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THE UNDERFLOW IN ARKANSAS VALLEY IN
WESTERN KANSAS.

By Cnaries S. SLICHTER. |

INTRODUCTION.

The investigation of the underflow of Arkansas River, described in
this paper, was made during the summer of 1904. The field party was
under the general supervision of the writer. Mr. Henry C. Wolff had
charge of the measurements of the rate of movement of the ground
waters. He also made careful determinations of the fluctuation of the
position of the water plane, and the success of the field work was
largely due to his skill and bard work. Mr. Ray Owen had charge of
level and plane-table work, and made a contour map of the water plane.

A few of the principal conclusions may be summarized as follows:

1. The underflow of Arkansas River moves at an average rate of 8
feet per twenty-four hours, in the general direction of the valley.

2. The water plane slopes to the east at the rate of 7.5 feet per mile,
and toward the river at the rate of 2 to 3 feet per mile.

3. The moving ground water extends several miles north from the
river valley. No north or south limit was found.

4. The rate of movement is very uniform.

5. The underflow has its origin in the rainfall on the sand hills south
of the river and on the bottom lands and plains north of the river.

6. The sand hills constitute an essential part of the catchment area.

7. The.influence of the floods in the river upon the ground-water
level does not extend one-halt mile north or south of the channel.

8. A heavy rain contributes more water to the underflow than a
flood.

9. On the sandy bottom lands 60 per cent of an ordinary rain reaches
the water plane as a permanent contribution.

10. The amount of dissolved solids in the underflow grows less w1th

the depth and with the distance from the river channel.
5



6 UNDERFLOW IN ARKANSAS VALLEY, WESTERN KANSAS.

11. There is no appreciable run-off in the vicinity of Garden, Kans.
Practically all of the drainage is underground through the thick
deposits of gravels.

12. Carefully constructed wells in Arkansas Valley are capable of
yielding very large amounts of water. Each square foot of percolat-
ing surface of the well strainers can be relied upon to yield more than
0.25 gallon of water per minute under 1 foot head.

13, There is no indication of a decrease in the underflow at Gar-
den in the last five years. The city well showed the same specitic
capacity in 1904 that it bad in 1899.

14. Private pumping plants in the bottom lands will be profitable
for irrigation if proper kind of power be used. There should be a
large field of usefulness for suction gas-producer power plants of from
20 to 100 horsepower, with Colorado hard coal or coke as fuel. Kan-
sas crude oil in gas generators should prove profitable for use in the
smaller plants. The present cost of pumping with gasoline for fuel is
not encouraging. A



CHAPTERI.

MEASUREMENTS OF THE UNDERFLOW OF ARKANSAS
RIVER.

GENERAL STATEMENT.

Investigations of the underflow of Arkansas River were begun June
11, 1904. The work consisted of the mapping of the water plane or
ground-water level within a distance of 6 to 12 miles from the river
channel, and of observations by the electrical method of the rate of
movement of the underflow. . The ground-water levels were obtained
by observing the water levels in private wells in the neighborhood of
theriverand ina few wells which weresunkespecially for this purpose.
The slope of the water plane was found to be between 7 and 8 feet to
a mile in a general easterly direction, and from 2 to 3 feet to a mile
toward the river channel from the country immediately to the north
and south. The southern margin of the river valley is bordered for 5
to 10 miles to the south by sand hills, which are only partially covered
with natural vegetation. These sand hills extend from east of Dodge,
Kans., to beyond the Colorado line. The river valley proper varies in
width from 1 to 5 miles. Near the river channel there isa strip known
as ‘““first bottoms,” which is only a few feet above the river level.
The principal cultivated portion of the valley lies from 3 to 8 feet
higher than first bottoms, and is locally known as ‘‘second bottoms.”
North of the river valley the ground rises rather abruptly to the high
plains with their well-known level topography and compact sod of
native grasses. The slope of the water plane toward the channel of
the river from the north is, as has been stated, about 2% feet to a mile,
but 10 to 14 miles to the north of the valley the slope of the water
plane changes from southerly to northerly, and the land at the same
time gently dips to the north toward the valley of White Woman
Creek. The easterly slope of 74 to 8 feet to the mile is maintained,
however, quite constantly throughout all of this region.: Fig. 1 shows
the results of the determination of the water plane.

