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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES (GEOLOGICAL SURVEY,
Hyprocrarnic Branch,
Waslington, D. C., March 16, 1905.

Sir: I transmit herewith the manuscript of Part I of a series of
twelve papers which compose the Report of Progress of Stream Meas-
- urements for the Calendar Year 1904. Parts I to VI of this report
contain the results of the data collected in the territory east of Missis-
sippi River. Parts VII to XII are devoted to the data colleeted in the
territory west of Mississippi River.

The larger part of the original data for this report was collected
under the direction of district hvdrographer H. K. Barrows, who was
assisted by S. K. Clapp, F. E. Pressey, and T. W. Norcross. The
assembling of the data and its preparation for publication were done
under the direction of John C. Hoyt, who has been assisted by R. H.
Bolster, Robert Follansbee, Willis E. Hall, A. H. Horton, and H. D.
Padgett.

I request that this manuseript be published as one of the series of
Water-Supply and Irrigation Papers.

Very respectfully,
F. H. NewELL, Chief Engincer.

Hon. Crarres D. Warcorr,
Director United States Geological Survey.



PROGRESS REPORT OF STREAM MEASUREMENTS
FOR THE CALENDAR YEAR 1904.

PART 1.

By H. K. Barrows and Jou~x C. Hoyr.

INTRODUCTION.

The hydrographic work of the United States Geological Survey
includes the collection of facts concerning and the study of conditions
affecting the behavior of water from the time it reaches the earth as
rain or snow until it joins the oceans or great navigable rivers. These
investigations became a distinct feature of the work of the Survey in
the fall of 1888, when an instruction camp was established at Embudo,
N. Mex. Since that date the work has been continually and gradually
extended as larger funds became available. The first distinctive
appropriation for gaging streams was made by the act of August 18,
1894, which contained an item of $12,500, *““for gaging the streams
and determining the water supply of the United States, including the
investigation of underground currents and artesian wells in the arid
and semiarid sections.” (Digest of Appropriations for 1895, p. 270.)

Since that time a similar act has been passed each year and the
appropriations have gradually increased, as shown in the following
table:

Annual appropriations for hydrographic surveys.

Year ending June 30, 1895 . .. ... ... eieiaaaa- $12, 500
Year ending June 30, 1896 . Lo 20, 000
Year ending June 30, 1897 . . ... e 50, 000
Year ending June 30, 1898 . . .. ieeeeieaaiaaaaa- - 50, 000
Year ending June 30, 1899 _ .. ... 50, 000
Year ending June 30, 1900 . . . i aeeeaceaaan 50, 000
Year ending June 30, 1901 . ... 100, 000
Year ending June 30, 1902 _ . ..o 100, 000
Year ending June 80, 1908 . ... .. e 200, 000
Year ending June 30, 1904 . . .. i 200, 000
Year ending June 30, 1905 ... ... .. .. ... iaoa.- 200, 000
Year ending June 30, 1906 - .. .. i eiieiiaaas 200, 000

The chief feature of the work of the hydrographic division is the
systematic study of the flow of the surface waters and the conditions

9



10 STREAM MEASUREMENTS IN 1904, PART 1. [vo. 124,

affccting the same. In this connection other information that may be
of use to the engineer or others in hydrographic studies, such as river
profiles, duration and extent of damage by floods, water-power data,
ete., is collected. Furthermore, the work has been so directed that
the information collected will be of direct value in the commercial and
agricultural development of the country.

As a result of the increased appropriations since June 30, 1902, the
work hasbeen largely extended and thoroughly systemized. The vari-
ous States have been grouped into districts, each of which is under
the supervision of a district hydrographer who, with a corps of assist-
ants, devotes his whole time to the study of the hydrographic resources
of his district.

The methods used in the collection of these data and in their prepa-
ration for publication are given in detail in Water-Supply Paper No.
94. (Hydrographic manual, U. S. Geol. Survey.)

The general plan of stream gaging which has been developed is to
obtain eventually data in regard to the flow of all the important streams
in the United States. With this in view gaging stations are estab-
lished at points where the data will be of greatest commercial value.
At these stations discharge measurements are taken from time to time
at typical river stages, and the daily surface fluctuation is obtained by
means of gage readings. From these two factors it is possible to
estimate both the total flow and its distribution through the period of
observations.

The selection of the site for a gaging station and the length of time
the station is maintained depend largely upon the needs of each local-
ity. If the stream is to be used for water power, special efforts are
made to obtain information concerning the low-water flow. If water
is to be stored, the high waters are given special attention. In all sec-
tions certain permanent stations are maintained for general statistical
purposes to show the conditions which exist through long periods.
They also act as primary stations, and are used in connection with
short series of measurements to determine the flow in particular por-
tions of the drainage basin.

Gaging stations are divided into two general classes: First, current-
meter stations; and second, weir stations. The former class is sub-
divided as to location into bridge, cable, boat, and wading stations.
Fig. 1 shows a cable station with car, tag-line, inclined gage, etc. In
addition to the bridge, cable, or boat, the equipment of a current-meter
gaging station consists in a gage for determining the daily fluctuations
of the water surface, bench marks to which the zero of the gage is
referred, and permanent marks on the bridge or a tagged line indicat-
ing the points of measurement. Where the currentisswift some appli-
ance—generally a secondary cable—is necessary to hold the meter in
position below the surface.
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Gaging stations are generally located at bridges, if the channel con-
ditions are satisfactory, as from them the meter can be easily manipu-
lated, and the cost of the equipment is comparatively small. The
stations are located as far as possible at points where the channel is
straight, both above and below the gaging section, and where there are
no cross currents, backwater, or boils. The bed of the stream should
be as clear as possible from large projections and of a permanent
character. The banks should be high, and should overflow at high
stages only. Great care is taken in the selection and equipment of
gaging stations, in order that the data may have the required degree
of accuracy.

On many of the larger rivers where water power is developed by
dams estimates of flow are obtained by observing the head on the crest
and using a weir formula. On the smaller streams sharp-crested
weirs are in some cases erected.

The principal instrument used in stream-measurement work is the
current meter, by which the velocity of the flow of water is determined.

o) “
% MRS

F1a. 1.—Cable station, showing section of river, car, gage, ete.

After years of experience the Survey has adopted the Price current
meter for general work. This meter, as is shown on PL II, is made
in two sizes, known as the large and small Price. The small Price has
been largely developed by the officers of the Survey, using the Price
acoustic meter as a basis. '

A discharge measurement is the determination of the quantity of
water flowing past a certain pointata given time. This quantity is the
product of two factors: (1) The mean velocity, which is the function
of the cross section, surface slope, wetted perimeter, and roughness of
bed; (2) the area, which depends upon the permanency of the hed and
the fluctuations of the surface, which govern the depth.

In making the measurement an arbitrary number of points are laid
off perpendicular to the thread of the stream (see fig. 1). These points
are usually at regular intervals, varying from 2'to 20 feet, depending
upon the size and conditions of the stream. They are known as meas-
uring points, and at them the observed data, the velocities and sound-
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ings, are taken. The perpendiculars dropped from the measuring
points divide the gaging section into strips, and for each strip or pair
of strips the mean velocity, area, and discharge are determined inde-
pendently; thus conditions existing in one part of the stream are not
distributed to parts where they do not apply. )

The methods of obtaining velocity with the current meters which
are in general use may be grouped into three classes: Single point,
multiple point, and integration.

The single-point method consists in holding the meter either at the
depth of the thread of mean velocity, or at an arbitrary depth, for
which the coefficient for reducing to mean velocity has heen deter-
mined. KExtensive experiments by vertical velocity-curves show that
the thread of mean velocity lies at from 0.5 to 0.7 of the total depth.
In general practice the thread of mean velocity is considered to be at
0.6 depth, and it is at this depth that the meter is held in the majority
of the measurements, this being known as the six-tenth depth method.
It is found by a large number of vertical velocity-curve measurements,
taken on various streams and under various conditions, that the coef-
ficient for reducing the velocity obtained at six-tenths depth to mean
velocity is practically unity, ranging, in a series of 910 measurements
made at 39 gaging stations, between 0.94 and 1.04, with a mean for
the 910 observations of 1.00. In the other principal single-point
method the meter is held near the surface, usually 1 foot below, or
low enough to be out of the action of the wind or other disturbing
influences. This is known as the subsurface method. The coefficient
for reducing the velocities taken at the subsurface has been found by
repeated experiments with vertical velocity-curves to be from 0.85 to
0.95, depending upon the depth of the stream and velocity and channel
conditions. This method is specially adapted for flood measurements,
or when the velocity is so great that the meter can not be kept at 0.6
depth.

The three principal multiple-point methods in general use are: The
vertical velocity-curve; top and bottom; and top, bottom, and mid
depth. In the vertical velocity-curve method a series of velocity
determinations are taken in the vertical at regular intervals, usually
from 0.5 to 1 foot apart. By plotting these velocities as abscissas and
their depths as ordinates, and drawing a smooth curve through these
points, the vertical velocity-curve is produced, which shows the
change in velocity from the surface to the bottom of the stream. The
mean velocity in the vertical is then obtained by dividing the depth
into the area bounded by this mean velocity-curve and the initial line.
Owing to the length of time it takes to make these measurements, they
are seldom used except for determining coeflicients for purposes of
_comparison, and for measurements under ice.
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In the second multiple-point method the meter is held from 0.5 to 1
foot below the surface and about 0.5 foot above the bottom, and the
mean of the velocities at these two points is taken as the mean velocity
for that vertical. This method is not well adapted for general work,
as the roughness of the bottom disturbs the velocity at that point.
For shallow streams with comparatively smooth beds good results are
obtained by this method. In the third multiple-point method the
meter is held at mid depth, at 0.5 foot below the surface and at 0.5 foot
above the bottom, and the mean velocity is determined by dividing the
sum of the top velocity twice the mid-depth velocity, and the bottom
velocity by 4.

The vertical integration method consists in moving the meter at a
slow, uniform speed from the surface to the hottom and back again to
the surface. The number of revolutions and the time taken in the
operation is noted, and the mean velocity is found by dividing the
number of revolutions by the number of seconds taken in the run.
This method has the advantage in that the velocity at each point of
the vertical is measured twice. It is well adapted for measurements
under ice and as a check on the point methods.

The area, which is the other factor for determining the discharge of
the stream, depends upon the stage of the river, which is taken on a
gage, and the general contour of the bed of the stream, which is found
by sounding. The soundings are usually taken at each measuring
point at the time of the discharge measurement, either by using the
meter and cable or by a special sounding line or rod. For stations
with permanent beds standard cross sections are usually taken during
low water. These sections serve to check the soundings which are taken
at the time of the measurements,and from them any change which may
have taken place in the bed of the stream can be detected. They are
also used for obtaining the area for use in computations of k'’ h-water
measurements, as accurate soundings are hard to obtain at high stages.

In computing the discharge measurements from the observed veloci-
ties and depths at the various points of measurements the measuring
section is divided into elementary strips, as shown in fig. 1, and the
mean velocity, area, and djscharge are determined separately for
either a single or double strip. The total discharge and area are the
sums of those for the various strips, and the mean velocity is obtained
by dividing the total discharge by the total area.

The volume of water flowing in a stream is known as run-off. In
expressing it various units are used, depending upon the kind of work
for which the dataare needed. Those used in this report are ¢ second-
feet,” ‘“acre-feet,” *‘ run-off per square iile,” and ‘‘run-off in depth
in inches,” and may be defined as follows:

““ Second-foot” is an abbreviation for cubic foot per second, and is
the body of water flowing in a stream 1 foot wide, 1 foot deep, at a
rate of 1 foot per second.
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The *“acre-foot™ is the unit of capacity used in connection with stor-
age for irrigation work, and is equivalent to 43,560 cubic feet. It is
the quantity required to cover an acre to a depth of 1 foot. There is a
convenient relation between the second-foot and the acre-foot; 1
second-foot flowing for twenty-four hours will deliver 86,400 cubic
feet, which equals 1.9835 acre-feet, or, approximately, 2 acre-feet.

The expression ‘‘second-feet per square mile” means the average
number of cubic feet of water flowing each second from every square
mile of drainage area, on the assumption that the run-off is uniformly
distributed. .

*“Depth in inches” means the depth of water in inches that would
have covered the drainage area, uniformly distributed, if all the water
could have accumulated on the surface. This quantity is used for
comparing run-off with rainfall, which quantity is usually given in
depth in inches.

It should be noticed that ‘“acre-feet” and ‘* depth in inches” repre-
sent the actual quantities of water which are produced during the
periods in question, while *‘second-feet,” on the contrary, is merely
a rate of flow per second.

The base data for computing the daily discharge of a stream are the
daily gage heights and the various discharge measurements, of which
there should be sufficient number to cover the range of stage. The
fundamental laws upon which these computations are based are the
following:

(1) The discharge will remain constant so long as the conditions at
or near the gaging station remain constant;

(2) Neglecting the change of slope due to the rise and fall of the
stream, the discharge will be the same whenever the stream is at a
given stage; and

(8) The discharge is both a function of, and increases gradually
with, the gage heights (2 and 3 depend on 1).

As the beds of many streams are changeable, the problem divides
itself into two classes: (1) Those of streams with permanent or practi-
cally permanent beds, and (2) those of streams with changeable beds.
The base data and methods of obtaining *them are the same for either
class, and it is only in the computation of the mean daily flow that
different methods are necessary.

In determining the daily discharge of streams w1th permanent beds,
the results of the discharge measurements are plotted on cross-section
paper, with gage heights as ordinates and discharges as abscissas.
Through these points a smooth curve is drawn, which shows the dis-
charge for any gage height, and from which a rating table is prepared.
The mean velocity and area determined for each discharge measure-
ment are also plotted. Through these points the curves of mean
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velocity and of area are drawn, and the rating curve is largely deter-
mined by taking the product of the mean velocity and the area at vari-
ous stages as determined by these curves. These curves of mean
velocity and area are of special value in determining the location of
the rating curve for stages at which actual discharge measurements are
not available and for extending the discharge curve outside the limits
of the measurements. In the preparation of the rating table the dis-
charge for each tenth or half-tenth on the gage is found from the
curve. The first.and second differences of these discharges are then
taken and adjusted according to the law that they shall either be con-
stant or increasing, never decreasing. The discharges in the table are
then changed in accordance with these adjusted differences. In mak-
ing up the station rating curve, the individual discharge measurements
and the conditions under which they were taken are carefully studied,
in order that proper weight shall be given to each measurement.
Rating curves in general take the form of a parabola, and as a rule the
high-water portion of the curve approaches a straight line. For sta-
tions of permanent character, the results of the measurements from
year to year should be within 5 per cent of the curve, with the excep-
tion of those taken during high water, when the probable error may
be as high as 10 per cent.

The determination of the daily discharge of streams with changeable
beds is difficult, and unless frequent discharge measurements are made,
the results obtained are only roughly approximate. For streams with
continually shifting beds, such as Colorado River and the Rio Grande,
discharge measurements are made every two or three days, and the
discharges for the intervening days are obtained by interpolation,
modified by the gage heights for these days. For stations with beds
which shift slowly, or are only materially changed during floods, sta-
tion rating curves and tables can be prepared for the periods between
changes, and satisfactory results can be obtained with two or three
measurements a month, providing measurements are taken soon after
the changes occur.

In determining the flow for periods when the streams are frozen,
special rating curves and tables have to be prepared from measure-
ments taken under these conditions. The methods of constructing
these curves and tables are the same as for open sections. The dis-
charge measurements, however, are taken either by integration in ver-
ticals or by the vertical velocity-curve method, as sufficient experi-
ments have not been made on ice-covered streams to determine the laws
which govern the position of the thread of mean velocity.

The Report of Progress of Stream Measurements for the Calendar
Year 1904, of which this is Part I, is published in a series of twelve
Water-Supply Papers, Nos. 124-135, inclusive, under the subtitles
following.
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Part 1. Atlantic coast of New England drainage.

Part 2. Hudson, Passaic, Raritan, and Delaware River drainages.

Part 3. Susquehanna, Patapsco, Potomac, James, Roanoke, Cape Fear, and Yadkin
River drainages.

Part 4. Santee, Savannah, Ogeechee, Altamaha rivers, and Eastern Gulf of Mexico
drainage.

Part 5. Eastern Mississippi River drainage.

Part 6. Great Lakes and St. Lawrence River drainage.

Part 7. Hudson Bay, Minnesota, Wapsipinicon, Iowa, Des Moines, and Missouri
River drainages.

Part 8. Platte, Kansas, Meramec, Arkansas, and Red River drainages.

Part 9. Western Gulf of Mexico drainage.

Part 10. Colorado River and Great Basin drainage.

Part 11. The Great Basin and Pacific Ocean drainage in California.

Part 12. Columbia River an1 Puget Sound drainage.

