ..... -----···---· ..... do............ 8 34 56 1.00 

I Cherr:..~:;~k.~~~~::::::: ::::'. ~.~~~~ ~~~·.~: ::::: 1 ... : .. ~~ .. ~.'- 32: ~: I 

WINDl\HLL IRRIGATION. 

Several farmers in western Nebra.ska have experimented with wind
mill irrigation with encouraging results. There are large supplies of 
underground waters under the high table-lands, beginning with Pine 
Ridge and lying in broad expanse between the larger valleys. TJ;tis 
is notably tbe case on the fine table lying between the valleys of Lodge
pole Creek and Pumpkinseed Creek. These waters are usually at a 
depth of over 175 feet, but a large windmill soon raises sufficient water 
to fill a fair-sized reservoir. About 10 acres seems to be the limit for 
irrigation from one windmill, but this area will afford sufficient crops 
for local use. A reservoir is essential for satisfactory irrigation from 
a pump, but there usually is no difficulty in constructing one in the 
table-land areas. 

CLil\liTE. 

Western Nebraska has a climate of typical plains character. It is 
dry and hot in summer, moderately moist in late spring, and cold, 
but with little snow, in winter. There is considerable variability in 
the climatic features from year to year, rather more than is found 
farther south or north, and some local variations from point to point, 
particularly in rainfall. Records of weather were kept for many years 
at Sidney in the Lodgepole Valley, and at Fort Robinson on White 
River, while for shorter periods observations have been made at 
Alliance, Gering, Hay Springs, Kimball, and Camp Sheridan. In Pl. 
CXVI there is given a graphic reproduction of precipitation records 
covering a period of several years at some of the stations above men
tioned, compiled from an article on the Rainfall of Nebraska/ by C. D. 
Swezey and G. A. Loveland, together with data for 1896 and 1897, 
kindly supplied by Mr. Loveland. 

I t:rniversity of Nebraska, Bull. Agric. Exper. Stat., \oL Vlll, Article I\, 1896. 
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TI~IBER. 

The occurrence of timber in this region is restricted to certain 
localities of relatively limited extent. In the greater part of the plains 
area there is no timber at all, and the valleys of the Platte and 
upper Niobrara rivers and Lodgepole Creek do not contain trees. 
Along the northern escarpment of Pine Ridge, on the slopes of the 
White River anrl Hat Creek basins, there is a moderately wide zone of 
scattered pine forest. It extends from the crest of the ridge down 
nearly to the foot of the steeper slopes, and the aggregate amount of 
timber is fairly large. Along the ridge south of North Platte River 
there was formerly considerable pine, and many of the slopes north of 
Platte River and south of Pumpkinseed Valley maintained a scattered 
growth of pine. Some of the canyons in this region contain deciduous 
trees in small groves, and this is also the case in the many canyons in 
the northern slopes of Pine Ridge, and at intervals along the banks of 
White River. The extent of the timber in this region is shown in 
Pl. CXVII. The principal tree is the Rocky Mountain pine (Pinus pon
derosa). It attains a diameter of from 1 to 2 feet where the conditions 
are most favorable, but its growth is somewhat scattering, and deep 
inroads have been made on the supply by woodcutters. The young 
pines appear to be thrifty, as they 'spring up abundantly on most of the 
slopes, and are growing vigorously. A typical view of the pine and 
other woods on Pine Ridge is given in Pl. CXVIII, and some further 
features of the pine growth are shown in Pls. LXXXI and XCIV. 

In the region adjoining North Platte River the growth of pines is 
rather scanty, and nearly all of the larger trees have been or are being 
cut. This is also the case along the edge of the table-land south of 
Pumpkinseed Creek. 

The deciduous trees of the region comprise mainly cottonwood 
(Pop~tlus monilij'era ), with a moderate proportion of box elder (N egundium 
americanum ), and a small variety of other similar trees. 
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ELEVATIONS. 

L-ist of elerations in Nebraska west of the one hundred and thi1·d nteridian. 

WE.STERN CHEYENNE COUNTY. 

Locality. Altitude. 

Feet. 

Authority.. ~ 

Lapeer ..............•. __ .. _---· ... . 3, 638 U.S. G. S. bench mark. 

Courthouse Rock .............. __ .. . 4,100 Do. 
Jail Rock .• __ •...... _ .. __ ........ _. 4, 002 Do. 

Roundhouse Rock .............. __ .. 4, 255 Do. 

Twin Mounds ..................... . 4, 309 Do. 

Redington ..•....•.................. 3, 870 Do. 

Camp Clarke ...................... . 3, 705 Do. 

Springs on Middle Creek ..... _ ..... . 3, 830 Do. 

Chimney Rock ......... _ .......... . 4, 242 Do. 

Bird Cage Gap ..................... . 4, 028 Do. 

Bayard ............................ _ 3, 780 Do. 

Redington Gap ......... _ . . . . _ .•.... 4,126 Do. 
Cyrus .. __ ... ___ .... __ ... ____ .. ____ . 4, 320 Do. 