MEASUREMENTS 2 MILES WEST OF GARDEN, KANS. (CAMP I).

The measurements showed a rate of movement much greater than .
had been anticipated. The first set of underflow stations were estab-
lished at a point about 2 miles west of Garden (camp 1), as shown on
the map (fig. 1). The stations were in a north-south line, which was

7
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hills, leaving but little bottom land on the south side of the river. The
channel of the river where the observations were made is about 1,

feet wide.

On the north side is a strip of low land, or first bottoms,



MEASUREMENTS OF THE UNDERFLOW. 9

about 1,100 feet wide, which is only a few inches above the general
bottom of the river bed. This low bottom has several sloughs run-
ning through it approximately parallel to the river. North of this
low strip of bottom the land abruptly rises several feet and continues
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F16. 2.—Map showing location of underflow stations and test wells at camp 1, 2 miles west of Garden,
Kans. The velocity and direction of flow is shown by the length and direction of the arrows at the
various stations. The depth is indicated in figures at each location.

to rise gradually for several miles farther north, this slope constituting
the cultivated portion of the valley—the so-called second bottoms.
The measurements at this point were made at stations that lay, in
general, in a straight line across the valley (fig. 2). Most of the meas-
urements were made in the river channel itself; or on the low ground
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to the north. One test was made on the south side of the river at the
foot of the sand hills and another 1 mile to the north. The velocities
were determined at depths ranging from 11 to 65 feet. The results of
the measurements at this location are given in Table 1.

TaBLE 1.— Underflow measurements at camp I, 2 miles west of Garden, Kans.

Date of test. slt\;%ég_ gg%’gﬁ. o\f]v%i:%;u}t.l}f’l Olfz?g‘zlgilst . Location and remarks.
1904. Feet. |Ft, per day. ° ~

June30............. 9 16 5.8 90 | 1 mile north of river.
June 22 1 14 4.8 101" | 1,100 feet north of river.

Do... 3 31 10.3 71 Do.
June 21.. 2 15 9.6 103 | 430 feet north of river.
June 24.. 5 31 8.0 65 Do.
June 26 5 29 8.0 77 Do.
June 25............. 4 17 9.0 55 | In channel, 250 feet north of center.
Julyé.... 8 28 9.6 121 } In channel, 150 feet south of center,
July4.... .. 10 17 8.2 121 Do.
July9...... . 12 11 4.0 120 | 250 feet south of river.
September 6 6 65 1.7 101 | 1,100 feet north of river.
September8........ 40 25 1.8 104 | NW. corner SW. : sec. 2, T. 28 S,, R.

33 W., 81 miles north of river.
AVETAZE ceencsfocnmnnnacaloenannn. 6.6 94

Mean direction of river channel, 100° east of north.

Of the stations for which data are given in this table, No. 9 was
located on the second bottoms 1 mile north of the river, No. 40 was
located on the uplands 84 miles north of the river, and No. 12 was in
the sand hills south of the river. The other stations were either in
the first bottoms or in the channel. Station No. 6 reached so-called
““second water,” or the water beneath a layer of silt which seemed
quite impervious to the flow of water. The mean of all of the observed
velocities was 6.6 feet a day. The average direction of the motion
was 94° east of north, which may be compared to the average direction
of the river valley at this point, which we have estimated to he approx-
imately 100° east of north. On the cross section through the river
channel and the first bottoms (fig. 3) are shown the depth of a number
of the test wells near the river channel and the velocity of the under-
flow.