The territory covered by each paper is given in the subtitle, and
the larger drainages are, for convenience in arrangement, subdivided
into smaller ones, under which the data are arranged, as far as prac-
ticable, geographically.

These papers contain the data that have been collected at the regular
gaging stations, the results of the computations based upon the obser-
vations and such other information that has been collected that has a
direct bearing on these data, including, as far as practicable, descrip-
tions of the drainage areas and the streams draining them. :

For each regular station are given, as far as avallable the following
data:

1. Description of station.

List of discharge measurements.

Gage-height table.

Rating table.

. Table of estimated monthly and yearly discharges and run-off.

The descriptions of stations give, as far as possible, such general
facts about the locality and equipment as would enable the reader to
find the station and use the same. They also give, as far as possible,
a complete history of all the changes that have occurred since the
establishment of the station that would be factors in using the data
collected.

The discharge-measurement table gives the results of the discharge
measurements made during the year. This includes the date, the
hydrographer’s name, the gage height, and the discharge in second-
feet.

The table of daily gage heights gives for each day the mean height
of the surface of the river as found from the mean of the gage read-
ings taken on that day. At most of the stations the gage is read in
the morning and in the evening.

The rating table gives discharges in second-feet corresponding to
each stage of the river as given by the gage heights,

[

Ot o
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In the table of estimated run-oft the column headed ¢ Maximum” gives
the mean flow for the day when the mean gage height was the highest,
and it is the flow as given in the rating table for that mean gage height.
As the gage height is the mean for the day, there might bave been short
periods when the water was higher and the corresponding discharge
larger than given in this column. Likewise in the column of ¢ Mini-
mum” the quantity given is the mean flow for the day when the mean
gage height was lowest. The column headed ‘“ Mean” gives the aver-
age flow for each second during the month.” Upon this mean the
computations for the three remaining columns which are defined on
page 14 are based.

In the computations for the tables of this report the following gen-
eral and special rules have been used:

Fundamental rules for computation.

1. The highest degree of precision consistent with the rational use of time and money
is imperative. ]

. All items of computation should in general be expressed by at least two and by
not more than four sxgmﬁcant figures.

3. Any measurement in a vertical velocity, mean velocity, or discharge curve whose
per cent of error is 5 times the average per cent error of all the other measurements
should be rejected.

4. In reducing the number of significant figures, or the number of decimal places,
by dropping the last figure, the following rules apply:

(a) When the figure in the place to be rejected.is less than 5, drop it without chang-
ing the preceding figure. Example: 1,827.4 becomes 1,827,

(b) When the figure in the place to be rejected is greater than 5, drop it and increase
the preceding figure by 1. Example: 1,827.6 becomes 1,828,

(¢) When the figure in the place to be rejected is 5, and it is preceded by an even
figure, drop the 5. Example: 1,828.5 becomes 1,828.

(d) When the figure in the place to be rejected is 5, and it is preceded by an odd fig-
ure, drop theb and increase the preceding figure by 1. Example: 1,827.5becomes1,828.

5. In constructing and applying rating tables 2 maximum limit of one-half per
cent error should seldom be exceeded.

Special rules for computation.

1. Rating tables are to be constructed as close as the data upon which they are based
will warrant. No decimals are to be used when the discharge is over 50 second-feet.
2. Daily discharges shall be applied directly to the gage heights as they aretabulated.

3, Monthly means are to be carried out to one decimal place when the quantities
are below 100 second-feet. Between 100 and 10,000 second-feet, the last figure in the
monthly mean shall be a significant figure. This also applies to the yearly mean.

4. Second-feet per square mile and depth in inches for the individual months shall
be carried out at least to three significant figures, except in the case of decimals, where
the first significant figure is preceded by one or more naughts (0), when the quantity
shall be carried out to two significant figures. Example: 1.25;.125; .012; .0012. The
yearly means for these quantities are always to be expressed in three significant
figures and at least two decimal places.

The results of the stream measurements made during previous years
by the United States Geological Survey can be found in the following
IRR 124—05——2
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Survey publications. A detailed index of these reports is given in
Water-Supply Paper No. 119.

1888. Tenth Annual Report, Part II.
1889. Eleventh Annual Report, Part II.
1890. Twelith Annual Report, Part II.
1891. Thirteenth Annual Report, Part III.
1892. Fourteenth Annual Report, Part II.
1893. Bulletin No. 131.
1894. Bulletin No. 131; Sixteenth Annual Report, Part II.
1895. Bulletin No. 140.
1896. Water-Supply Paper No. 11; Eighteenth Annual Report, Part IV.
1897. Water-Supply Papers Nos. 15 and 16; Nineteenth Annual Report, PartIV.
1898. Water-Supply Papers Nos. 27 and 28; Twentieth Annual Report, Part I'V.
1899. Water-Supply Papers Nos. 35 to 39, inclusive; Twenty-first Annual
Report, Part IV.
1900. Water-Supply Papers Nos. 47 to 52, inclusive; Twenty-second Annual
Report, Part IV.
1901. East of Mississippi River, Water-Supply Papers Nos. 65 and 75.
West of Mississippi River, Water-Supply Papers Nos. 66 and 75.
1902. East of Mississippi River, Water-Supply Papers Nos. 82 and 83.
West of Mississippi River, Water-Supply Papers Nos. 84 and 85.
1903. East of Mississippi River, Water-Supply Papers Nos. 97 and 98.
West of Mississippi River, Water-Supply Papers Nos. 99 and 100.
1904. East of Mississippi River, Water-Supply Papers Nos. 124 to 129, inclusive.
West of Mississippi River, Water-Supply Papers Nos. 130 to 135, inclusive.

A limited number of these are for free distribution, and as long as
the supply lasts they may be obtained by application to the Director
United States Geological Survey or to members of Congress. Other
copies are filed with the Superintendent of Public Documents, Wash-

“ington, D. C., from whom they may be had at prices slightly above
cost. Copies of GGovernment publications are, as a rule, furnished to
the public libraries in our large cities, where they may be consulted
by those interested.

COOPERATION AND ACKNOWLEDGMENTS.

Most, of the measurements presented in this paper have been obtained
through local hydrographers. Acknowledgment is extended to other
persons and corporations who have assisted local hydrographers or
have cooperated in any way, either by furnishing records of the height
of water or by assisting in transportation.

The following list, arranged alphabetically by States, gives the
names of the resident hydrographers and others who have assisted in
turnishing and preparing the data contained in this report:

Connecticut.—Resident hydrographer, N. C. Grover, until July 1, after that tlme
H. K. Barrows, assisted by S. K. Clapp and T. W. Norcross. Acknowledgment

should be made to Edwin D. Graves, chief engineer of the Connecticut River bridge
and highway district, for gage heights of Connecticut River near Hartford.

@ The office of the resident hydrographer for New England, 6 Beacon street, Boston, Mass.
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Maine.—Resident hydrographer, N. C. Grover, until July 1, aiter that time H. K.
Barrows; assisted by F. E. Pressey. Acknowledgments should be made to the
Bangor and Aroostook Railroad and the Somerset Railroad for annual passes issued
to N. C. Grover (later to H. K. Barrows) and F. E. Pressey; to the Maine Central
Railroad for annual pass, good between Portland and Vanceboro, issued to N. C.
Grover (later to F. E. Pressey), and to the Portland and Rumford Falls Railroad for
trip passes issued when desired. Thanks are due to the following individuals and
corporations for data furnished and assistance rendered: H. 8. Ferguson, engineer
for the Great Northern Paper Company, for furnishing data on flow of Penobscot
River at Millinocket; Dr. L. S. Chileott, of Bangor, for gage readings of Phillips
Lake; Hollingsworth & Whitney Company, of Winslow, through James L. Dean,
their engineer, for records of flow of the Kennebec at Waterville; C. 8. Humphreys,
C. E., of Madison, for assistance in installing gage at Madison electric plant on Sandy
River, and the use of the plant for the purpose of procuring data on flow; the Chase
Manufacturing Company, at Waterville, for the use of their dam on Messalonskee
River for measurement purposes; Alex. II. Twombley, engineer for the Forest Paper
Company, of Yarmouthville, for records of flow of the Cobbossecontee; C. A. Mixer,
engineer for the Rumford Falls Power Company, for records of flow of Androscoggin
River at Rumford Falls; S. D. Warren & Co., of Westbrook, for records of flow of
the Presumscot. :

Massachusetts.—Resident hydrographer, N. C. Grover, until July 1; after that time,
H. K. Barrows, assisted by 8. K. Clapp and T. W. Norcross. Acknowledgments
should be made to the Boston and Albany Railroad for pass, good between Boston
and Pittsfield, issued to H. K. Barrows; R. A. Hale, principal assistant engineer of
the Essex Company, Lawrence, for records of flow of Merrimac River at that
point; Frederic P. Stearns, chief engineer of the Metropolitan Water and Sewerage
Board, for records of flow of Sudbury and Nashua rivers and Lake Cochituate; X. H.
Goodnough, chief engineer State Board of Health, for information regarding various
streams in Massachusetts; the George H. Gilbert Manufacturing Company, of Ware,
for assistance in procuring records of flow of Ware River at Gilbertville; the
George H. Gilbert Manufacturing Company and the Otis Company, of Ware, for assist-
ance in maintaining gaging station at Ware; John T. F. MacDonnell, of Holyoke,
for the use of the dam at West Warren for measurement purposes; the West Warren
Paper Company, through Dwight Holland, manager, for assisting in procuring data
regarding flow of Swift River at West Ware. ’

New Hampshire.—Resident hydrographer, N. C. Grover, until July 1; after that
time, H. K. Barrows, assisted by 8. K. Clapp, F. E. Pressey, and T. W. Norcross.
Acknowledgments should be made to the Maine Central and Boston and Maine
Railroad for passes in New Hampshire, issued to N. C. Grover (later to H. K. Bar-
rows) and 8. K. Clapp; Walter H. Sawyer, agent of the Union Water Power Com-
pany, Lewiston, for assisting in procuring records of flow of Androscoggin River
at Errol dam, and for other data concerning Androscoggin River; Hollis French,
of French & Hubbard, Boston, for data regarding flow of the Merrimac at Garvins
Falls and the use of this plant for measurement purposes; also to G. G. Shedd, resi-
dent engineer at this point, for assistance rendered. .Measurements of Connecti-
cut River at Orford were made in part by Prof. C. A. Holden, of Dartmouth College.

Rhode Island.—Resident hydrographer, N. C. Grover, until July 1; after that time,
H: K. Barrows, assisted by S. K. Clapp and T. W. Norcross.

Vermont.—Resident hydrographer, N. C. Grover, until July 1; after that time,
H. K. Barrows, assisted by 8. K. Clapp and T. W. Norcross. Acknowledgments
should be made to Profs. A. D. Butterfield and G. M. Brett, of the University of Ver-
mont, for assistance rendered; to the Boston and Maine Railroad for passes issued
to N. C. Grover (later to H. K. Barrows) and 8. K. Clapp; to the Rutland Railroad
for pass issued to H. K. Barrows, and to the St. Johnsbury and Lake Champlain
Railroad for pass issued to H. K. Barrows.
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ST. JOHN RIVER DRAINAGE BASIN.

St. John River drains the largest basin between St. Lawrence River
on the north and Susquehanna River on the south. Its total drainage
area is stated by Wells¢ to be 26,000 square miles, of which approxi-
mately 7,500 square miles lie in Maine, its basin occupying the whole
northern portion of the State. The extreme headwaters lie in the
mountainous region between Maine and Canada, at elevations of 1,500
and 2,000 feet; thence its waters flow at first generally northeasterly
through Maine. From the point of junction of the northwest and
southwest branches, where the river first takes its name, to its junc-
tion with St. Francis River, a distance of 90 miles, its course lies
wholly in Maine, although a portion of the tributary area lies in
Canada. In this distance Alleguash River is the only tributary of
importance. Wells estimates the average slope in the 90 miles to be
1.6 feet per mile. From its junction with St. Francis River the
St. John forms the northern boundary of Maine for 70 miles. Within
this distance the slope is slightly greater than above, having been
estimated to be 2.7 feet per mile, while the volume is considerably
augmented by two important tributaries—Fish River from the south
and Madawaska River from the north. At the point where it leaves
the State line the river has an elevation of about 420 feet above sea
level and drains an area of 8,765 square miles, of which 4,670 square
niles are in Maine and 4,095 square miles in Canada. Beyond this
point it receives the waters of Aroostook and Meduxnekeag rivers,
the basins of which are almost entirely in Maine, besides several
smaller tributaries having their sources, and in some cases a large
portion of their drainage basins, in the same State.

The underlying rock is generally deep and either calcareous or clay
slate. The basin is well forested; large areas have never been touched
by the ax, while other portions have been lumbered for pine only.
Probably 85 to 90 per cent of the whole basin tributary to the river at
the eastern boundary of Maine is in forest. :

According to Wells, the ponds and lakes in this basin in Maine
aggregate a total surface area of 314 square miles. Of this water sur-
face 120 square miles, or 38 per cent, are tributary to Alleguash River
(86 square miles of which have been diverted to Penobscot River); 60
square miles, or 19 per cent, are tributary to Aroostook River; and
80 square miles, or 25 per cent, are tributary to Fish River. At
the outlets of several of these lakes dams have been built which store
water to be used in transporting logs.

Prior to 1845, a canal was cut from Telos Lake in the Alleguash
- basin to Webster Lake in the Penobscot basin, and a dam was con-
structed between Chamberlain and Eagle lakes. Thus, by means of

a Wells, Walter, The water power of Maine, 1869.
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these artificial structures, Chamberlain Lake, with its drainage basin
of 270 square miles, was made tributary to the Penobscot. This
diversion of St. John water is still continued. During the log-driving
season, which varies considerably in its duration, nearly all of the
run-off from this area is thrown to the Penobscot, while during the
remainder of the year the gates in the dam at Chamberlain Lake are
opened and water is allowed to flow both ways. On account of the
fact that the gates in the dam at the outlet of Chamberlain Lake are
about 2 feet lower than those in the dam at Telos Lake, the flow from
this basin to the St. John is greater than that to the Penobscot when
the gates in both are open. As the surface of the lake is lowered the
proportion flowing to the St. John increases until at extreme low
water none flows to the Penobscot.

Both the upper St. John and Alleguaﬂh rivers are general]y inac-
cessible. The middle portion, forming the northern boundary of the
State, may be reached on the Canadian side at any point by the Tem-
iscouata Railroad, or in Maine at Fort Kent and Van Buren by the
Bangor and Aroostook Railroad, while the basins of Fish and Aroos-
took rivers are rendered easily accessible by means of the latter road.
The drainage areas of the stream and its principal tributaries are as

follows:
Drainage areas of St. John River and principal tributaries.

River. Locality. ‘ Area.

Square miles.

St. John......... ... Below Allegash ... ... . ... . ... ... .. 4,320
Do.oeoiai oo Eastern boundary of Maine . ......__....__.... 8, 765

St. Francis.. ... ....... Mouth .. iaaio.. 580
Madawaska .. ________._.l..... s U R 1,085
Tobique wuun oo & U R 1,705
Alleguash ... ... ... ..|..... 1 (o Y 1, 500
Fish .. ... ..... 6 s T 910
Do Wallagrass .. ..oococnomieoaaeaaaaaens 890
Aroostook .. ............ Mouth ... e e 2, 350
Do.oo Fort Fairfield ...... ... ..___..._. e 2,230
Meduxnekeag._._...._... Mouth - il 520

No measurements of flow of St. John River have been published.
The United States Geological Survey maintains gaging stations in
this basin on Fish River at Wallagrass, Me., and on Aroostook River
at Fort Fairfield, Me.

FISH RIVER AT WALLAGRASS, ME.

Fish River enters the St. John from the south at Fort Kent. It has
a total drainage area of 910 square miles, all of which lies in Maine,
and of which 80 square miles are water surface. The basin is very
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generally wooded, probably 75 or 80 per cent of its area being still in
forest. Of the several available power sites one only is partially
developed and used for the manufacture of lumber. The underlying
rock is shale or slate, and in general is well covered by soil.

The gaging station at Wallagrass was established by N. C. Grover
on July 29, 1903. It is located just below the outlet of Wallagrass
Brook. The area of the drainage basin at this point is 890 square
miles. A standard chain gage is attached to trees on the bank;
length of chain, 89.75 feet. It is referred to bench marks as follows:
(1) Copper bolt in ledge 600 feet downstream from gage; elevation,
11.78. (2) Nail driven in blazed birch tree 5 feet upstream from gage;
elevation, 11.91 feet. FElevations refer to datum of gage. The meas-
urements of flow are made from a cable located about 1,500 feet down-
stream from the gage, or by wading at low stages of the river. The
channel is straight 500 feet above and 300 feet below the cable, and is
about 100 feet wide. The bed is permanentand of gravel. The depth
increases gradually from either bank to a maximum at low water of
3.5 feet near the center. The current at the cableis generally strong.
At extreme low water the observed mean velocity was 0.63 of a foot
per second. The banks are high and are not liable to overflow. The
gage is read once a day by Vital E. Michaud, of Wallagrass.