Spring Lakes .................... __ . 4,260 Do. 

Duggers Springs ............. _ ...•.. 4, 030 Do. 

~idge at head of McManigle Canyon_ 4, 520 Do. 
Table-land T. 22, R. 50 W ..•••.. ___ .. 4,200-4,300 Do. 
Ickes post-office ..•.... __ ...•• _. ___ _ 

Table at head of ·wild Horse Canyon. 

Sidney ......... -- .....•............ 
Margate siding ..•........ _ .. ___ .. __ 

Bronson ........................... . 
Herd on siding ... __ .... _ .. _ .... _ ... _ 
Potter ... __ .. _____ . _ . __ ... __ ...... . 

Jacinto siding .................. _ ··j 

4, 415 Barometer. 

4, 450 U. S. G. S. 

4, 090 Gannett. a 

4, 138 Union Pacific Railroad. 

4,203 Do .. 

4, 301 Do. 

4, 377 Gannett. a 

4, 486 Union Pacific Railroad. 

a Dictionary of altitudes in the United States: Bull. U.S. Geol. Survey No. 76, 1891. 

KIMBALL COUNTY. 

~~~-~;~;-~~:: :::::: :::::::::: :::: 
I 

Kim ball ... _ ....••.....•.... _ ...... . 

Adams ... __ ......... -.- ..... --. -- .. 
I Bushnell siding . ____ . ~ _. __ . _ ... _. _. 
1 Smeed siding ......... _ ...... _ .. __ .. 

4,542 

4,616 

4,697 

4,781 

4,859' 
4,925 I 

Union Pacific Railr~ 
Do. J 

Do. ' 

Do. 

Do. 

Do. 
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List of elevations in Nebraska west of the 011e hundred ·and third meridian-Continued. 

BA.NNER COUNTY. 

Altitude. Authority. I 
1----'-----1-1--:---j 

Locality. 

SCOTTS BLUFF COUNTY. 

Scotts Bluff ......... : . ............. / 
Dome Rock ............. , .......... . 
Gering .............. ____ ........•.. 
Sedan ....... _ . __ ................•.. 
·winter Springs ............ .' ....... . 
Minatare .......................... . 
Sunfio'iver ......................... . 
Collins ............................ . 
Caldwell .......................... . 
MitchelL .......................... . 
Larissa ....•............ ~ ........•.. 
Dorrington ........................ . 
Intake of vVinter canal ............ . 
Intake of Enterprise canaL ........ . 
Roubedeau Pass .................... 

1 

Signal Butte ...................•••. 
Summit of ridge at head of Cedar 

Canyon. 
M·itchell Pass .................•..... \ 
Bald Peak ...•.•...•.... _ ...... ·_ ... . 
North Platte River at Wyoming line. 
Castle Rock ............. _ .. _. ~ .... . 
Steamboat Rock ....•............... 
Round top Rock ......... _ ......... . 
Coyote Hill ...•.................... 

4,662 U.S. G. S. 
4,560 Do. 
3,902 Do. 
3,965 Do. 
3,990 Do. 
31825 Do. 

. 3, 940 Do. 
4,018 Do. 
4,050 Do. 
4,000 Do. 
3,960 Do. 
4,450 Do. 
3,900 Do. 
3,980 Do. 
4,480 Do. 
4,583 Do. 
4,860 Do. 

4,180 Do. 
4,420 Do. 
4,035 Do. 
4, 473 Do. 
4,319 Do. 
4, 479 Do. 
4,460 Do. 
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List of elevations in Nebraska west of the one hundred and thirclmeridian-Continued. 

SIOUX COUNTY. 

Locality. Altitude. Authority. 
1--------------------------------l--------·l-----------------------l 
I 

1 Snycler's ranch .................... - ...... ----- · 

i Sturdivant's ranch ................ . 

SvV. corner of the county .......... . 

N'V. corner of the county .......... . 

Harrison ........................... I 

Andrews .......................... . 

Glen .............................. . 

Adelia _ ........................... . 

Mansfield ......................... . 

Niobrara River at Wyoming line ... . 

Niobrara River at eastern margin of 

I 

the county. 

Niobrara River at Royville ........ . 

Niobrara River at mouthofvVhistle 

Creek. 

Highest sand hill in sec. 17, T. 26, 

R.55. 

Highest sand hill in sec. 21, T. 27, 

R. 56. 

Corbin's ranch .................... . 

Mud Springs ...................... . 

Coyote Springs .................... . 

McGinley Lakes .............. ------
East Spring ....................... . 

Spottedtail Springs ................ . 

Wind Springs ..................... . 

Gilchrist ...•....................... 

Montrose .......................... . 

Roundtop ......................... . 

Coliseum Rock .................... . 

Pine Ridge at Wyoming line, T. 33, 

R.57. 

[ :~ne ~idge, south of Andrews ....•. 
L::._Ridge, south of Glen ........ .. 

Feet. 

4,310 U.S. G. S. 

4,375 Do. 

4,050 Do. 

4,125 Barometer. 

4,849 F. E. and M. V. Rwy. 

4,422 Do. 

4,038 Do. 

3,725 B. and M. R. R. H. 

3,628 Do. 

4, 730 Barometer. 

4,200 Do. 

4,457 U.S. G. S. 

4,280 Do. 

5, 100 Do. 

5, 020 Do. 

4,495 Do. 
4,470 Do. 

4, 520 Do. 
4, 530 Do. 

4, 525 Do. 

4,120 Do. 
4,460 Do. 

3, 900 Barometer. 

3, 750 Do. 

4, 525 Do. 

5, 050 Do. 

5, 060 Do. 

4:800 Do. 

4,810 Do. 
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VI EW OF WOODS IN CHADRON CANYON, DAWES COUNTY, NEBRASKA. 
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Elk Garden, W.Va., stream pollution at... 142 
Elk River, Kansas, course of. ............ 363, 365 
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at .•.............................. 384--385 