Except for occasional layers of silt, the gravels were very uniform
in size and character of grain; a large percentage of any one sample
consisted of grains larger than grains of wheat. The gravel was also
found to be very uniform in lateral extent, but showed a tendency to
become coarser with the depth until 32 feet was reached. At about
32 feet fine sand and silt was encountered, which seemed, as nearly as
could be determined from the wells sunk in a comparatively small
radius, to be horizontal in extent. Fine material was encountered at
a higher level at only one place, which was near the center of theriver
at u depth of about 18 feet, but 50 feet upstream it was entirely absent.
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A well was put down at station No. 11 in order to secure a sample of
this fine material. It was found at the same level as at stations No. 6
and No. 8, and consisted of about the same kind of material, except
that it contained a considerable amount of gypsum mixed with sand.
This fine sand must be more or less impervious, for no water could be
drawn by means of a hand pump from a well driven in the sand, and
a hole washed out 8 feet below the casing remained for a considerable
time unfilled with sand.

Arkansas — Fiver g«

hd
Ny
5,

<@

@ 72 <>
<gg> Velocity of underfiow in feet per day
Fine sami awdl it @) 7oral solids in parts per 108000
Chiorine in parts per 100,000
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0. 200 400 600 800 opofeet

Vertical scale
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@)= @

FIG. 3.—Cross section near camp 1, 2 miles west of Garden, Kans. The total solids dissolved in the
ground water at various depths are shown, in parts per 100,000, by the numbers inclosed in rectan-
gles. The numbers inclosed in circles express the amount, in parts per 100,000, of chlorine found
at the position at which the circles are placed.

The velocities above this layer of silt are very uniform, ranging
from +.8 feet a day to 10.3 feet a day, with an average for ten tests of
7.68 feet a day, with the direction varying from 55 east- of north to
121° east of north.

The direction of motion at these various stations, as has been stated,
was in general toward the east, but several exceptions were noted from
time to time. At the” time field work was begun the channel of the
Arkansas River was dry, as is very usual in the months from June to
October. The summer of 1904, however, proved to be an exceptional
one, and high floods were of constant occurrence throughout-the sea-
son. One of these floods came down the river soon after the first
underflow stations were established near the bank of the river. This
offered an excellent opportunity of determining the influence of the
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river waters upon the underflow. At one underflow station, situated
near the north bank of the channel of the river, 2 miles west of Gar-
den, the direction of the flow of the ground waters was very greatly
changed by the flood in the river. It was therefore possible to meas-
ure the rate at which the river contributed to the ground waters at
this point. It was found that the water during the early stages of the
flood flowed away from the river at the rate of 6 to 8 feet per twenty-
four hours. This point can be established by consulting the record for
stations No. 2 and No. 5, as given in Table 1. These stations are
located at the same point. The velocity at station No. 2 on June 21,
1904, before a rain on the night of June 21, and before a flood which
came down the river at 3 p. m. June 22, was 9.6 feet per twenty-four
hours in a direction 103° east of north, which is substantially the direc-
tion of the river channel. After the flood the velocity at the same place
(at a greater depth, however) was found to be 8 feet per twenty-four
hours, in a direction 65° east of north, or at anangle of 35° away from
the river channel, the flood having therefore changed the former
direction of flow by about 38°. On June 26, when the flood had still
further receded, a second determination of velocity showed the same
rate as before, but the direction had shifted to 77° east of north, or at
an angle of about 23° with the river channel.

It was not only possible to actually determine this rate of loss of
water from the river by the use of the electric underflow meter, but
the northerly progress of the water from the river into the gravels
could be noted by observation of the changes in the temperature of the
ground water as it flowed north. The river water was much warmer
than the natural ground water, and the increased temperature could
be followed away from the river bank. These facts are shown by the
temperatures of the water recorded in Table 11. In that table will be
found the following entries:

Temperature of water of river and test wells, June 20, 1904.