The observations at this station during 1904 have-been made under
the direction of H. K. Barrows, district hydrographer.

Discharge measurements of Fish River at Wallagrass, Me., in 1903 and 1904.

Date. Hydrographer. :elgilo(x)lf . vggg‘il‘l;y. h%;lg et‘ Discharge.

1903. N Square feet. | Ft. per sec. Feet, Second-feet.
September 18 __| F. E. Pressey ..._...._.. 269 0.97 2.80 260
September 18 . _|..... dOo s 269 .97 2.80 261
October 20_..__....__ do oo 53 2. 80 2. 40 148
October 20...._|..._. do ol 208 .69 2.40 144
October 29.....[..... do i 205 .63 2.13 129
October 29._ ... . do i 33 3.30 2.06 109
November 12 . ... _. do..... e 241 .83 2. 50 200

1904.
May 5......... F. E. Pressey.......... 1,680 4.57 | 12.98 7,690
May 5.........]-... do ... 1, 680 4.49 | 12.97 7,540
June 2 ... .. lj..... do ... 990 3.53 8.95 3,490
June 2 (... .. .ll.... do .. 1, 000 3.50 9.00 3, 500
June 16 ... ... “ ..... do .o 740 2.48 6.35 1, 840
June 16 ... ... ... do ..ol 730 2.40 6.29 1,760
August 9 ... .l..... do .. ... .......... 305 1.16 3.19 356
OQtOber 27 do ... ...... 615 2.24 5.39 1, 380
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Mean duaily gage height, in feet, of Fish River at Wallagrass, Me., for 1904.

Day. Feb. | Mar. | Apr. l May. | June. ; July. | Aug. | Sept. | Oct. | Nov. | Dec.
4.3 3.5 | 10.6 9.3 5.0 3.6 3.2 6.0 5.0 3.6
4.3 3.8 11.2 8.0 4.9 3.4 3.2 6.0 5.0 a3.7
4.3 3.1 12.3 8.8 4.8 3.4 3.3 6.1 4.9 3.8
4.3 3.1 12.8 8.2 4.7 3.4 4.0 6.2 4.8 3.8
4.3 3.2} 18.2 81 4.8 3.3 4.2 6.4 4.7 3.7
4.3 3.2 13.4 8.1 4.7 3.3 1.3 6.4 4.6 3.7
4.3 3.2 13.6 8.0 4.6 3.2 4.3 6.3 4.6 3.6
4.3 3.3 | 13.4 7.8 4.6 3.2 4.4 6.1 4.5 3.3
4.4 3.3 | 13.2 8.0 4.4 3.2 4.4 6.1 4.4 3.3
4.5 3.3 | 13.3 7.7 4.3 3.3 4.4 6.1 1.3 3.3
4.7 3.6 13.4 7.0 4.2 3.4 4.4 6.1 4.4 ()
4.7 3.8 13.6 6.8 4.1 3.3 4.4 6.1 4.6 |.......
4.7 4.0 13.6 6.7 4.2 3.2 4.5 6.1 4.5 . ...,
4.7 4.2 13.4 6.6 4.5 3.3 4.6 6.0 4.3 [......
47 4.3 ] 12.7 6.4 4.4 3.2 4.6 5.9 4.3, 5.2
4.6 4.4 12.4 6.4 4.4 3.2 4.7 5.9 4.2 ool
4.6 4.5 ] 12,0 6.1 4.3 3.2 4.7 5.9 4.2 ...
4.6 4.6 | 1.8 6.1 4.2 3.2 4.7 5.9 4.0 ...

- 4.6 4.8 1L.6 6.0 4.2 3.2 4.8 5.9 3.9 ...
4.6 5.0 | 11.4 5.7 4.1 3.2 5.0 5.8 3.8 |.......
4.7 52| 1L1 6.8 4.0 3.2 5.0 5.8 3.8 d4.4
4.8 5.4 | 10.9 6.0 3.9 3.2 5.0 5.8 3.7 [ieeoon
4.8 5.6 | 10.6 5.2 3.9 3.3 5.0 5.6 F: 2 A PO,
4.8 59! 10.4 5.8 3.9 3.3 5.1 5.6 3.7 eeennn.
4.8 6.5 | 10.1 5.1 3.8 3.4 5.2 b.b 8.7 leeenann
4.7 7.2 10.0 4.9 3.8 3.4 5.2 b.b 37 Jeeeannn
4.5 7.6 9.9 5.0 3.7 3.3 5.2 5.4 3.7 el
4.3 8.0 9.6 5.3 3.7 3.3 5.2 5.3 3.6 l.ooo.. .
421 91] 1w0.1| 53| 38| 83| 52| 53| 8.6[......
4.0 | 10.3 9.8 5.1 3.7 3.2 5.4 5.3 3.6 e4.2
3.8 [cacennn 9.2 [....... 3.7 3.2 [ceeeann [0 PR

aRiver frozen over. ! bIce 0.5 foot thick.
c¢Ice 1.2 foot thick. dTce 1,6 foot thick. elce 1.9 foot thick.

NoTe.—Gage readings through ice taken to surface of water in a hole eut in the ice.
AROOSTOOK RIVER AT FORT FAIRFIELD, ME.

Aroostook River enters the St. John from the west near Aroostook
Junction in the province of New Brunswick. It has a total drainage
area of 2,850 square miles, of which 2,320 square miles lie in Maine.
Probably 80 per cent of the whole basin is in forest. The underlying
rock is usually slate. Lake storage is used for driving logs only.
Water power is used in Presque Isle. The principal falls onthe river,
known as Aroostook Falls, lie in Canada.

This gaging station was established by N.-C. Grover on July 31,
1908. It is located at the steel highway bridge in the village of Fort
Fairfield. The drainage area at this point is 2,230 square miles. "~ A
standard chain gage is attached to the steel webbing of the upstream
truss; length of chain 27.61 feet. It is referred to bench marks as
follows: (1) Northwest corner of south abutment, elevation 22.43 feet.

~
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(2) Marked point on connection plate near gage, elevation 23.60 feet.
Elevations refer to datum of gage. The initial point for soundings is
on the right bank at the lower end of the inclined end post of the
downstream truss. The channel is straight for at least 1,000 feet
above and 1,000 feet below the station, and is about 350 feet wide,
broken by three piers. The bed is of gravel and permanent. The
banks are high and not liable to overflow. The current is medium
at low water and swift at high water; the least observed mean velocity
was 0.74 of a foot per second, at gage height 3.31 feet. The depths
are small at low water, averaging about 2 feet. The gage is read twice
daily by C. C. Harvey.

The observations at this station during 1904 have been made under
the direction of H. K. Barrows, district hydrographer.

Discharge measurements of Aroostook River at Fort Fairfield, Me., in 1903 and 1904.

Date. Hydrographer. s‘:fa%foﬁf v g(fcs#y' h(giagglft. Discharge.

1903. Square feet. | Ft. per sec. Feet. Second-feet.
July 13........ N.C. Grover .......... 547 1.44 3.70 785
September 10._|..... do ... 363 .74 3.31 270
October 27. ___. F. E. Pressey . ......... 406 .80 3.36 326

1904.
May 3......... F. E. Pressey - .- ....... 4,690 5.94 | 13.33 27,900
May 10..._.... 1 ..... A0 oo 3, 050 524 | 10.02| 16,000
May 25_._..__. loeenn do ... . 2,180 4.62 8.21 10, 100
May 25 ... ..... do ... ... 2, 100 4.58 8.05 9, 620
Juned.. .. ....|..... do ..., 1,220 3.48 5.75 4,250
Juneld. . .. ... do o o . 1,030 3.21 5.34 3,310
August11..____|..... [ ¥ R 428 .97 3.44 415
October 25..___|..... do .ol 950 2.66 4.96 2,530

Mean daily gage height, in feet, of Aroostook River at Fort Fairfield, Me., for 1904.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. ; Aug. | Sept. | Oct. | Nov. | Deec.

12.80 | 6.90| 5.50 ) 3.95| 3.50 | 6.35 | 4.90 | 3.90
13.60 | 6.50 | 5.20} 3.85| 8.65 | 6.95 | 4.80 4.20
13.25 | 6.15| 5.35 | 3.80| 3.60| 6.85| 4.70 | 4.30
12.55 | 5.80 | b.65| 3.70| 38.95| 6.45| 4.60 | 4.30
12.35| 6.15| b.70 | 3.70 | 5.55 | 6.10 | 4.55 | 4.20
12,75 | 6.30 | 5.60 ] 3.70| 6.05| 5.85| 4.50 | 4.10
12,65 | 6.65| 5.10| 3.60 | 5.75| 5.66| 4.50 | 4.30
11.90 | 6.80 | 4.80 ; 3.60 | 5.30 | 5.50 | 4.35| 4.35
11.80 | 6.70 { 4.60 | 3.60 | 510 5.35| 4.30 4.30
10.70 | 6.25 | 4.35| 3.60 | 4.85| 5,30 | 4.25 | 4.30
10.10 | 5.90 | 4.25| 3.60 | 4.55 | 5.30 | 4.20| 4.45
9.90 ] 5.80| 4.06) 3.55| 4.40| 5.40] 4.05| 4.55
alce 2.2 feet thick. bIce 2.1 feet thick; gage height to top of ice=5.1 feet.  ¢Ice 1.7 feet thick.
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Mean daily gage height, in feet, of Aroosiook River at Fort Fairfield, Me., for 1904—Con.

Day i Jan. | Feb, | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec
) & S ( ....... ad,10 |..ooilfeeanas 9.50 | 5,70 | 4.05| 3.60 | 4.835| 5.35| 4.00 | 4.35
4.l [ U PO 8.95| 5.40| 4.35| 3.60| 4.20] 5.15 | 410 | 4.20
b U F Lo ‘ ..................... 8.95| 5.15| 490 3.70 | 4.20| 4.95 | 4.30 | 4.20
16 ol ‘ 5.20 |..o..iieiio.s 10.10 | 8.85 | 4.95 | 4.95| 3.80| 5.36 | 5.10 | 4.00 | 4.10
S SO SOUUUU! AU FUR P 8.60| 4.80 | 4.65| 3.86| 6.10 | 5.06| 3.95 |b4.10
D & S, 1 ................................... 4.656 | 4.50 | 3.80 | 5.95| 4.95| 4.10 |......
19 e ‘ ....... 500 | 7.80 f..:.... 4.45 | 4.25) 3.80 ) 5.8 | 4.90| 3.75|......
200 .l A4.10 |...ooifeaaan. . 4,45 | 4.20 | 3.85| 5.80 | 4.8 | 8.75 |......
P72 W D PR ' ....... 4,30 | 400! 3.80| 5.80| 4.8 | 3.95|......
.S Y (SRR PPN R i ....... 4,151 4.00 | 3.90 | 5.65 | 4.80| 4.05 |......
28t €490 il 400 3.90| 3.95| 545| 4.8 | 410]......
24, SN FURUUI AU U R 3.95| 3.75| 3.90| 5.25| 4.95| 3.90 |74.10
- ) P ) Pt PR 4,10 | 8.70 | 3.8 | 5.20| 505} 3.90 |......
Y PR P SO SN ‘ ....... 4.30 | 3.70 | 3.80| 5.6 | 5.00] 3.8 |.
1 O PN €5.00 |o.oo]aeians ‘ ....... 595 38.75| 3.66 5.80| 5,00 | 3.9 |......
b TR DR [ P PR PP 6.26 | 3.75| 8.50| 5.75| 510 3.90 }......
. N U U SOV U ORI 5.75 | 8.75| 8.50 | 5.56 | 5.15| 4.20 |......
80 4,60 .. .oo|oeaoo. 13.35 5.35 | 3.8 | 3.50 | 5.50| 5.06| 3.95|......
2 O ] (A 3.90 | 3.50 |....... 5.00 |....... ¢4.10

a Ice 2 feet thick; gage height to top of ice=5 feet. eJIee 1.5 feet thick.

bIce .2 foot thick, fIce .8 foot thick.

clee 2.1 feet thick. gIce 1.1 feet thick.

dlce 2.2 feet thick; gage height to top of ice=5 feel.

Note.—During frozen season gage readings are to surface of water in hole cut in ice. Ice floats

normally on water except as noted.

Rating table for Aroostook River at Fort Fuirfield, Me., from August 1, 1908, to
December 81, 1904. '

h%?ggl?t. Discharge. h(ziagg}ft. Discharge. h(z?gg];}t. Lischarge. h(:‘z?ggl?t. Discharge.
Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet.
3.00 48 3.95 1,022 5.70 4,005 8.00 9,500
3.06 79 4.00 1,087 5. 80 4,215 8.20 10, 100
3.10 12 || 4.10 1,220 | 5.90 4,425 | 8.40 | 10,710
3.15 147 4,20 1, 360 ] 6. 00 4,635 8.60 11, 330
3.20 185 4.30 1, 500 6.10 4,845 8. 80 11, 960
3.26 226 4. 40 1,645 6.20 5, 060 9. 00 12,600
" 3.30 270 4.50 1,795 6. 30 5,275 9.20 13, 240
3.35 317 4. 60 1,950 6.40 5,495 9.40 13, 900
3.40 368 4,70 2,110 6. 50 5,715 9.60 14, 560
3.45 422 4. 80 2,275 6. 60 5,940 9. 80 15, 230
3. 50 478 4.90 2,445 6.70 6,165 10. 00 15,910
3.55 535 5.00 2,620 6.80 6, 395 10. 50 17, 650
3.60 593 5.10 2,805 6.90 6, 630 11. 00 19, 400
3.65 652 5.20 2,995 7.00 6, 865 11. 50 21, 200
3.70 712 5.30 3,190 7.20 7,345 12. 00 23, 000
3.75 772 | 5.40 3,300 || 7.40 7,840 | 12.50 | 24,850
3.80 833 | 5.50 3,595 | 7.60 8,360 | 13.00 | 26,700
3.85 895 5.60 3,800 7.80 8,910 13.50 28, 600
3.90 958
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The foregoing table is applicable only for open-channel conditions. It is based
upon 11 discharge measurements made during 1903 and 1904. Tt is well defined
between gage heights 3.30 feet and 13.30 feet. The table has been extended beyond
these limits. Below gage height 3.3 feet the curve is very uncertain.

Estimated monthly discharge of Aroosiook River at Fort Fairfield, Me., for 1903 and 1904.

[Drainage area, 2,230 square miles.]

Discharge in second-feet. Run off.
Month. econd-fee i
Maximum.| Minimum. | Mean. Spel;nsi g'aret Di;lz;lhesl'n
1903.
August ... 1,290 368 641 0.287 | 0.331
September. ... ... ... 1,087 226 473 . 212 . 236
October ... . ... .. ... 422 79 217 . 097 .112
November. ... ... ....... 2,110 270 910 . 408 . 4565
December 1-14. .. ... ______.._. 1, 645 317 | 1,100 . 326 .170
1904.
May 1-17_.. .. ... ....... -----] 28,980 11,330 | 19,920 8.93 5.65
June ... .......... 6,630 1,022 3,648 1.64 1.83
July ool 4,005 712 | 1,825 .818 .943
August ... oo... 1,022 478 734 . 329 .379
September. ... ... ... 4,845 478 2, 985 1.34 1.49
October ... . ... ... 6, 748 2,275 | 3,352 1.50 1.73
November. ... ... .. ... .. 2, 445 772 | 1,348 . 604 . 674
December 1-17_ . ..... ... ..... © 1,872 958 1,429 .641 . 405

ST. CROIX RIVER DRAINAGE BASIN;

St. Croix River is formed by two branches; one, known as the
upper St. Croix or Chiputneticook River, is the outlet of Schoodic
Lakes; the other, Kennebasis River, is the outlet of the western lakes
of the area, known as Kennebasis Lakes. The upper St. Croix, with
its tributary lakes, forms nearly half of the eastern boundary of Maine,
separating that State from New Brunswick. The total drainage area
of the main stream is about 1,680 square miles, of which 920 square
miles are tributary to the great reservoir systems controlled by dams
at Vanceboro and Princeton. The length of the stream from the
headwaters to the mouth is 100 miles. The basin is, in general, lower
than that of any of the larger streams of the State flowing into the
Atlantic, its headwaters having an elevation of about 540 feet. The
fall from Chiputneticook (the lower of the Schoodic Lakes) to tide
water, a distance of 54 miles, is, however, 882 feet, or 7 feet to the
mile. At anumber of places where falls and rapids occur water power
has been or can easily be developed.
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The lake surface of the upper St. Croix is approximately 50 square
miles, and that of the West Branch 70 square miles in avea, taking
into account only the principal lakes and ponds. Indeed, above
Vanceboro and Princeton, each branch of the river is simply a succes-
sion of lakes to almost the extreme headwaters. Wells estimated the
total lake surface of the St. Croix as not less than 150 square miles,
or nearly one-tenth of the total basin. The drainage area at various
points on the river is given in the following table:

Drainage area of St. Croix River.