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rating table for......................... 242 
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77 

Fall Creek, Colo., stream measurements at. 406-407 
Fall River, Kansas, character of.... . . . . . . 363, 365 

measurements of ..................... 369-372 
power of............................... 375 

Fall River, Kans., stream measurements at. 369, 372 
Falling Creek, North Carolina, power of... 199 
Fanning, J. T., work f?f........ .. .. . ...... .. 377 
Farish, W.A., workof ..................... 32,419 
Farmers canal, Nebraska, construction of.. 773 
Farmer~ canal, Wyoming, irrigation by.... 305 
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240 
rating table for. . . . . . . . . . . . . . . . . . . . . . . . . 234 
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Flint River, West Virginia, measurements of 138 · 
water power and pollution of........... 157 

Flood ditch, Nebraska, location of. ........ _ 777 
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mentsof. ....................... _. _. 137 
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Foard & Lindsay, North Carolina, power 
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Follows Camp, California, rainfall at .... 538,539 
Forbes, J. W., work of..................... 538 
Forest resources of Maine . . . . . . . . . . . . . . . . . 39-41 
Fork·Shoal, South Carolina, power at...... 222 
Fort Belknap Irrigation Company, descrip-
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Fort Benton, Mont., stream measurements 
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Foster Creek, Montana, measurements of. 274, 275 
Fountain Park, Ohio, character of rock 

water at.... . . . . . . . . . . . . . . . . . . . . . . 660-662 
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to . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196 
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waterpower............................ 157 

Goose Creek, Virginia, measurement of.... 140 
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of .................... ,............. 165 

Gordon Creek, Nebraska, measurements of. 300 
Gorgas dam, North Carolina, power de

veloped at.......................... 190 
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Gormania, W.Va., stream measurements at. 141 

stream pollution at ......... :........... 142 
Granby mills, Broad River, power utilized 

by.................................. 216 

Grand Falls, Penobscot RiYer, power at.... 60 
Grand Falls, St. Croix River, power at ..... 47-50 
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Grassy Island Shoal, North Carolina, water 

power at . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 
Gravel Shoal, Broad River, power at....... 216 
Great Black shale, Ohio, geologic position of. 638 
Great Falls, Catawba River, power at .... 205, 207 1 

Great Falls, Presumpscot RiYer, power at.. 98 
Great Falls, Saco River, power at ........ 109, 111 
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Harris & Neece ditch, Nebraska, location of. 775 
Harrisburg, Nebr., elevation of............. 783 
Harrisburg, Ohio, character of rock water 

at ................................ 663-664 
analysis of water at.................... 664 
plate showing well at.................. 664 

Harrisburg, Pa., stream measurements at. 122-127 
Harrisburg Water Company, stream meas-

urements by ...................... 122, 123 
Harrison. Nebr., elevation of........ .. .. • .. 783 
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High Line canal, Idaho, irrigation by...... 445 
High Shoal, North Carolina, power at...... 211 
High Shoals, South Carolina, power at..... 219 
Highland County, Ohio, character of rock 

water in............................ 656 
Highland Rips, Maine, water power at..... 110 
Highlands canal, California, measurement of 536 

construction of ................... 574, 576, 589 
Jlighlands Vineyard Company canal, Cali

forraia, construction of.............. 575 
Hill, R. E., acknowledgments to........... 717 
Hill's factory, South Carolina, power util-

ized by............................. 218 
Hiram, Me., water :power at .............. 109, 110 
Hitchcocks Creek, North Carolina, power 

of .• - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198 
Hiwassee River, North Carolina, measure-· 

menta of ..•..•.................... 259-260 
rating table for......................... 259 

Hobson, Joseph, cited...................... 86 
Hodgson, J. H., acknowledgments to....... 33 
Hoffmann's Sons Company, the J. T., stream 

pollution from tannery of...... . . . . 142 
Hogback Mountain, Nebraska, elevation of. 783 
Holcomb Creek, California, rainfall at...... 620 
Hollingsworth, Sumner, aid by ...... 67 (note), 71 
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