°F,
3 71
Test well No. 3, 360 feet north of river. ... ... . ... ... 62.5
Test well No. 1, 1,100 feet north of river. ... ... iiiiiioiii i 59

The water taken from the other wells had a somewhat more uniform
temperature, excepting in two cases—that taken from the wells at sta-
tion No. 10 and station No. 8. At station No. 10, at a depth of 18
feet, the temperature was 51°; at station No. 8, 28 feet below the
bottom of the river, the temperature was 48°, Which was the coldest
water found at any point. At these two stations the direction of the
underflow was the most southerly of any found, being in each case
121° east of north. _

It was also possible to partially trace inward moving ground water
originating in the river by the change in the chemical composition of
the water. Apparatus was at hand for determining the alkalinity,
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harduness, chlorine, and the total solids dissolved in the water; and this
" apparatus was used to secure the results just stated. A further veri-
fication of the inwardly moving ground water was found in the changed
slope of the water plane during the flood periods in the river. The
water plane sloped away from the river about 8 feet to the mile during
the first stages of high water, and corresponded quite accurately with
the observed velocities of the water. Fig. 3 shows the slope of the
water plane on June 23 and July 8. Several gradients corresponding
to other dates are given in Table 1. .

MEASUREMENTS AT SHERLOCK, KANS. (CAMP 2).

Several underflow measurements were taken at camp 2, which was
situated at Sherlock, Kans., 7 miles west of Garden. The results
differed little from those found at the first set of stations at camp 1,
except that more sorting of the gravels had taken place at the latter
point, giving greater variety to the rate of movement. The location
of the various test wells and underflow stations is marked in fig. 4.
The same stations are shown in cross section in fig. 5. The details of
the results are printed in Table 2. From this table it will be observed
that the average velocity of the underflow for all of the stations was
8.9 feet per twenty-four hours. The mean direction of the motion was
93.5° east of north, which may be compared with the mean direction of
the river valley at this point, which was computed to be 105° east of
north. There was some water in the river throughout all of the time
during which the tests were made, and on July 27 a heavy flood swept
down the river. ‘

TaBLE 2.— Underflow measurements at camp 2, Sherlock, Kans.

No. of Depth | Velocity | Direction ! X
Date of test. station [ ofground |of flow, east Location and remarks.
© | wells. water. of north. |
1904, Feel. | Ft.per day. °
JUY16meemeenen. 13 18 5.7 64.0 ' 700 feet north of river.
July80.............. 21 28 22,9 64.0 Do.
July8l.............. 2 28 2.8 101.0 | 1,700 feet north of river.
July17.... ... .. 14 322 9.1 75.0 ! In channel, 500 feet north of center.
July23. ... ... 18 21 16.0 101.0 . In channel, 20 feet north of center,
July22.............. 17 36 3.0 103.0 In channel, 210 feet south of center.
July18.............. ER I 16.7 13201 Do.
Julty29.............. 20 26 2.2 122,0 | 200 feet south of river.
July22.............. 16 18 2.0 79.0 | 2,100 feet south of river.
AVETBEZE - eoo e oaennns 8.9 93.5 !
l

Mean direction of river channel, 105° east of north.

- By studying the results of the measurements it will be observed
that station No. 22 was on the border of the second bottoms, 1,700
feet north of the north bank of the river. The velocity at this station
was 2.8 feet per day, and the direction of flow was substantially
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the same as the direction of the river valley. This result is impor-
tant, as the measurement was made on July 31, at a tinie when the

SEC 7, T.24S,R33W.

SEC.I2, T.245., R34 W.

SEC.18, 1. 245., R.3IW.

SEC./3,T 245, R34 W.

Scale
[ 500 1000 feet

Test wel/ No. 6 L/,g'

iSta 16

F16. 4.—Map showing location of underflow st.ations and test wells at Sherlock, Kaas., 7 miles west of
Garden. The velocity and direction of flow of the ground water are shown by the length and direc-
tion of the arrows at the various stations. The depth is indicated in figures at each station.

flood of July 27 should have shown some influence upon the direction

of flow, if it had any at all. The direction of motion at this station
was in marked contrast to the direction of flow observed at stations
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No. 13 and No. 21, located in the first bottoms, 700 feet north of the
river. At both of the latter stations the direction of flow was 64°
east of north, or in a direction making an angle of 41° northeast of
the general direction of the river valley. These stations were within
the immediate influence of the fluctuations of the height of the water
in the river.® :