Main river: Sq. mileg,
Vanceboro dam, foot of the Schoodic Lakes. .. ............. 420
Little Falls. - .o i 500
Immediately above mouth of West Branch..._._____..._.... 690
Immediately below mouth of West Branch - ._._..._....._. 1, 360
Spragues Falls. ... . . L. 1,390
Calais, lower dam ..... . i e e e 1,530

" Mouth of river, eastern border of town of Calais..._....._. 1,630

West Branch:

Princeton dam . ... ... ... 500
Confluence with main river .___. et e 670

A large proportion of the drainage basin is still covered with tim-
ber, and above Vanceboro and Princeton the region is for the most
part wild and inaccessible. The greater part of the timber land in this
region is controlled by sawmill owners at Calais and St. Stephen.
In 1898 the amount of lumber sawed annually had decreased from
. about 100 million feet to 25 million feet, and since then the number
of sawmills has been greatly reduced. In 1901 the lumber sawed
amounted to 28 million feet, showing that the rate of cutting has
remained nearly constant during the last few years. There are on
this stream favorable locations for paper and pulp mills, but arrange-
ments would have to be made with the sawmill owners in order to
obtain a supply of timber.

The river is navigable as far as Calais, except during two months
of the year, when it is frozen. Calais has railroad connection with
Bangor directly over the Washington County Railroad, and, by way
of Vanceboro, over the Canadian Pacific and the Maine Central rail-
roads. There is also a short road connecting Princeton with Calais.
Above Princeton the transportation facilities are poor.

ST. CROIX RIVER AT SPRAGUES FALLS, NEAR BARING, ME.,

This station was established December 4, 1902, by F. E. Pressey.
The drainage area at this point is 1,390 square miles. A standard
chain gage is attached to the lower guard timber of the Washington
County Railroad bridge; length of chain, 24.84 feet. It is referred to
bench marks as follows: (1) The downstream corner of bridge seat on
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right abutment; elevation, 17.60 feet.
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(2) Copper bolt in bowlder on

right bank about 200 feet downstream from the bridge; elevation,
15.98 feet. Elevations refer to the datum of the gage.

The measurements of flow are made from a car suspended on a steel
cable stretched over the river about one-half mile above the bridge.
The initial point for soundings is 60 feet from small pine tree near
anchorage on right bank. The channel is straight for 100 feet above
and 1,000 feet below the cable, and has an unbroken width of about 200
feet at ordinary stages. The banks are high and rocky, and the bed
is rocky and permanent. The observed mean velocity at the cable has
‘varied between 5.49 feet per second at gage height 9.70 feet and 1.29
feet per second at gage height 6.53 feet. The measurement at gage
height 6.11 feet was made from the bridge to which the gage is
attached; mean velocity, 1.41 feet per second. The gage is read twice
daily by Simeon Phinney, section foreman on the Washington County
Railroad, who resides in Baring, Me. .

The observations at this station during 1904 have been made under
the direction of H. K. Barrows, district hydrographer.

Discharge measurements of St. Croix River ai Spragues Falls, near Baring, Me., in 1908

and 1904. -
Date. Hydrographer. g‘;r(if;o‘;f. " vg{g?i?y. h(giagglft. Discharge.
|

1903. Square feet. | Ft. per sec. Feet Second-feet.
March 21 .. __.. R.M.Connor ... _...... 1,070 5.50 9.70 5,880
April 20 ... .. ... do ... 984 5.15 9.30 5,060
April 28 .. . .. do ... 751 3.59 8.30 2, 700
April 20 ... .. do ... 778 3.84 | 8.40 2, 990
May 18 ... .. R do .ol 628 2.30 7.20 1,450
May 19 _....... ... i 658 2.34| 7.30 1,540
September 9 .. .| F. E.Pressey........... 609 1.29 6.53 787
September 9« __i. ... do ... 609 1.31 6.55 796
October1._.._. : N.C.Grover ..._....... 418 1.41 | 6.11 589

1904. ‘
April 27 ... | F.E.Pressey........... 990 4.80 | 9.27 4,840
August 23¢ ___ -I ..... do .. .... 870 2.39 7.10 1, 360

aMade at bridge.
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Mean daily gage height, in feet, of St. Croix River at Spragues Falls, near Baring, Me.,
Jfor 1904. .

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.

8.4
8.4
8.3

1 [ERRREE EEEERE 8.0 |....... 8.7 ..., OTUO B A T PR 2520 P 6.8

alce 0.85 foot thick.

b River clear of ice.

cIce 1 foot thick.

dIce 1.1 feet thick.

eIce 1.25 feet thick.

J Thaw; water running on top of ice,

9 Water and ice same height; ice 0.4 foot thick; river froze about Jan. 19.

NoTE.—During frozen season gage readings are to surface of water in hole cut in ice.
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Rating table for St. Croix River at Spragues Falls, near Baring, Me., from December 4,
1902, to December 31, 1904. p

h(g?gglft. Discharge. h%?g e’c. Discharge. h(giagg}?t. Discharge. ‘ h(i?ggﬁt. Discharge.
Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet.
5.9 525 7.1 1,330 8.3 2,775 9.5 5, 450
6.0 655 7.2 1,440 8.4 2,920 I 9.6 5, 750
6.1 585 7.3 1,550 8.5 3,075 || 9.7 6, 055
6.2 620 7.4 1, 660 8.6 3, 245 9.8 6, 360
6.3 660 7.5 1,775 8.7 3,430 10.0 6,970
6.4 710 7.6 1, 890 8.8 3,635 10.2 7,580
6.5 770 7.7 2,010 8.9 3, 855 10.4 8,190
6.6 840 7.8 2,130 9.0 ' 4,090 10.6 8, 800
6.7 925 7.9 2, 255 9.1 4, 340 10.8 9, 410
6.8 1,020 8.0 2, 380 9.2 4, 605 11.0 10, 020
6.9 \ 1,120 8.1 2,510 9.3 4, 880 11.5 11, 545
7.0 | 1,225 ! 8.2 2, 640 9.4 5,160 \(

The above table is applicable only for open-channel conditions. It is based upon
11 discharge measurements made during 1903 and 1904. It is well defined between
gage heights 6.10 feet and 9.50 feet. The table has been extended beyond these
limits. Above gage height 9.60 the rating curve is a tangent, the difference being
305 per tenth. :

Estimated monthly discharge of St. Croix River at Spragues Falls, near Baring, Me., for

1904.¢
[Drainage area, 1,390 square miles.]
Discharge in second-feet. - Run-off.
Month. s d-feet .

Maximum. | Minimum. Mean. pegcr!?tlglg;z Dl‘fl%%hesm
April oo oo 14, 290 2,380 | 6,027 4.34 4.84
MaY oo 12, 760 3,075 | 7,026 5. 05 5. 82
June . ... ... 2,920 2,130 = 2,606 1. 87 2.09
JULY oL 3, 855 2,130 | 3,089 2.22 2,56
August . ... 2, 380 1,120 | 1,495 1.08 1.24
September. ... ... oooooo_..... 1, 330 925 | 1,140 .820 .915
OCtODeT - oo 2,130 925 | 1,368 984 | 1.18
November .................... 1,550 840 | 1,102 .793 .88
December ... ... ... ... 2, 255 925 1,418 1.02 1.18

aSunday discharges interpolated.
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MACHIAS RIVER DRAINAGE BASIN.

The Machias may be taken as fairly representative of several of the
smaller streams of Maine which empty their waters directly into the
ocean, and which are commonly referred to as ‘‘coastal rivers.” Its
total drainage basin is 495 square miles, nearly all of which lies in
Washington County, Me. Its extreme headwaters lie at an elevation
of nearly 500 feet, and are not more than 50 miles from tide water.
Wells listed 20 lakes in this basin, aggregating 29.5 square miles in
area of water surface. Without important exception these lie, how-
ever, in the extreme headwaters. Dams are maintained at several of
the outlets of the lakes, and the stored water is used for log driving.

The underlying rock is usually granite. Probably 70 to 80 per cent
of the basin is still in forest.

MACHIAS RIVER NEAR WHITNEYVILLE, ME.

This gaging station was established October 17, 1903, by F. E.
Pressey, at the bridge of the Washington County Railroad, near
Whitneyville. The drainage area at this point is 465 square miles.
A standard chain gage is attached to the guard timber on the down-
stream side of the bridge; length of chain, 25.34 feet. It is referred
to the following-described bench marks: (1) Copper bolt in outerop-
ping ledge on upstream side of .railroad track and 170 feet from the
face of left abutment; elevation, 20.12 feet. (2) Downstream outer
corner of bridge seat of right abutment; elevation, 18.05 feet. (3)
Marked point on floor beam of bridge at zero end of gage; elevation,
23.89 feet. Elevations refer to datum of the gage. The initial point
for soundings is on the left bank at the lower end of the inclined end
post of the downstream truss. The velocity is small at low water.
Meter measurements may be made by wading at a point 200 feet above
the bridge at low stages of the river. The water is confined to one
channel at the bridge at all stages; the width is about 130 feet.

A short distance above the station is a dam which stores water for
use by the mills in Machias. The gates in this dam are opened and
closed each day during low stages of the river. As a result the river
fluctuates as much as 0.5 of a foot on the gage. The bed is sandy, but
permanent. The gage is read twice daily by George McKenzie, a
farmer of Whitneyville.

The observations at this station during 1904 have been made under
the direction of H. K. Barrows, district hydrographer.
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Discharge measurements of Machias Ri ver near Whitneywille, Me., in 1903 and 1904.

Date. Hydrogfaphar. Arenof | Mean | G0 | pischarge.

1903. Square feet. | Ft. per sec. Feet. Second-feet.
October 17._... F. E. Pressey -......... 647 0. 34 6.63 221

1904.
April 26._..._. F. E. Pressey .......... 1,030 1.92 9.67 1,970
April 28 .. ... ... Ao oo 1, 230 2.42 | 11.19 2,970
May 17 ... ... |--.-. do ool 1, 250 2.94 | 11.64 3,670
May 20........|..... do ool 1, 360 3.16 | 12.41 4,300
May 20 ............ do .ol 1,360 3.07 | 12.38 4,170
May 21........|..... do oo 1, 320 2.88 | 12.07 3, 800
August22. ... ... do ool 860 1.28 8.54 1,100
August24_ .. __|... .. do ool 730 .74 7.51 540
November 7 .. _|..... do . ool... 580 .56 6. 40 325

Mean daily gage height, in feet, of Machias River near Whitneyville, Me., for 1904.

Day. Jan.a (Feb.«¢|Mar.¢| Apr. | May. | Tune. | July.] Aug. | Sept.| Oct. | Nov. |Dec.a
7.3 7.9 7.8 9.3 124 10.0 7.5 6.0 6.0 7.9 6.2 6.4
7.2 7.8 7.8 9.4 11.9} 10.0 7.6 5.7 5.8 81 6.2 6.4
7.2 b7.7| 8.0 9.9 11.2¢ 10.0 7.8 5.4 6.0 7.6 6.0 6.2
7.1 7.7 8.8 9.6 | 10.1| 10.0 7.8 5.2 5.8 7.2 6.4 6.2
7.2 7.6 9.4 9.4 9.2 | 10.0 7.2 6.4 6.2 7.0 6.5 5.8
aq,2 7.6 9.5 9.6 8.8 9.4 7.0 5.4 6.8 6.8 6.4 5.6
7.2 7.7 9.3 | 10.0 8.3 9.7 6.9 5.6 5.6 6.8 6.5 5.5
7.2 7.6 | 10.4 | 10.4 8.21 10.3 6.9 6.0 6.7 6.8 6.4 5.4
7.2 8.0 | 12.2| 11.4 7.9 9.6 6.8 5.9 6.5 6.9 6.0 5.6
7.2 7.6 | 11.8| 12.8 9.2 8.8 7.6 5.2 6.3 6.8 6.2 6.2
7.2 €7.7] 11.0 ] 14.0) 10.9 8.2 7.3 5,4 5.0 6.6 6.4 6.3
7.3 7.8 10.5] 13.3| 13.9 8.1 6.8 5.7 5.0 6.1 6.2 6.2
7.3 7.7 10.4] 12.8( 15.6 7.9 7.0 5.8 5.6 6.8 6.6 6.2
7.6 7.7 9.6 12.4| 14.0 7.6 7.2 5.9 6.2 7.6 7.0 £6.2
7.7 7.6 9.2 11.6 | 11.4 7.6 7.2 6.1 7.9 7.0 7.4 6.2
7.7 7.6 9.0 | 10.6 | 10.6 7.5 7.0 6.0 | 10.8 7.1 7.4 6.2
7.7 7.5 8.7 10.1| 1L9 7.4 7.4 5.8 9.4 7.0 6.6 | v6.4
7.6 | R7.4 8.2 9.8 12.9 7.2 7.2 6.2 8.2 6.6 7.0 6.2
7.6 7.3 8.0 9.7 | 13.0 7.4 6.3 6.2 7.5 6.4 6.4 6.1
7.6 7.2 8.0 9.8 | 12.4 7.2 6.3 5.7 6.9 6.1 6.4 i6.1
7.6 7.2 8.2 9.5 12.0 7.2 6.3 8.1 6.7 6.4 6.4 6.1
7.6 7.4 8.1 jo.2| 1.7 7.2 6.0 8.6 6.6 8.0 6.4 k6.3
7.5 8.0 8.3 9.2 114 7.2 5.9 8.0 6.6 9.3 6.7 6.2
7.5 8.4 8.8 9.3 | 10.6 7.2 6.6 7.5 6.4 8.5 6.8 6.1
7.5 18.6 9.2 9.3 9.6 7.2 6.6 7.0 7.2 7.6 7.3 6.1
7.5 8.6 9.7 9.6 9.4 7.3 6.2 6.2 8.0 7.2 7.4 6.0
7.6 84| 1.0} 10.6 9.2 7.2 6.2 5.2 7.8 7.2 7.0 6.0
.5 82 1.0 | 11.2 9.5 7.0 6.0 5.8 7.0 7.0 6.6 6.2
7.7 7.9 10.4] 11.4 9.8 6.8 5.8 5.8 7.0 6.8 6.2 6.4
(O 9.7 12.4 9.9 6.8 5.7 6.2 7.1 6.8 6.3 6.2
/- N [ 2 P 9.9 [....... 6.0 6.2 ... 6.5 |....... me.3
alce Januaryl to March 21 and December 9-31. h Ice 1.65 feet thick.
No estimate. iIce 0.8 foot thick.
blce 1.35 feet thick. JRiver clear of ice.
cIce 1.25 feet thick. kGage reading is to surface of ice; ice 1.0 foot
dIce 0.65 foot thick. thick.
elce 1.5 feet thick. . tIce 1.4 feet thick.
J Gage reading tosurface of ice=6.3; ice 0.7 foot mGage reading is to surface of ice; ice 1.1 feet
thick. thick.
9 Gage reading is to surface of ice; ice 0.8 foot
thick.

" NoTE—Unless otherwise noted, gage heights dnring frozen season are to surface of water in hole

cut in ice.
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Rating table for Machias River near Whitneyville, Me., from October 17, 1903, to Decem-

ber 81, 1904.

|
h%?gﬁt. Discharge. h%?gl?t. Discharge. h(é?gglft. Discharge. l h%?gglft. Dischaige.
Feet. E Second-feet. |  Feet. Second-feet. Feet. Second-feet. Feet Sécoml—feet.
6.6 | 258 7.4 500 8.4 1,000 | 10.0 2,130
6.7 ' 283 7.5 542 8.6 1,120 | 10.5 2,545
6.8 ) 309 7.6 587 88 | 1,250 | 110 | 2980
6.9 336 | 7.7 634 9.0, 1,380 | 115 | 3,430
7.0 \ 365 7.8 682 9.2 1,520 || 12.0 ' 3,900
7.1 395 7.9 730 9.4 1,660 | 12.5 4,375
7.2 427 8.0 780 9.6 1,810 | 13.0 1,860
7.3 162 lg 8.2 890 9.8 | 1,970 |
i |

The above table is applicable only for open-channel conditions.
11 discharge measurements made during 1903 and 1904.
gage heights 7.5 feet and 12.5 feet.

limits, and is very uncertain below 7 feet.

It ix based upon

1t is well defined between
The table has been extended beyond these

Estimated monthly discharge of Machias River near W hitneyville, Me., for 1903 and 1904.

[Drainage area, 465 square miles.]

Discharge in second-feet. 5 Run-off,
nth.
ont Maximum. | Minimum. | Mean. ?)eecrz%lz;;gt I:gg‘;ll;sm
!

1903.
October 18-31. ... ... .. ... 1, 060 258 562 1.21 . 630
November . ......ooooooeeee . 1,185 336 652 1.40 1.56
December - ... ... .. ... _.._. 1,217 445 703 1.51 1.74

1904. ‘
March 22-81 ... ... ... .... 2,980 835 | 1,834 3.94 1.47
April. ool 5, 860 1,520 | 2,681 5. 77 6. 44
May .l 7,570 730 | 2,979 6. 41 7.39
June . ...l 2,375 309 989 2.13 2.38
July il 682 104 334 .718 . 828
August ..ol 1,120 54 216 . 465 . 536
September ... .. ... ... ... 2, 800 41 438 . 942 1.05
October ... .. ... ... ... 1,590 159 448 . 963 1.11
November ... ... ............ 500 144 265 . 570 . 636
December 1-8_ .. ... .. ... ..... 213 71 142 . 305 .091

IRR 124—05——3
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PENOBSCOT RIVER DRAINAGE BASIN.

This basin, which has a total area of about 8,500 square miles, lies
wholly in Maine. It extends from the Atlantic Ocean on the south to
the basin of the St. John on the north, a distance of 160 miles; and
from the New Brunswick boundary on the east to the Quebec boundary
on the west, a distance of 115 miles. The general elevation of the
basin is lower than that of the drainage basins to the west. The head-
waters of the main river liein the mountainous region on the boundary
of Quebec at an elevation of nearly 2,000 feet. The slopes of the
upper tributaries are generally steep. Chesuncook Lake lies near the
center of the basin at an elevation of 930 feet. From this point to
tidewater, the distance along the river is about 121 miles, indicating
an average slope of 7.7 feet to the mile. Thisis concentrated at inter-
vals by ledges where water power has been or may be developed. The
water from some 800 square miles of the basin is discharged into the
main river below its lowest available water power at Bangor.

Taken as a whole, the basin is rather uniform in its topographic
features. Hills and low mountains stretch from near the sea to above
Bangor; farther north is an undulating plain, while to the west the
surface hecomes more broken and is greatly diversified by hills,
detached peaks, lakes, ponds, and swamps. At the south the basin
merges into that of the Kennebec, and at the north into that of the
Alleguash, terminating on the northwest, at the boundaries of the
State, in a region of highland intermingled with swamps and lagoons.
The whole northern basin of the main river and its tributaries is in
forest. Original growth covers a large portion of this area, and in
general, wherever cuttings have been made, a dense second growth
has sprung up. Extensive areas in the southern basin have been
cleared and converted into farms. Probably 70 to 80 per cent of the
whole basin above Bangoris in forest. Throughout the upper portion
of the basin slate is the principal outcropping rock, heing succeeded
to the east and south by schists, gneiss, and granite. The soil is mainly
clay, gravel, and loam.

.The drainage area of the river and its chief tributaries are given in
the following table.
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Drainage areas of Penobscot River and principal tributaries. ¢
River. Locality. Drg;gaal:ge
Square miles.
Penobscot .. ... Opposite northwest extrerhity of Moosehead 510
Lake, township of Seboomook, immedi-
ately below mouth of Nulhedus Creek.
Doooa i Entrance into Chesuncook Lake. ... .. .._. 850
Do Outlet of Chesuncook Lake ... .. __._... 1, 450
Do .. Millinocket, outlet of Twin Lakes........... 1,880
Dol Immediately below mouth of East Branch of 3,260
Penobscot. @
Dol Immediately below mouth of Mattawam- 4,940
keag. @
Dol West Enfield, immediately below mouth of 6,630
Piscataquis. @
DO ceeciaaiiiaaa, Sunk Haze Rips« ... ... ..., 7,260
Dot 0ld Town, above mouth of Pushaw Rivere .. 7,340
Do Bangor, above mouth of Kenduskeag Rivera. 7,720
| 3 Mouth@ .t 8, 550
Cauquomogomoc . ... ... Entrance into Chesuncook Lake._..__..._._. 230
East Branch of Penobscot | Grindstone .. . ... ... ieiiancaaaaaan 1,130
Do eeaea-. Mouth @ . . aeeaaan 1,160
Mattawamkeag ......... Immediately below outlet of Bagkahegan Lake. 190
DO e ieaa Mouth ... eeaaaaa 1,510
Pigcataquis . .........._. Low S bridge . - o ool 280
DOt DOVEY - oo e iiidaeaan 330
) 0 B Mouth - 1, 500
Passadumkeag ... ... |..... 6 1o P 400
Cold Stream .. ... .. |..... G 37
Do Enfield post-office. .. ... . ... 26
Phillips Lake outlets:
Northern outlet at | Phillipg Lake .o oo ooooooo oo iiaaaas 11.5
junction with.
Northern outlet . ... Kast Holden - ... .. ... 12.3
Phillips Lakearea. . . ... | .o oe e e e eeemmaaaaan 1.4

e Jucludes Chamberlain Lake basin (270square miles). See description of St. John River drainage

basin.



36 STREAM MEASUREMENTS IN 1904, PART 1. [No. 124,

The United States Greological Survey now maintains gaging stations
at the following places in the Penobscot basin: On the Penobscot at
West Enfield; East Branch of the Penobscot at Grindstone; Matta-
wamkeag at Mattawamkeag; Piscataquis near Foxcroft; Cold Stream
at Enfield; Phillips Lake 'and its outlets in Holden and Dedham.

The discharge of the Penobscot is also obtained at Millinocket from
data furnished by private parties.

PENOBSCOT RIVER AT MILLINOCKET, ME.

The discharge of Penobscot River at Millinocket has been com-
puted and the data furnished by H. S. Ferguson, engineer for the
Great Northern Paper Company. These results were obtained by
considering the flow through the wheels, the flow over the dam, and
such quantities of water as are used from time to time by the log
sluice, filters, etc. The wheels were rated at Holyoke, Mass., before
being placed in position. As the head under which they work, aver-
aging about 110 feet, is much greater than the head under which they
were tested, numerous tube float measurements of flow in the canal
leading to the mill have been made by Mr. Ferguson, in order to
determine just how much water the mill used under different condi-
tions of gate openings. In addition to this, during 1904 a series of
current-meter measurements were made by the United States Geologi-
cal Survey to check results as obtained by the floats, and to enable a
suitable coefficient to be obtained for use with the float measurements.
It is believed by means of these various checks upon the measurements
that a very good estimate has been made for the flow through the
wheels. The dam, known as Quakish Lake dam, is of concrete, rest-
ing on rock, and does not leak. The flow over it was computed by
use of the formula, Q=¢ & H3, in which ¢ is a variable coeflicient
obtained (1) from the results of weir measurements made by Mr. Fer-
guson on 10-foot portion of the dam, and (2) from a study of the
results of experiments made by George W. Rafter at the Cornell
testing flume.

When the flow of the river is less than 2,500 second-feet all of the
water ix generally used through the mill; at higher stages the excessis
wasted over the dam. The flow over the flashboards, which are used
whenever possible, is computed by use of the formula Q=3.33 4 H}.
The area of the drainage basin at Millinockett is 1,880 square miles.
Several dams, which have been constructed at points in the basin above
this point, store water on a surface of practically 80 square miles.
This water is used for log driving and for manufacturing purposes.
Quakish Lake dam is at elevation 456.8 feet above mean sea level, as
determined by the Penobscot River survey of 1904.
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Mean daily discharge, in second-feet, of Penobscot River at Millinocket, Me., for 190.4.

Day. Jan. | Feb. | Mar. | Apr. | May. | June, | July.,| Aug, | Sept. | Oct. | Nov. | Dec.
) 237 413 403 315 | (@) | 4,705 | 4,088 | 2,366 | 2,027 | 3,005 | 2,255 | («)
b, L 141 360 407 284 { 2,266 | 4,566 | 4,804 | 4,977 | 2,389 | (a) | 2,261 | 2,261
F J 159 410 416 560 | 2,294 | 4,247 | 4,490 | 4,988 | 2,020 | 2,186 | 2,251 | 2,292
S 417 401 389 338 | 2,150 | 4,151 | 4,520 | 4,982 | 2,658 | (@) | 2,326 | 2,204
[ 405 1 409 | ‘414 | 221 | 2,297 | 4,844 | 4,247 | 4,958 | 2,420 | 2,298 | 2,336 | 2,285
6 el 421 403 109 582 | 2,382 | 4,746 | 4,309 | 2,424 | 2,014 | 2,026 | 2,298 | 2,250
T 436 200 368 | 1,013 | 2,326 | 5,345 | 4,330} 2,077 | 2,018 | 2,313 | 2,271 | 2,002
|- T, 392 436 404 681 | 2,116 | 4,900 | 2,448 | 2,308 | 2,026 | 2,363 | 2,347 | 2,359
D 398 415 392 702 | (@) | 4,358 | 4,585 | 4,913 | 1,996 | 2,850 | 2,367 | 2,366
b [ R 885 | 448 397 436 | 2,235 | 4,353 | 2,031 | 4,936 | 2,024 | 2,437 | 2,331 | (a)
b s 430 423 391 638 | 2,306 | 4,209 | 3,386 | 4,935 | 2,390 | 2,077 } 2,318 | (@)
120 Ll 393 438 492 | 1,019 | 2,332 | 4,197 | 3,076 | 4,939 | 2,331 | 2,062 | 2,855 (a)
b 345 430 467 95 | 2,815 | 4,730 | 3,068 | 4,924 | 2,041 | 2,341 | 2,394 | (a)
T4l 244 198 737 | 1,087 | 2,384 | 3,848 ; 2,219 | 4,659 | 2,400 | 2,048 /2,310 | (@)
b 1S T 362 411 724 973 | 5,100 {3,193 ‘ 2,010 | 4,789 | 2,019 ! 2,005 | (a) 2,200
L 438 433 828 859 | 5,010 | 2,433 | 2,007 | 4,937 | 2,023 | 2,311 | (a) 2,000
b 216 434 799 | 1,005 (10,255 | 2,415 ! 3,093 | 4,959 | ‘(a) | 2,015 | (a) | 2,250
18 e, 376 | 434 | 411 |1,056 (11,314 | 2,417 l'2,081 | 4,921 | 2,162 | 2,026 | (a) | 2,005
19.ieeiiia. 332 | 433 | 793 | 1,004 11,682 | 2,277 | 2,392 | 2,347 | 2,339 | 2,423 | (a) | 2,010
20 205 | 403 | 488 | 1,112 11,673 | 2,418 } 2,906 | 2,014 | 2,025 | 2,042 | (@) (@)
] 428 188 788 | 1,108 10,671 | 2,434 | 4,097 | 2,027 | 2,018 | 2,059 | 2,293 | (a)
220 i 414 200 814 | 1,473 | 7,043 | 2,454 | 2,420 | 2,178 | 2,827 | 2,049 | 2,291 | («a)
b S 297 200 462 | 1,457 | 7,824 | 2,433 | 2,087 | 2,008 | (@) '2,015| 2289, (v)
24l 149 l 275 470 | 1,072 | 9,276 | 2,424 | 3,658 | 2,378 (a) 2,310 | 2,255 | 2,003
b T 150 426 453 | 1,473 | 8,645 | 3,125 | 2,005 | 2,017 | 2,212 | 2,403 | (a) 2, 000
2600 416 | 4156 818 | 1,463 | 5,266 | 5,028 | 2,019 | 2,002 | 2,006 | 2,055 (a) 2,549
2T 431 [‘ 404 615 | 1,469 | 4,787 | 4,757 | 3,663 | 2,000 | 2,002 | 2, 067 ~ 2,656 | 2,008
28, 214 189 828 | 1,807 | 3,710 | 4,171 (@) 2,312 2,023 | 2,077 2,302 | 2,012
P D, 238 368 408 | 1,802 | 3,831 | 3,106 | (@) | 2,022 | 2,003 | 2,027 | 2,003 { (@)
B0 249 |....... 444 | 1,805 | 5,142 | 2,488 | 8,703 | 2,085 | 2,010 | (a) | 2,010 | 2,287
5 I 150 [....... 1420 (....... 5,448 |....... 2,005 [ 2,119 |....... (@) eeeenen 2,002

aQwing to incompleteness of records discharge can not be computed.
PENOBSCOT RIVER AT WEST ENFIELD, ME.

This station was established by N. C. Grover on November 5, 1901,
and in previous reports has been designated as being at Montague, Me.
In 1904 the name of this village was changed to West Enfleld. It is
located at the steel highway bridge, about 1,000 feet below the mouth
of Piscataquis River. The drainage area at this point is 6,630 square
miles, including the area of the drainage basin of Chamberlain Lake
(270 square miles), which flows into the Penobscot part of the year
only.* The measurements are made from the bridge. A standard
chain gage is fastened to the steel webbing on the upstream side of the
bridge; length of chain, 34.49 feet. It is referred to bench marks as
follows: (1) The top of the northwest corner of first course below
bridge seat, easterly abutment; elevation, 25.78 feet. (2) Copper bolt
in outcropping ledge under bridge, near east abutment; elevation,
6.71 feet. (8) Marked point on bottom chord of bridge, under gage;

aSee description of St. John River drainage basin.
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elevation, 29.52 feet. All elevations are above gage datum and gage
datum is at an elevation of 125.38 feet above mean sea level, as deter-
mined by the Penobscot River survey of 1904. The initial point for
soundings is on the easterly ahutment, at the extreme end of the inclined
end post on downstream side of bridge. The channel is straight for
1,000 feet above and 3,000 feet below the station, is about 870 feet
wide, and is broken by four piers. The banks are high and rocky,
and the bed permanent and rocky, with some gravel. The observed
mean velocity has varied from 5.05 feet per second at gage height
12.90 to 1.08 feet per second at gage height 1.54. Water poweris used
on both the Penobscot and Piscataquis rivers within a mile above the
station. Fluctuations at the gage of 0.2 or 0.3 of a foot during low
water are caused by changes in gate openings at the mills above. The
gage is read twice daily by A. H. Hanson, a merchant in West Enfield.

The observations at this station during 1904 have been made under
the direction of H. K. Barrows, district hydrographer.

Discharge measurements of Penobscot River at West Enfield, Me., in 1901-1904.

Date Hydrographer. égzi?‘o?f. vé\{ggiréy_ h(e?iaégﬁet, Discharge.
1901. Square feet. | Ft. per sec. Feet. | Second-feet.
November 5 .| F. E. Pressey .......... 2,200 1.38 2.00 3,030
1902.
March 28..._.. F. E. Pressey .......... 11, 380 5.06 | 12.80 57, 400
April 8 .. ... |..... do il 9, 520 £.62 | 10.90 43,900
July 15.._...... N. C. Grover .......... 4, 650 2.42 | °5.10 11, 300
August 28_____. F. E. Pressey .......... 3, 590 2,11 3.80 7,580
September 15 . .|. ... & U 3,680 2.11 3.90 7,770
October 11..... R. M. Connor.......... 3,640 2.05 3.75 7,450
1903.
May 14........ F. Collins ............. 6,140’ 2. 86 6. 65 17, 600
May 25........ E. C. Murphy ....._... 3, 960 2.12 4.10 8,410
Junell........ N. C. Grover .......... 3,140 1.88 3.21 5,910
August 7 ... F. E. Pressey .......... 3,210 1.91 3.22 6,140
October 15. ... N. C. Grover .......... 1,920 1.08 1.54 2,070
October 23..__. F. E. Pressey - cccooon-. 1,970 1.20 1.58 2,370
1904.
April 26...._... N. C. Grover .......... 8,770 3.67 9.70 32, 200
May 18.._._... F. E. Pressey .......... 10, 900 4.51 | 12.06 49, 200
May 27 ... .. |-.--. do oo 7,210 3.07 8.01 22,100
Junel4. ... ... N. C. Grover .......... 5, 380 2.49 5. 82 13, 400
October 17..__. University of Maine 4,000 2.02 4.23 8,100
_ students.«
October 20.....|..... do o 3, 800 1.89 3.90 7,200
October 25_ . _|-.... s (S 5, 000 2.16 5.25 10, 800
October 31. ... _[..... do ool 4, 450 2.16 4.73 9, 600

aUnder direction of Prof. H, S. Boardman,
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Mean daily gage height, in feet, of Penobscot River at West Enfield, Me., for 1904.

Day. Jan. | Feb. | Mar. | Apr. | May Ju.ne.‘ July. | Aug. | Sept. | Oct. | Nov. | Dec.