Of the stations established in the channel of the river itself, it is
interesting to note that a station located north of the center of the
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Fi16. 5.—Cross section at camp 2, near Sherlock, Kans. The total solids dissolved in the,ground water
at various depths are shown in parts per 100,000 by the numbers inclosed in rectangles. The
numbers inclosed in circles express the amount, in parts per 100,000, of chlorine found at the
position where the circles are placed. The contour lines show the position of water of the same
strength. The contribution of solt water from the sand hills is very apparent.

channel (station 18) showed a component of velocity northerly to the
general trend of the valley, while a station south of the channel (sta-
tion 15) showed a component of velocity southerly®to the direction of
the valley. At station No. 17, in the channel at the same point as sta-
tion No. 15, but at a greater depth, the direction of the flow corre-
sponded closely with the direction of the valley, indicating that the
influence of flowing water in the river did not extend so deep. Station
No. 20 was located on the first bottoms, 200 feet south of the south
bank of the river. The motion at this point showed a southerly com-
ponent, the direction of flow making an angle of 17~ with the direction
of the valley. The measurement was taken while the river was in

aThis fact will be further illustrated at a later place in this report.
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flood. Station No. 16 was located in the border of the sand hills,
nearly a half mile south of the river. The direction of flow was toward
the river and away from the sand hills, as should be expected on
account of the excellent collecting area offered by the sand hills to the
rainfall.

The fact that the influence of the river only extends to very shallow
depths and that a considerable portion of the ground water origi-
nates in the sand hills is shown by the cross section (fig. 5). The con-
tour lines in this figure correspond to equal amounts of total solids
dissolved in the ground water. The soft water from the sand hills can
be observed to be crowding the strong water of the underflow to the
north of the valley.

MEASUREMENTS AT DEERFIELD, KANS. (CAMP 3).

Camp 3 was established near the Deerfield bridge, 14 miles west of
Garden. The valley at this point lies mostly south of the channel.
All of the south-side lands, to the edge of the sand hills, would proba-
bly be classed as ‘“first bottoms.” The surface of the ground on these
lands is only a few feet above the river bed and the soil is unusually
sandy. The topography of the sand hills south of the bottom lands is
unusually well adapted for collecting the rainfall, there being several
level stretches inclosed or hemmed in by the hills. A short distance
south of station No. 23 there are found the remains of a former river
bank, indicating that an ancient channel extended as far south as sta-
tion No. 23 (see fig. 6).

On the north side of the channel the river sweeps a high bank from
6 to 10 feet above the river bed for a distance of about 8 miles. The
uplands begin not more than 1 mile north of the river.

Since the channel here borders the extreme north margin of the
valley the underflow measurements were made south of the river or
in the channel. The results are printed in Table 3.

TaBLE 3.— Underflow measurements at camp 3, Deerfield, Kans.

No. of | Depth |Velocity of| Direction .
Date of test, station. of ground |of flow east Location and remarks.
wells. | water. of north.
1904, Feet. |Ft. per day. °
August6.._ ... ...._. 25 16 6.3 66.0 | In channel at center.
Dooeooeniino 24 21 12.5 67.0 | In channel 400 feet south of center.
Augustb............ 23 24 19.2 111.0 | 500 feet south of river.
August8...._....... 26 36 9.2 111.0 Do.
August9... ..., 27 24 14.8 129.0 | 1,050 feet south of river
August12._...._.__. 28 21 1.25 74.0 | 1,800 feet south of river.
September22....... 29 17 1.6 56.0 | 1.8 miles south of river.
Aungust17..... ... 32 31 2.2 63.0 | 1,800 feet south of river.
Average. . ....leeiaiivanafonaaann 4.4 84.6

Mean direction of river channel, 70° east of north.
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The average velocity of the ground water, 8.4 feet per twenty-four
hours, compares accurately with the average velocities found for
stations similarly located at previous camps. 'The mean direction does
not correspond as accurately with the general trend of the river
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velocity and direction of flow of the ground water is shown by the length and direction of the
arrows. The depth is indicated in figures at each station.

channel as at other stations, probably in part owing to the fact that
the river has at this point a very northerly course.