S DR MU @280 [.ooifoeonns 12.30 | 7.20| 4.25| 4.05| 2.80 | 7.06| 4.65| 3.20
SR VRN SN IR 42,00 | 6.80| 5.15) 3.70| 2.70| 6.90| 4.45] 3.16
11.60 | 7.75| 5.90 | 4.30| 2.80 | 6.30 | 4.45| 3.40
11.20 | 7.16| 6.20 | 4.70| 2.80| 5.65| 4.30| 3.45
11.15 | 6.50 | 5.75 | 4.55| 8.55| 5.30( 4.20| 8.50
10.65 | 6.90 | 5.45| 4.40| 3.70 | 5.05| 4.10 | 3.50
10.10 | 7.20 | 5.10 | 4.15| 3.65 | 4.7 | 4.16| 38.46
TSN SR d2.60 |....... 7.60 | 9.10 | 7.55| 470 | 4.05| 3.35| 4.65| 4.50| 3.70
LSRN IR (R U €8.70 ) 8.45| 6.95| 4.45| 4.15| 3.20| 4.55| 4.40| 3.85
0.65| 8.45| 6.60 4.35| 410 3.20| 4.3
10.75 | 10.10 | 6.50 | 5.00 | 4.20 | 3.10 | 4.20
11.20 | 11.60 | 6.40 | 4.35| 4.30 | 3.00| 4.15
11,00 {1180 | 6.20 | 4.25 | 4.20 | 3.05 | 4.10
10,40 | 10.90 | 5.90| 4.50 | 4.10 | 2.75| 4.20
9.85 | 10.25 | 5.50 | 4.75| 4.00| 3.05| 4.20
9.05 [10.70 | 5.05| 4.25| 4101 4.35| 4.16
8.30 | 11.85 | 4.90 | 3.85| 2.95| 4.80 | 4.16
7.90 {190 . 5.20 | 4.50! 8.75 | 4.50 ; 4.10
7.80 | 11.55 | 5.85 | 3.80 | 3.50 | 4.15 | 4.0
7.90°| 11.80 | 5.50 | 3.90 | 3.15| 4.25 4.00
7.80 | 12.00 | 5.15| 4.05 | 3.45| 4.10 | 3.90
7.75 | 120 | 5.00 | 4.20| 3.85 | 4.20 | 4.5
7.90 | 10.60 | 4.95| 3.50 | 3.55 | 4.10 | 5.80
8.20 | 10.45 | 4.75| 3.40| 3.40| 4.15| 5.66
8.60 | 9.90| 4.55| 3.65| 3.30| 4.75| 5.2
9.85 | 8.80) 4.65| 3.35| 3.15| 530/ 5.05
10.15 | 8.05| 4.90| 3.80 | 2.95{ 5.10| 5.45
10.25 | 7.95| 4.75| 4.15| 2.70| 4.66| 5.66
10.35 | 7.60 | 4.15 | 3.45| 2.80 | 4.85| 5.4
J 1110} 7.30| 8.75| 3.25| 2.80| 5.45| 5.10
....... 7.5 |.......| 3.30| 275 (... 470

NoteE.—During frozen season readings are to surface of water in hole cut in ice.

alce 1.15 feet thick. e Clear of ice. iIce 1.35 feet thick. m Ice 0.75 foot thick.
blce 1 foot thick, JIce 1.1 feet thick. JIce 0.65 foot thick. nlce 1.65 feet thick.
¢Ice 1.6 feet thick. g Frozen over. kIce 1.4 feet thick.

dIce 1.2 feet thick. hIce 1.5 feet thick. tIce 1.5 feet thick.
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Rating table for Penobscot River at TWest Enfield, Me., from January 1 tv December 31, 1904,

hg’& et. Discharge. hgiflft. Discharge. hg?gglft. Discharge. h(g?ggﬁt. Discharge.
Feet, Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet.
2.7 4,420 4.1 7,740 6.0 13, 580 8.8 26, 620
2.8 4,620 4.2 8,020 6.2 14,270° 9.0 | 27,860
2.9 4, 830 1.3 8, 310 6.4 14,980 9.2 29, 100
3.0 5, 050 +.4 8, 600 6.6 15, 720 9.4 30, 360
3.1 5,270 4.5 8,900 6.8 16, 500 9.6 31, 640
3.2 5, 500 4.6 9, 200 7.0 | 17,300 9.8 | 32,960
3.3 5,730 4.7 9, 500 7.2 18, 140 10.0 34, 300
3.4 5, 960 4.8 9, 800 7.4 19, 020 10.5 37‘, 760
3.5 6, 200 4.9 10, 100 7.6 19, 940 11.0 41, 320
3.6 6, 440 5.0 10, 400 7.8 20, 920 11.5 45, 000
3.7 6, 690 5.2 11, 000 8.0 21, 980 12.0 48, 820
3.8 6, 940 5.4 11, 620 8.2 23, 080 12.5 52, 780
3.9 7, 200 ) 5.6 12, 260 8.4 24, 220 13.0 56, 920

] 4.0 7,470 5.8 12,910 8.6 25, 040

The above table is applicable only for open-channel conditions. It is based upon
8 discharge measurements made during 1904. Tt is well defined between gage heights
3.90 feet and 12.10 feet. The table has been extended beyond these limits, and is
uncertain below gage height 3.9 feet. The discharge as given by the 1904 curve is
several per cent smaller than the 1903 curve, owing to obstructions in the river below
the station.

Estimated monthly discharge of Penobscot River at West Enfield, Me., for 1904.

[Drainage area, 6,630 square miles.]a

Discharge in second-feet. Run-off.

Honth Maximum. | Minimum. Mean. S;:r:;li d(u;fﬁ'eet I;gggésm
April 9-80 ... oo .. 42,780 | 20,670 | 30,110 4,54 3.7
May - 51,180 18, 580 | 36, 880 5.56 6.41
JUNE - o 20, 670 6,815 | 13,200 1.99 2.22
JULY oL 14, 270 5,615 | 8,540 1.29 1.49
August - ... 9, 500 4,520 | 6,889 1.04 1.20
September. ... . ... ... ... 11,780 4,420 ¢ 7,239 1.09 1.22
October -...ooooarmaaanaann. 17,510 7,200 | 10,240 1. 54 1.78
November ... ... . ......... 9, 350 5,500 | 7,335 1.1 1.24
December 1-12_. .. ... 8,165 5, 385 6,615 . 998 . 445

aIneludes Chamberlain Lake drairfage. See description of St. Jobn River drainage basin.
PENOBSCOT RIVER (EAST BRANCH) AT GRINDSTONE, ME.

This station was established October 23, 1902, by F. E. Pressey.
It is located at the Bangor and Aroostock Railroad bridge, one-half mile
south of the railway station. The measurements are made from the
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railway bridge. The drainage area at this point is 1,130 square miles,
including the Chamberlain Lake basin (270 square miles). The initial
point for soundings is on the left bank, at the lower end of the inclined
end post. The gage is of the standard chain type; length of chain,
31.99 feet. The scale board is nailed to the guard timber on the
upstream side of the bridge. -Itisreferred to the following-described
bench marks: (1) Southwest corner of bridge seat on east abutment;
elevation, 26.32 feet. (2) Copper bolt in ledge under north end of
bridge; elevation, 8.78 feet. (8) Marked point on center stringer, near
gage; elevation, 29.78 feet. All elevations are above gage datum.
The channel both above and below this station is straight. The flow
is moderately rapid at medium and high stages of the river. Observed
mean velocities range from 2.27 feet per second at gage height 8.10
feet, to 0.18 foot per second at gage height £.32 feet. Fluctuations in
stage are usually slow, as.no water power is used on the river above
the station. ~ Dams are maintained at the outlets of several of the lakes
and ponds near the source of the river, and the impounded water is
used for log driving. The bed is rocky and permanent; the stream is
confined to the channel by the abutments of the bridge and has a width
of about 275 feet, broken by one pier. Practically all land areas in
this basin are in forest. The gage is read twice daily by Harry
Stinson. :

The observations at this station during 1904 have been made under
the direction of H. K. Barrows, district hydrographer.
Discharge measurements of Penobscot River ( East Branch) at Grindstone, Me., 1902-1904.

Date. Hydrographer. Width. s%(rzg%gf vgggﬁy. h(gl%g'ghet. Discharge.
1902. Feet. | Squarefeet. | Ft.per sec.| Feet. | Second-feet.
October 23__.__ " F. E. Pressey .. 226 1,410 0.50 5.15 706
November 26 _ ... ... do ........ 25. 1, 490 .62 | 5.4l v 921
1903. .
April 9. ... N. C. Grover .. 262 2,170 2.15 7.85 4,670
April 14 ... _...... do ........ ‘ 266 2,270 2.36 8.10 5,350
April22 ... ... F. E. Pressey . . 258 1,930 1.67 7.20 3,230
May 23........ C.N. Mc(.‘ru]lochl 245 1, 830 1.41 6. 64 2,580
September 9 ...| N. C. Grover.. .l 228 1,270 .17 4.32 223
September 26 . _{.._.. do ........ ‘ 236 1,510 .54 5.36 824
October 28« .| F. E. Pressey..| 230 648 73| 458 474
1904. ‘
April 29 ... N. C. Grover. .. 270 2, 450 3.34 9.13 8,180
QOctober 24 ____ F. E. Pressey .. 247 1, 740 1.28 6.32 2,230

a Measurement made from boat.
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Mean daily gage height, in feet, of Penobscot River (Fast Branch) at Grindstone, Me.,

Sfor 1904.
Day. Jan. | Feb. | Mar. | Apr. | May. |June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
S U S IR IO SUSR 10.30 | 8.70 | 6.10 | 7.00 | 4.60 | 7.15 | 5.60 | ......
10.80 | 8.60 | 6.30 | 6.80 | 4.60 ( 7.30 | 5.60 | ......
10.25| 8.20 | 6.60 | 6.60 | .70 | 7.30 | 5.60 | @4.30
9.60| 7.25| 6.80 | 6.60 | 5.40 | 6.90 | 5.30 |.....
9.60 | 7.35 6.80| 6.70| 5.60 | 6.55| 5.80 .._...
9.40 | 8.20 | 6.40 | 6.80 | 5.40 | 6.30 | 5.30 | ......
8.40 | 7.90 | 6.20| 6.95| 5.05| 6.10 | 5.30 |..._..
7.65 | 7.90 | 6.20| 7.00 | 5.00 | 6.05| 5.30 |......
7.30 | 8.05| 6.20| 7.00 | 5.00 | 5.90 | 5.30 |......
7.7 | 8.20| 6.20| 7.00| 14.80 | 5.80 | 5.30 | £4.10
8.30 | 8.20| 6.20 7.00| 4.70 | 5.80 | 5.20|......
9.05 820 620, 6.80 | 4.70' 5.85 | 5.20 ......
9.50 | 8.05| 6.20| 6.80 | 4.70 | 5.60 | 5.30 | _.....
8.65| 8.05| 6.05| 540 4.70| 560 | 530 |... ..
8.60 | 6.30 | 565, 5.8 | 510 | 560 | 520 |......
7.30 | 6.40 | 5.60 | 5.80 | 6.20 | 5.60 | 5.30 |......
8.70 | 6.50| 6.10| 5.55| 5.25| 5.60{ 5.30 |......
8.15 | 6.60, 6.40 | 5.45! 5.60 | 550 | 5.30 | €8.00
8.40 | 6.15| 6.55| 5.25| 5.65| 5.50| 5.30 |......
8.75 | 5.30 | 6.60| 520 | 5.70( 540 | 530  ......
9.00 | 5.50 | 6.80| 5.50 | 5.55| 540 5.30 ...
7.65| 5.40| 6.80] 5.30 | 5.35| 6.90| 5.30|......
7.95 | 5.10 ! 6.95! 5.30 | 530 7.15| 5.30 |......
7.90 | 5.10| 7.20| 5.40 | 5.30 | 6.35| 5.30 |......
7.45 5.10| 7.20| 5.20| 5.8 | 6.30 | 5.30 | i8.00
7.20 | 5.20| 7.20| 5.20| 6.05| 6.20 |J5.30 |......
7.90 | 5.20 | 7.20| 5.20 | 6.10 | 6.10 |.......|......
870 520 7.20| 4.90| 6.10| 6,00 |.......|......
$.90 | 5.20| 7.20| 4.85| 6.55 | 6.00 [a5.30 |......
870 | 590 | 7.20| 4.70| 6.90 | 5.75 | .coeiijniiin
870 -onnn 7.10 | 4.60 |..-.... 5.60 |....--- 13.80

alce 0.85 feet thick.
6Ice 1.35 {feet thick.
cIce 2.15 feet thick.
dIce 1.7 feet thick.
elce 1,15 feet thick.
JIce 1 foot thick.

gIce 2.1 feet thick.
k]ce 2 feet thick.
iJce 1.4 feet thick, Gage height to top of ice =6.6 feet.

J River frozen November 26.

kIce 1.85 feet thick.
1Ice 1.6 feet thick. Gage height to top of ice=4.7 feet.

NoTE.—During frozen season gage readings are to surface of water in hole cut in ice.
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Ratingltable of Penobscot River (East Branch) at Grindstone, Me., from Janvuary 1 to
December 81, 1904.

h(giajgglft. Discharge. hgiag et. Discharge. hgiaégk?t. Discharge. h(giagghet. Discharge.
Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet.
3.7 190 4.8 480 6.2 1, 7565 8.2 5,580
3.75 196 4.9 534 6.3 1,89 8.4 6, 090
3.8 202 5.0 593 6.4 2,040 8.6 6, 630
3.85 209 5.1 660 6.5 2,190 8.8 7,190
3.9 216 5.2 735 6.6 2, 350 9.0 7,770
3.95 224 5.3 815 6.7 2,510 9.2 8, 350
4.0 233 5.4 900 6.8 2,675 9.4 8,940
4.1 252 5.5 990 6.9 2, 845 9.6 9, 540
4.2 273 5.6 1,085 7.0 3,020 9.8 10, 140
4.3 296 || 5.7 1,185 7.2 3,390 || 10.0 | 10,750
4.4 323 | 5.8 1,285 7.4 3,790 10. 2 11, 370
4.5 356 5.9 1, 395 7.6 4, 205 10. 4 11, 990
4.6 393 6.0 1,505 7.8 4,640 || 10.6 | 12,610
4.7 434 6.1 1,625 8.0 5,100 10. 8 13, 230

The above table is applicable only for open-channel conditions. It is based upon
11 discharge measurements made during 1902 to 1904, inclusive. It is well defined
between gage heights 4.5 feet and 8 feet. Above gage height 8 feet the curve is
somewhat uncertain. The table has been extended beyond these limits.

Estimated monthly discharge of Penobscot River ( East Branch) at Grindstone, Me., for 1904.

[Drainage area, 1,130 square miles.]

Discharge in second-feet. Run-off.
nth.

e Maximum. | Minimum. | Mean. Sﬁ:rogg?dfaigt Dﬁfgﬁleisn

mile, .

April 17-30 .. ... ........ 10, 440 2,190 | 4,738 4.19 2.18

May -l 13,230 3,390 | 6,799 6.02 6.94

June . ... Liiii.... 6,910 660 | 3,074 2.72 3.03

July ... 3,390 1,085 | 2,349 2.08 2.40

August ... ... ... 3,020 393 | 1,629 1.44 1.66
September. ... . ... . ... .2,845 393 982 . 869 . 970

October - .. ... .... 3,590 900 | 1,739 1.54 1.78
November 1-25 .. __........... 1,085 735 841 ! . 744 \ . 692

a Drainage area includes Chamberlain Lake drainage basin of 270 square miles. See description of
St. John River drainage basin.
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" MATTAWAMKEAG RIVER AT MATTAWAMKEAG, ME.

This station was established August 26, 1902, by F. E. Pressey. It
is located at the Maine Central Railroad bridge in the village of Mat-
tawamkeag. The area of the drainage basin at this point is 1,510
square miles. The initial point for soundings is on the south abutment
at the lower end of the inclined end post of the downstream truss.
The gage is of the standard chain type; length of chain, 33.40 feet. .
The scale board is nailed to the guard timber of the lower side of the
bridge. Tt is referred to bench marks, as follows: (1) Southwest cor-
ner of bridge seat of north abutment; elevation, 26.87 feet. (2) Cop-
per bolt in bowlder north of bridge and west of railroad; elevation,
19.01 feet. (3) Marked point on stringer near gage; elevation, 31.42
feet. All elevations are above gage datum, and gage datum is at eleva-
tion 185.93 feet above mean sea level, as determined by the Penobscot
River survey of 1904. The channel both above and below this station
is straight, and has a width of about 400 feet at ordinary stages, broken
by two piers. The bed of the stream is rocky and permanent. The
water is confined to the channel by the abutments of the bridge. The
observed mean velocities at this station have been between 4.11 feet
per second at gage height 9.15 feet and 0.90 of a foot per second at
gage height 2.75 feet. Low-water measurements are made by wading
at a point about 1 mile above the station, where the velocities are
greater than at the bridge and the bed is gravelly. The bridge is
slightly oblique to the thread of the stream. '

Dams are maintained at the outlets of several of the lakes and ponds
in this basin, and the stored water is used for driving logs. Probably
90 per cent of the land surface is in forest. The gage is read twice
daily by W. T. Mincher.