It will be observed that the direction of flow at stations Nos. 23, 26,
and 27, which are, respectively, 500, 500, and 1,050 feet south of the
river, had a strong southerly component, the resultant direction of

JRR 153—06——2
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motion making angles in the three cases of 41°, 41, and 59°, respec-
tively, away from the river. These are to be contrasted with the
direction of motion nearer the sand hills, at stations Nos. 29 and 32,
where the direction of flow was away from the sand hills and toward
the river, the direction of flow in the two cases making angles of 14°
and 7°, respectively, toward the channel of the river.

MEASUREMENTS AT CLEAR LAKE, NEAR HARTLAND, KANS.
(CAMP 4).

About 24 miles southeast of Hartland, Kans., in section 18, T. 25 S.,
R. 37 W., there is situated a small body of water called Clear Lake.
This pond is nearly circular, 820 feet in length and 280 feet across at
the narrowest point. The pond is located within 500 feet of the south-
side ditch, and the owners of the canal have had under serious consid-
eration the erection of a pumnping plant to take water from the pond
to supply the ditch with water for irrigation. It was expected by
the promoters of this scheme that the lake would act as an enormous
well and would furnish a large amount of water when its level was
lowered by means of large centrifugal pumps.

There have been the usual rumors current among the settlers to the
effect that the pond was very deep, and that its elevation was independ-
ent of the amount of rainfall or the fluctuations in the river, which at
this point is about 1 mile northwest of the pond. Investigations
showed that the water in the lake was 11 feet below the water in south-
side ditch. The location of the lake with reference to the ditch and
the topography near it is shown on the map, fig. 7. This is a 5-foot
contour map of the district surrounding the lake, made from the level
of the water in the pond as datum. Mr. H. E. Hedge, engineer of
the south-side ditch, furnished the field party much assistance, and
especially aided then: in the construction of a raft from which to take
soundings, so as to make a hydrographic map of the bottom of the
lake. The shores slope at an angle of about 35° to a depth of 16
feet, where there is practically a flat level floor of mud. At this depth
the diameter of the lake is about 100 feet. From this it can be com-
puted that the total volume of the lake is 483,000 cubic feet, or that
the lake contains about 11 acre-feet of water. The bottom of the lake
congists of an accumulation of black muck, which is very soft. A test
well was sunk in the center of the lake from the raft for the purpose
of determining the character of the material at the bottom, so as to
settle, as far as practicable, the question of whether the lake could be
used as a large well from which to secure a supply of water. In sink-
ing a 2-inch pipe for this purpose it-was found that it would sink of
its own weight to a depth of 30 feet. The pipe was then forced
down without driving to a depth of 40 feet, after which it was easily
jetted and driven to a depth of 62 feet below the water, or 46 feet
under the bottom of the lake. In clearing the material from the 2-inch
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pipe 75 feet of wash pipe was used, so that samples were washed up
from a depth of about 12 feet below the bottom of the 2-inch well.
The material washed out consisted of black mud and clay, with some
quicksand.
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A line of levels was run from Clear Lake to Arkansas River as
nearly as practicable at right angles to the direction of the river
channel. The result of this leveling showed that the river was at
least 8 feet higher than the lake.®

a Field notes show that the river was quite high at the time of the observation on August 20, 1904.
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This result was somewhat surprising, so that a second line of levels
was run to the river along the east line of section 13 until this line
intersected the river. This line of levels intersected the river at a
point three-fourths of a mile below the former point. The river at
this point was found to be 3 feet higher than the surface of Clear
Lake. Since the river slopes about 74 feet to the mile, this checks
the former measurement that the river opposite the pond is 8 feet
higher than the water in the latter.

The above observations seem to indicate that the small pond known
as Clear Lake is one of the many circular depressions which are found
throughout the western plains, and which have been fully described
by Mr. Willard D. Johnson.®

This small pond is of especial interest because it is in line with the
dry channel of a plains stream .called Bear Creek. This stream rises in
Colorado, and near the western horder of Kansas has a well-marked
valley, eroded to a depth of nearly 100 feet, but as it approaches
Arkansas River, near the north edge of Grant County, it loses this,
and its waters spread out on the plains and sink. The ordinary flow
of this stream is very small, but during times of heavy rain in eastern
Colorado and western Kansas it may carry a large quantity of water,
which it pours out upon the high plains of northern Grant County and.
into the sand hills along the south side of Arkansas River. On some
occasions the freshets in this stream have been so severe that the
waters have nearly reached the Arkansas. There is a slight elongated
depression extending through the sand hills in line with Clear Lake,
which makes it possible to believe that the waters of Bear Creek have
on some occasions in the past extended to the Arkansas, but so far as
known there is no settler who can testify to having actually observed
stich an event.