The observations at this station during 1904 have been made under
the direction of H. K. Barrows, district hydrographer.
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ements of Mattowamkeag River at Mattowamkeag, Me., 1902-1904.

Date. Hydrographer. S%g%?'ogf. Va’{ggxy. hgaéghet' Discharge.
1902. Square feet. | Fi. persec. | Feet. | Second-feet.
July 31....._.. F.E.Pressey........... 550 2.13 4. 40 1,170
August 27 ._._l..... [ Us S 685 2.34 4.70 . 1,600
September 16 .. ..... do oo 815 2.06 5.00 1,680
November 8 . Aleee-- do oo 1,160 2.63 5.89 3, 050
1903, |
April4 ... ____ F.E. Pressey........... 2, 380 4.11 9.15 9, 780
April 25 . . ... do ool 1, 560 3.47 7.15 5,410
May 18........". ... do ool 540 2.33 4.58 1,260
May 25......_. C. N. McCulloch........ 530 2.09 4.45 1,110
June 11 ....... F.E.Pressey...ccco.... 355 2.09 4.02 742
August 8 .. ____|.._.. do ... 310 1.80 3.87 558
September 11 ..{ N. C. Grover ._....__._.. 220 1.56 3.39 340
October 14..._.|-.... Ao miiee 135 .90 2.75 121
October 23¢._ .| F.E.Pressey........... 204 1.47 3.32 300
1904.
April 16 .. . __. F.E. Pressey........... - 2,690 4. 68 9.85 12, 600
April 27 ... N.C.Grover ........... 2,510 4.55| 9.50 | 11,400
October 20... .. F.E.Pressey........... 727 2.42 5.07 1,760

a Measurement made by wading.

Mean daily gage height, in feet, of Mattawamkeag River at Maitawamkeag, Me., for 1904.

Day. Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec

.| 10.70 | 6.40| 4.50 | 3.756| 38.50 | 6.10 | 65.40 | 5.20

11.00 | 6.30 | 4.50 | 3.50 | 3.40| 6.45 | 5.30| 5.10

11.10( 6.20 | 4.75 3.656| 3.45( 6.60| 5.20 5.00

11.00 | 6.20 | 4.90| 3.70 | 3.60| 6.46| 4.95| 510

10.75 | 6.26 | 4.90| 3,70 | 3.75| 6.256| 4.8  5.20

10.40 | 6.50 | 4.90 | 3.70| 4,101 6.05 | 5.156| 5.30

10.10 | 6.95| 4.90| 3.70 | 4.40| 5.8 | 515 | b5.50

9.95| 7.056| 4.85| 3.55| 4.30| 5.656| 510 5.8

9.45 | 6.80( 4.70 | 3.40| 4.20| 5.45| 65.10| 5.80

9.40 6.70 | £70 | 3.55| 405 5.30| 5.05| 5.70

9.15| 6,60 430, 3.70| 4.00| 5.30| 490 570

X 9.65 | 6.50 | 420 | 3.80| 3.90 | 520 | 4.8  5.70

. 56.30 { 9.95(10.85 | 6.20| 430 | 3.80! 3.90| 5.10 | 4.80 | 5.70
B R P b4.20 |....... 10.05 | 11.40 f 6,10 | 4.30| 3.80| 3.80 | 526 4.7 | 560
T R P A 9.90 | 11.70 | 6.05 | 4.40| 3.75 | 4.25| 5.40 | 4.65| 5.50
L o Y P 9.65 | 11.55 | 6.00 | 4.50 i 8.65| 4.6551 5.401 4.40 | 5.40

alce 1.2 feet thick.

bIce 1.7 feet thick.

¢ River clear of ice.

dIce 1.6 feet thick.
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Mean daily gage height, in feet, of Mattawamkeag River at Mattawamkeag, Me., for 1904—

Feb.

Note.—During frozen season gage readings are to surface of water in hole cut in ice.

aJce 1.7 feet thick.
bRiver frozen over.

Continued.

Mar. | Apr. | May. ; June. | July. | Aug. | Sept. | Oct. | Nov. | Dec
9,50 | 11.80 | 6.00 | 4.45| 3.60 | 490! 5.30| 4.40 5.30
9.10 | 10.75 | 6.00 | 4.35' 3.80 5.05| 5.20 | 4.55| 5.20
8.90 | 9.65 6.00| 4.10 | 3.90| 5.00| 5.20| 4.80 5.10
8.80| 9.35| 5.8 4.20 3.90) 5.10; 510} 5.10 5.00
870 | 9.35| 5.45, 4.10| 4.00| 5.20 | 5.00 | 4.80 | (b)
8.70! 875 | 5.156| 4.05| 4.00| 5.10| 5.15| 470 |......
8.70 | 8.60 | 4.95| 4.00| 4.00| 520 | 5.45| 475 |......
8.75| 8.55| 4.80 1 3.90 | 4.00| 5.20 | 5.50| 5.00 |......
9.05| 8385 4.65 3.85| 4.00| 535 5.60| 4.9 |......
9.35| 7.80 | 4.45| 38.60| 4.00( 5.65| 5.75| b.16| c4.30
9551 7.55| 4.35| 3,70 | 38.85| 5.80( 5.90] 530 |......
9.75 | 7.50| 4.45| 3.8 | 3.70 | 5.80| 590 | 520 |......
9.95 | 7.20 - °4.60 | 3.80 1! 3,70 | 570 | 6.00] 520 |......

10.30 | 6.75| 4.60 | 3.90| 3.65| 5.75| 5.8 | 520 |......
....... 6.50 [.......| 8.90} 8.65|.......] B.65 [ ]iennnn
cIce 0.4 foot thick.
dIce 1.4 feet thick,

Rating table of Mattawamkeag River at Mattawamkeay, Me., from January 1 to
December 31, 1904.

h(é% v, | Discharge, h(giag:g}?t, Discharge. hﬁ?g 2. | Discharge. h(g;.é; 2. | Discharge.
Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet.
2.7 110 3.9 630 5.4 2, 350 7.8 6,800
2.75 121 1.0 710 5.5 2, 500 8.0 7,260
2.8 133 41 790 5.6 2,650 8.2 7,740
2.85 146 4.2 880 5.7 2,810 8.4 8,235
2.9 160 4.3 975 5.8 2,970 8.6 8,740
2.9 175 4.4 1,075 5.9 3,136 8.8 9, 260
3.0 191 4.5 1,175 6.0 3,305 9.0 9, 780
3.1 226 4.6 1,285 6.2 3,645 9.5 11,170
3.2 262 4.7 1,400 6.4 3,095 | 10.0 | 12,570
3.3 300 4.8 1,520 6.6 4, 355 10.5 14, 070
3.4 340 1.9 1,650 6.8 4,725 || 11.0 | 15,600
3.5 382 5.0 1,790 7.0 5,110 | 1.5 | 17,200

3.6 432 5.1 1,930 7.2 5,510 |
3.7 490 5.2 2,070 7.4 5,930 ‘
3.8 556 5.3 2,210 7.6 6, 360

The above table is applicable only for open-channel conditions. It is based upon

16 discharge measurements made during 1902 to 1904, inclusive.

between gage heights 2.7 feet and 10 feet.

height 10 feet.

It is well defined

The table has been extended above gage

Below gage height 7.2 feet the table is the same as the 1903 table.
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Estimated monthly discharge of Mattawamkeag River at Mattawamkeag, Me., for 1904.

[Drainage area, 1,510 square miles.]

Discharge in second-feet. } Run-off.
nth.

e Maximum. | Minimum. Mean. Speecris;r.;dléff;%t Iig}é%gén
April 8-30 ..ol 13,470 6,360 | 10, 360 6.86 5.87
) O | 17,840 4,175 | 11,590 7.68 8.85
June ... 5,210 1,025 3,088 2. 04 2.28
July. ool 1, 650 432 1,014 . 672 L775
August ... ..o ... 710 340 534 . 354 . 408
September ... . ... .. . ... 2,970 340 | 1,440 . 954 1.06
October .. ...ooooeeeeo.. 4, 355 1,790 | 2,725 1.80 2.08
November ... ........._...._. 2, 350 1,075 | 1,743 1.15 1.28
December 1-20. ... ... ..... 2,970 1,790 2,359 1.56 1.16

PISCATAQUIS RIVER NEAR FOXCROFT, ME.

This station was established August 17, 1902, by F. E. Pressey. It
is located at Low’s bridge, about halfway hetween Guilford and Fox-
croft. The area of the drainage basin at this point is 280 square miles.
The initial point for soundings is on the left bank at the top of the
face of the left abutment. The gage is a painted staff spiked to the left
abutment. Itis referred to bench marks as follows: (1) Top of second
course from top of left abutment; elevation, 17.80 feet. (2) Copper
bolt in ledge, 150 feet north of highway and 75 feet west of river;
elevation, 20.97 feet. (3) Marked point on bottom chord of upstream
truss of bridge, 30 feet from initial point; elevation, 21.80 feet. All
elevations are above gage datum. The channel hoth above and below
the station is straight and has a width of about 90 feet at ordinary
stages. The banks are high and rocky; the bed is rough and rocky,
but permanent. ’

Observed mean velocities at the station have been between 3.63 feet
per second at gage height £.30 feet and 0.54 of a foot at gage height
2 feet. Low-water ineasurements are made by wading, either above
or helow the bridge, at points where the bed is fine gravel, and the
velocity is greater than at the bridge. Water power is used at several
manufacturing plants within a few miles above the station. As a
result of the interruptions, due to the irregular use of water at the
mills, the river fluctuates, at low stages, through nearly a foot on the
gage within the day. 'The small amount of stored water in this basin
is generally used for log driving. Slopes are steep. The river rises
and falls rapidly. Probably 50 per cent of the basin is in forest.
The gage is read twice daily by A. F. D. Harlow.
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The observations at this station during 1904 have been made under
the direction of H. K. Barrows, district hydrographer.

Discharge measurements of Piscataquis River near Foxcroft, Me., 1902-1904.

Date. Hydrographer. ;E‘i‘;‘oﬁ vel\l%%??y. hgﬁg]ft. Discharge.
1902, Sq. feet. Ft. per sec. Feet, Second-feet,
August13_____. F. E. Pressey .......... 317 3.15 3.70 1, 000
August16..____|____. Ao e 199 1.67 2.80 332
September 10 .. ..... 1< e R, 189 1.52 2.75 288
October 18_____|..._. dO ciiiiii s 112 .54 2.00 61
1903.
April6 ... ... F. E. Pressey ... ....... 409 3.63 4.30 1, 490
May 14._ ... E. G. Hartford. ._...... 210 1.76 2.80 370
May L. oo .| :.. do ool 210 1.76 2.7 368
Junel2.___.__. F. E. Pressey .......... 156 1.03 2.48 160
June {2, ... .. ..... [« T R 164 1.27 2.64 208
Junel2. .. _ ...l ... & L 156 1.08 2.47 169
September 16 .| N. C. Grover. .......... 136 .82 2.19 112
October 3a____ ... ... 6 L 11 2.00 1.52 22
October3la«_._.| F. E. Pressey .. ........ 22 1.41 1.78 31
October31ae__ . |..... s Lo T 118 .67 1.94 79
October3la____|.__.. s (P 79 .47 1.78 37
November 24« | ___. & 7 139 1.30 2.50 181
1904.
April 22 ._____. F. E. Pressey .. _....... 355 3.35 4. 00 1,190
May 18. ... .i..... Ao v 610 6.31 5.92 3, 850
May 18 ..ol .. A0 e e 620 6.31 | 5.98 3,910
June2...._.... N.C.Grover........... 208 1.99 2.90 415

aMeasurements by wading.

Mean daily gage height, in feet, of Piscataguis River near Foxcroft, Me., for 1904.

Day. Jan. | Feb. | Mar. | Apr. | May. ‘ June. | July.| Aug. | Sept. | Oct. | Nov. | Dec.
S TR 3.0 38| 30| 47| 70| 24| 82| 23| 20| 40| 32| 24
2. 3.0| 34| 30| 46| 56| 23| 34| 24| 20| 40| 32| 238
S 3.0 30| 30| 45| 52| 23| 37| 22| 20| 36| 80| 28
4o 3.1] 29| 31| 43| 55| 23] 37| 21| 25| 85 30| 26
B 3.0 28| 3.3| 42! 49| 27! 36| 21i 26| 32| 30| 28
TSR 32| 28| 36| 50| 48| 34{ 32| 21| 26| 32| 28| 27
e 3.2 22| 86| 50| 46| 42, 32| 21, 26 30| 30| 26
Bl 30| 28 38| 55| 38| 36, 30| 21| 26| 30| 30| 26
9 ... 29{ 28| 44! 58| 40| 33| 80| 22| 26| 24| 30| 26
100, 25| 28| 49| 70| 64| 32| 29| 22| 22| 22| 30| 26
SN I 3.2 28| 52 102 69| 26| 29| 24| 36| 26| 30| 27
S I 3.2 26| 50/ 86| 82| 20| 29| 24| 33| 26i 30| 26
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Mean daily gage height, in feet, of Piscataquis River near Foxcroft, Me., for 1904—Con.

Day. Jan. | Feb. } Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec.
3.2 2.5 4.6 6.2 8.2 2,0 3.0 2.4 2.2 2.6 2.6 2.7
3.4 2.6 4.6 4.6 5.4 2.3 3.2 2.4 2.3 2.6 3.0 2.5
3.4 2.8 4.5 4.2 1.4 2.3 3.2 2.7 2.8 2.7 3.1 2.4
3.5 2.8 4.4 4.0 5.8 2.5 3.0 2.6 3.5 2.6 3.6 2.4
3.5 2.8 4.2 3.8 6.6 2.7 2.8 2.6 3.0 2.6 3.2 2.4
3.7 2.8 4.2 3.6 5.6 2.7 2.8 2.6 2.8 2.6 3.0 2.1
3.9 2.71 3.9 3.8 4.8 2.7 2.7 2.6 3.0 2.6 2.8 2.8
3.4 2.4 3.8 4.0 5.0 2.7 2.7 2.6 3.0 2.6 2.6 3.0
3.2 2.0 3.8 4.1 4.4 2.7 2.7 2.9 2.8 3.0 2.8 2.8
3.2 2.4 3.8 4.0 4.2 2.6 2.6 3.0 28 4.5 2.9 2.8
3.3 2.8 3.6 4.0 4,3 2.6 2.5 2.9 2.8 3.9 3.0 2.8
3.2 3.0 4.3 4.8 4.0 2.6 2.4 2.7 2.7 3.5 2.8 2.8
3.7 3.2 4.4 5.2 3.7 2.6 2.3 2.6 2.6 3.2 2.9 2.6
3.2 3.0 4.6 5.4 3.0 2.5 2.3 2.6 2.6 3.4 2.8 2.8
. 3.4 3.0 5.1 5.4 3.6 3.1 2.3 2.3 2.7 4.0 2.5 2.8
p2 ‘ 3.2 3.0 5.2 5.4 3.5 3.0 2.4 2.2 2.7 3.8 2.6 3.2
2.9 2.9 5.0 6.0 3.3 2.7 2.3 2.4 2.8 3.5 2.6 3.0
3.0 ....... 4.8 6.7 3.4 2.6 2.3 2.2 4.0 3.4 2.4 2.8
3.0 ....... 4.6 [oocaa.n 3.4 [.a..ol. 2.3 b2 P b 28 DO 2.8

Ruating table of Piscataquis River near Foxcroft, Me., from January 1 to.December 31, 1904.

h%?ggl?t, Discharge. hg?gghet. Discharge. i hgxﬁggift. Discharge. hg% Et_ Discharge.

Feet. Second-feet. Feet. Second-feet. Feet. Second-feet. Feet. Second-feet.
2.0 64 2.7 267 3.8 1,023 5.2 2,635
2.05 72 2.75 292 3.9 1,113 5.3 2,785
2.1 81 2.8 318 4.0 1, 208 5.4 2,940
2.15 90 2.85 345 4.1 1,303 5.5 3,100
2.2 100 | 2.9 374 4.2 1,403 5.6 3. 265
2.26 111 ‘ 2.95 406 4.3 1,508 5.8 3,610
2.3 123 3.0 437 4.4 1, 615 6.0 3,970
2.35 135 3.1 502 4.5. 1,725 6.2 4, 335
2.4 148 3.2 569 4.6 1, 840 6.4 4,705
2.45 163 3.3 638 4.7 1, 960 6.6 '5, 080
2.5 180 3.4 709 4.8 2,085 6.8 5, 460
2.55 199 3.5 782 4.9 2,215 '

2.6 220 3.6 858 5.0 - 2, 350

2.65 243 || 3.7 938 5.1 2,490

The above table is applicable only for open-channel conditions.
20 discharge measurements made daring 1902 to 1904, inclusive.
between gage heights 1.5 feet and 6.0 feet.

these limits.

IRR 124—05——4

It is based upo
It is well defined
The table has been extended beyond
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Estimated wmonthly discharye of Piscataquis River near Foxcroft, Me., for 1904.

[Drainage area, 280 square miles,]

Discirlarge in second-feet. Run-off,
Month, ~ﬁ* e
‘ Maximum. | Minimum. | Mean. Spegxi;é:é;? Hzl(ﬁlhe;n
January ... .o ... 1,113 180 587 2.10 2. 42
February . ........ooo........ 1,023 64| 348 1.24 1.34
March ... .. ... ‘ 2,635 437 1,459 5.21 6.01
Aprilo oo oo L. [ 15, 050 858 | 3,004 10.7 ©11.9
MAY - 8,840 437 | 2,532 9.04 | 10.4
June .__.._........ e mecaaean 1,403 64 319 1.14 1.27
July -l 938 123 388 1.39 1. 60
August ..o ... ilils 437 81 174 . 621 .716
September.. ... .. ........... 1,208 64 325 |- 1.16 1.29
October ... ... ... 1,725 100 587 2.10 2. 42
November ... ccoviaceaaaans 858 148 395 1.41 1.57
December .__.__> ... ... 569 81 273 . 975 1.12
The year .. _._....._._.__. | 15, 050 64 866 3.09 42. 06

COLD STREAM AT ENFIELD, ME.

Cold Stream is the outlet from Cold Stream Pond—really a series of
ponds comprising a total area of water surface of about 10 square
miles, the largest, which is mostly in the town of Enfield, having
about 8 square miles area.

Cold Stream flows into Passadumkeag Stream, a tributary of the
Penobscot, at a distance of some 44 miles from Cold Stream Pond, and
has a total drainage area of about 37 square miles. The basin is mostly
wooded and only sparsely settled. During the first half mile the fall
is rapid, but through the rest of its course the stream runs through a
great swamp, and is tortuous in its course, with sluggish current.
Near the village of Enfield a fall of perhaps 10 to 12 feet has in the
past been developed for power for a saw and shingle mill, but is not
now in use. This drainage basin has been considered as a source of
water supply for the district, which includes Bangor and some other
adjacent towns.

This station was established June 14, 1904, by N. C. Grover, and
was located at the highway bridge, about three-fourths of a mile south
of Enfield, on the road to Passadumkeag. During the summer it was
found that the gage was within the influence of back water from
Passadumkeag Stream, and consequently, on September 12, 1904, the
gage was taken from the highway bridge mentioned above and placed

A\l
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about 200 feet below the old mill, near Enfield post-office. The drain-
age area at this point is about 26 square miles.

The gage is a standard chain, attached to a clump of maple trees on
the right bank of the river; length of chain, 10.24 feet. It is referred
to the following bench marks: (1) Spike in maple tree near the gage;
elevation, 6.89 feet above gage datum. (2) Point on a rock marked
““B. M.—2,” about 8 feet downstream from the gage on the right
bank; elevation, 4.55 feet above gage datum. (3) Center of the gage-
box pulley; elevation, 9.08 feet above gage datum. Discharge meas-
urements are made at low and medium stages by wading in the vicinity
of the gage. High-water measurements are made from the bridge
about 600 feet above the gage. The stream is fairly straight in the
vicinity of the gage, and is about 30 feet wide at ordinary stages. The
bed of the stream is rocky and permanent; the banks are not high and
probably overflow at high stages. The width is about 30 feet; depth
about 0.9 of a foot; velocity is high at all stages. The gage is read
daily by Mr. A. J. Twombley, a farmer, at Enfield.

The observations at this station during 1904 have been made under .
the direction of H. K. Barrows, district hydrographer.

Discharge measurements of Cold Stream at Enfield, Me., in 1904.

Date. Hydrographer. é:é;f‘ogf. . é\llgg‘#y. hGe‘riagg];et. Discharge.

Square feet. | Ft. per sec. Feet. Second-feet.

September 9 ... H. X. Barrows._..._.... 17 2.12 2.72 36
October 12.._.. F. E. Pressey -......... 20 1.85 2.75 37
October 21._....|..... do o, 23 2.43 2.92 . 56
November 4 ..[-.... do oo, 25 2.16 | 2.90 54

Mean daily yage height, in feet, of Cold Streawm at Enfield, Me., for 1904.

Day. Sept. Oct. Nov. | Dee. Dfiy. " Sept. Oct. Nov. | Dec.
b N AP, 2.9 2.9 P IS ¥ A, 2.9 3.0 2.7 2.7
2 PR 2.9 2.8 2.7 (18 eiiiiiiaias 2.9 3.0 2.9 2,7
 JA R PR 2.9 2.8 27119 i 2.8 3.0 2.8 2.6
L S 2.9 3.0 27120l 2.8 3.0 2.7 2.7
5 TR P 3.0 2.8 2.8 121 oo, 2.8 2.8 2.8 2.6
2 PO 2.8 2.8 2.8 (122 . ...iio.. 2.8 3.0 2.8 2,7
P P 2.8 2.8 27|23, 2.8 3.0 2.7 2.7
< 2 P 2.8 2.8 27| 2.l 2.9 3.0 2.6 2.7
LT PR 2.9 2.8 2.7 26 i 2.9 3.0 2.7 2.6
10 i 2.4 2.8 2.8 28126 ... 2.8 3.0 2.8 2.6
B 2.8 2.5 2.8 2.7 127 e 2.8 3.0 2.8 2.7
1200l 2.8 2.7 2.8 2.8 || 28 . s 2.8 3.0 2.8 2.7
D S, | 2.7 2.7 2.7 2.8 1029 i, 2.8 3.0 2.7 2.6
T4 2.7 2.7 2.7 27|80 e, 3.0 3.0 2.6 2.7
D ¥ T 2.9 2.7 2.7 2.6 |1 81 3.0 .cvennnn 2.6
16 i 2.9 2.8 2.7 2.6
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PHILLIPS LLAKE AND GUTLETS IN HOLDEN AND DEDHAM, ME.

Phillips Lake drains an area of about 11.5 square miles, and has a
water surface of about 1.4 square miles. It is situated about 10 miles
southeast of the city of Bangor. The shores are generally rocky and
the adjacent country mostly wooded and only sparsely settled. The
water is apparently of excellent quality and of considerable depth.
This lake is being prominently considered as a new source of water
supply for the city of Bangor. There are two drainage outlets of this
lake. The greater amount of water flows from the northern end of
the lake northerly through the village of Kast Holden; thence south-
erly through Long Pond and into Penobscot River below Bucksport.
The total length of this outlet is 18 miles. The other outlet, situated
at the southeast end of the lake in the town of Dedham, flows into
Green Lake and thence into Union River. Through this outlet there
is flow only during medium and high stages.

The United States Geological Survey maintains gages at the two
outlets of the lake; also a gage for obtaining a record of lake level.

The station at the northern outlet was established July 7, 1904, by
F. E. Pressey. It is located about 1% miles from the lake, one-fourth
mile south of the village of East Holden and 175 feet south of an old
mill. The drainage area at this point is 12.3 square miles. A plain
staff gage was first used, attached vertically to a maple tree on the
right bank, but this was replaced on December 6, 1904, by a standard
chain gage attached to the same maple tree; length of chain, 9.48 feet.
The gage is referred to bench marks as follows: (1) A spike, approxi-
mately vertical, in the foot of the tree to which the gage is attached,
inclosed in a circle and marked ** B. M.-—1""; elevation, 5.24 feet above
the gage datum. (2) The highest point on a large stone about 25 feet
upstream from the gage in the bed of the stream. It is inclosed in a
circle and marked ‘* B. M.—27; elevation, 5.51 feet above gage datum.
(3) Spike driven into maple tree to which gage is attached, approxi-
mately horizontal, for use in measuring to the water surface; eleva-
tion, 6.17 feet above gage datum. (4) Center of gage-box puiley;
elevation, 8.30 feet above gage datum.

Discharge measurements are made at ordinary stages by wading near
the gage. At high water they are made from a railroad bridge about
one mile upstream. The channel is straight for about 10 or 12 feet
above the gage and curved just below the gage. The bed is rocky and
rough but permanent. The banks are high and not subject to over-
flow. There is but one channel at all stages. The ordinary width is
about 10 feet; depth, 0.8 of a foot; velocity, high at all stages. The
gage is read once each day by Lewis Pinkham, of East Holden.

The station at the southeast outlet was established July 19, 1904, by
H. K. Barrows. It is located at the highway bridge about 14 miles
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southeast of Lake House railroad station, and is about 700 feet south-

east of the Maine Central Railroad crossing. A plain staff gage is

fastened vertically to the logs of the floor and the right abutment of

the single-span highway bridge. 1t is referred to bench marks as fol-

~ lows: (1) A point and circle on stone of the southeast abutment of the
bridge marked ¢ B. M.—1"; elevation, 6.31 feet above the gage datum.
(2) Highest point of stone about 50 feet north of the gage on the west
side of the road, inclosed by a circle and marked ““B. M.—27; eleva-
tion, 10.04 feet above the gage datum.

Discharge measurements are made at low and medium stages hy
wading just below the bridge, and at high stages from the downstream
side of the bridge to which the gage is attached. The channel is curved
for about 25 feet above the station and straight for some 30 feet below.
The bed of the stream is of gravel, rough but permanent. The banks
arerocky, wooded, and liable to overflow. There is butone channelat
all stages. The gage is read only when meter measurements are made.

The station on Phillips Lake was established July 19, 1904, by H. K.
Barrows. It is located about one-fourth mile west of Lake House
railroad station. The gage is a plain, vertical staff fastened to a bowl-
der on the east shore of the lake about 300 feet northwest of Dr. L. S,
Chileott’s cottage. It is referred to bench marks as follows: (1) A
point on ledge of rock east of the gage, inclosed by a circle and
marked ‘“B. M.—1"; elevation, 10.28 feet above gage datum. (2) A
point on a ledge of rock about 10 feet west of the gage, inclosed by a
circle and marked ¢ B. M.—2”; elevation, 11.86 feet above gage datum.

- This gage has been read at intervals of a week or two, and results
furnished through the courtesy of Dr. L. S. Chilcott, of Bangor, dur-
ing the summer and fall of 1904.

An additional vertical staff gage, referred to the same datum, was
established on December 6, 1904. It is fastened to the east abutment
of the Maine Central Railroad bridge over the northern end of Phillips
Lake. It is referred to bench marks as fellows: (1) The northwest
corner of wing wall at west end of bridge; elevation, 16.79 feet above
gage datum. This gage is read once a week by H. C. Lord, section
foreman of the Maine Central Railroad, who lives at East Holden.

Observations at these stations during 1904 have been made under
the direction of H. K. Barrows, district hydrographer.

Discharge measurements of Phillips Lake, north outlet, at East Holden, Me., in 1904.

, | .
Date. Hydrographer. S‘fci?‘ogf' ‘ vgggﬁy. hgiséghet. | Discharge.
I

Square feet. | Ft.per sec. Feet. Second-feet.
July19......_. H. K. Barrows..... ... 7.86 1.23 [ 1.55 9.66
August 18 .. ... i F. E. Pressey - -cccooo-- 6.54 L9710 1.45 6.29
October 17..... { ..... do i 4.36 1.29 t 1.46 5.64

) I
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Discharge measwrements of Phillips Lake, southeast outlet, near (ireenlake, Me., in 1904.

Date. Hydrographer. s:g:et?ogf. vgggiltly. h(é?gglft‘ Discharge.
Square feet. | Ft. per sec. Feet. Second-feet.
July 19........ H. K. Barrows......... 1.23 0.89 1.42 1.09
August18.._._. F. E. Pressey .......... .20 .35 1.14 .07
October 17._._.{..... dO oo 1.25 1.18 1.49 1.48

Mean daily gage height, in feet, of Philips Lake, north outlet, at East Holden, Me., for 1904.

Day. July. | Aug. | Sept. Oct. Nov. Dec.
170 | 145| (a) 1.45 1.80
1.70 | 1.50 |. 1.45 1.90
1.65 | 1.48 1.45 2.00
1.66 | 1.45 1.45 1.80
1.66 | 1.45 1.45 1.70
1.60 | 1.45 1.45 1.70
1.60 | 145 1.45 1.70
1.60 | 1.45 1.45 1.70
1.60 | 1.45|. 16| 170
1.55 | 1.42 1. 1.45 1.65
1.55 ] 1.40 1.45 | 1.6
1.56 | 1.40 1.46 1.65
1.48 | 1.40 . 1451 1.70
1.45] 1.40 |. 1.45“ 1.70
1.40 1 1.40 1.45 1.65
1.40 | 1.40 1.45| .1.66
1.4 1.40 1.45 1.65
1.40 | 1.40 1.45 1.65°
140! 1.40 1.45 1.70
1.40 . 1.40 1.45 1.65
1.62 | 1.40 1.50 1.70
1.50 | 1.40 1.50 1.75
148 1.40 1.50 1.70
.45 1.40| 1.45| 1.55 1.60
1.45 1.40| 1.45| 1.60 1.65
1.451 1.40| 1.45| 1.65 1.65
1.45 | 1.40 | 1.45| 1.70 1.65
1.45 | 1.40 | 1.45( 175 1.70
1.48 \ 1.40| 1450 1.7 1.65
1.45| 140| 145 175 1.66
145 |eeeaneen 145 |.oeenn. 1.65

aNo gage readings October 1-16.

Mean daily gage height, in feet, of Phillips Lake, at East Holden, Me., for 1904.
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KENNEBEC RIVER DRAINAGE BASIN.

Kennebec River is one of the best streams in the United States for
the development of water power. Its basin, which lies wholly within
the State of Maine, between those of the Androscoggin and the Penob-
scot, is 150 miles in length and from 50 to 80 miles in width in the
main portion, embracing a total area of 6,110 square miles. Of this
area 1,330 square miles are tributary to Moosehead Lake, in which
the river has its source. The upper tributaries, however, rise in the
hilly, forested areas lying to the east and west of that lake. Of these,
Moose River is the most important. The northern part of the drain-
age basin is broken by offsets from the White Mountains. Nearly the
whole of the upper portion is forest covered and in its original wild
state.

Below the outlet of Moosehead Lake the hills close in upon the
river, forming a narrow, rocky chasm, with steep and precipitous
sides. From Moosehead Lake to The Forks the river is a torrent,
the total fall in the 23 miles being 500 feet. Dead River is tributary
to the Kennebec at The Forks. Below this junction the river flows
with a lesser slope in a narrow, winding bed about 20 miles to Bing-
ham; thence through a broader valley in which are located many
farms. There are between Bingham and tide water a number of large
falls at which water power has been developed.

The prevailing rock in the northern part of the basin is slate, with
a belt of sandstone to the west and a district of granite to the east of
Moosehead. South of Bingham mica-schists run into the clay slate
in spots and elsewhere into gneiss, but (except where broken by
intrusions of granite, as at Hallowell and Augusta) slate prevails
as far as Gardiner. Below the latter city gneiss predominates, with
stretches of mica-schists on the east bank. The surface materials are
finely pulverized. Water-retaining sands and gravels are more ahun-
dant in the northern part, succeeded by a greater proportion of loam
and clay to the south.

The areas of the drainage basins of the river and its principal trib-
utaries are given in the following table.
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Drainage areas of Kennebec River and principal tributaries.
River Locality. Drgirlé:.ge
Square miles.
Kennebec ... .. Outlet of Moosehead Lake .- oo oeenenneno.. 1,330
Do .. The Forks . ..o iiiiiiciaaaas 1, 670
Do.. ...l Immediately below mouth of Dead River.... 2,540
Do Caratunk Falls, Solon ... ... .............. 2,790
Do. . ... .. North Angon, above mouth of Carrabassett 2, 880
River. .
Do Madison - ..o 3,310
Do Norridgewoek - - cccnenenaooeeinaacianaaann 4,020
Dol Fairfield .. .ooo oo 4,370
Do ‘Waterville, above mouth of Sebasticook 4,380
River.
Do ool Waterville, below mouth of Sebasticook 5,310
River.
Do Augusta ..o iieiieiiaiaiaas 5,710
1 S Head of Merrymeeting Bay . ....c.o.o....... . 6,110
MOOS€. ceeee e Mouth .. iiiiioa-. ' 680
Roach... ... ... Roach River ... . . .. il 85
Dead............ hemaaen Mouth, The Forks ........coeoocooaaiaaaann 870
Carrabassett .. ........_. North Anson, above Embden Brook......._. 340
Dol Mouth ..o 395
Randy ..o ooiiaoo.. Farmington. ... .ocoeooioiooao i iiiaaaaan. 350
Do Mouth .. il 670
Sebasticook ... ... |..... 6 LT 930
Messalonskee - .........{-.... 6 S RPN 208
Cobbosseecontee . _....._|..... [0 enn- 240

The United States Geological Survey now maintains gaging stations

at the following places in the Kennebec drai<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>