' It can easily be believed, from the rather remarkable character of
Bear Creek, that settlers would naturally associate Clear Lake with the
disappearing waters of Bear Creek, so that the story would become
current that Clear Lake was merely an evidence or indication of the
existence of an underground stream extending from the sand hills to
Arkansas Valley itself. On this account belief in the adaptability of
the lake for a supply of a large.quantity of water for irrigation has
been prevalent, so that an investigation of the conditions surrounding
the lake has importance. There are several streams of the same type
as Bear Creek in western Kansas.

Underflow stations Nos. 33, 35, and 36 were established, as shown on
the map (fig. 7), for the purpose of determining the direction and mag-
nitude of the velocity of the underground water. It was hoped to
determine in this way whether or not there was any seepage at this
point from the direction of Bear Creek toward Arkansas Valley. The

a The High Plains and their utilization: Twenty-first Ann. Rept. U S. Geol. Survey, pt. 4, 1900, pp.
609, 693-715. .
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direction and velocity of movement are indicated by the arrows shown
in fig. 7, and the details of the measurement are given in Table 4.
Station No. 88, 25 feet south of Clear Lake, gave a velocity of 5 feet
a day ; the direction was almost exactly across the dry channel of Bear
Creek and in the general direction of Arkansas Valley. Station No.
36, located at the same place, but at a depth of 38 feet, showed a
velocity of 4.8 feet in the samedirection. Station No. 85, 150 feet north-
west of Clear Lake, showed a velocity of 5 feet a day at a depth of 30
feet. The velocities observed at this point may have been due in part
to seepage from the south-side ditch, as the direction was almost
directly away from this ditch and in the general direction of the slope
of the ground. Even if this be the case, it nevertheless proves that
there is no seepage nor movement of ground water extending down the
so-called channel of Bear Creek, for if there had been such motion the
resultant velocity found would at least have shown a component of
motion in the direction of the flow in the channel of Bear Creek. It
would be impossible for the seepage from south side ditch to disguise
completely a ground-water movement in another direction.

TaBLE 4.— Underflow measurements at camp 4, Clear Lake, near Hartland, Kans.

No. of | Depth ‘{Velocity of | Direction
Date of test. station of | ground |of flow,east Location and remarks.
© | wells. I water. of north.
1904. Feet. | Ft. per day. °
August19 ... ...... 33 30 5.0 74 | 25 feet southwest of Clear Lake.
August 20 ... ...... 35 15 3.1 101 | 160 feet northwest of Clear Lake.
August 21 ......... 36 38 4.3 74 | 25 feet southwest of Clear Lake.

An attempt was made to sink a set of wells at station No. 34, 230
feet south of Clear Lake. At this point wells were driven to a depth
of 40 feet, but the material was so fine that no water could be pumped
from the wells, except a very little at a depth of 16 feet. On this
account no test was made. )

It can easily be concluded from the tests made above that it is not
feasible to use Clear Lake as a well from which a large quantity of
water can be pumped for irrigation purposes. While Clear Lake
undoubtedly has direct connection with the surrounding ground water
and shows the level of the ground water in its neighborhood, the evi-
dence from the character of the material encountered in stations Nos.
33, 85, and 36, and the evidence from direct observation of the flow of
the water and the material encountered in the deep well sunk in the
middle of the lake, show that the pond is not favorably situated for
use as a source of a large supply of water for the south-side ditch.

These observations also show that no ground water reaches either
Clear Lake or Arkansas River from the lost waters of Bear Creek.
Any seepage water approaching Arkansas Valley from Bear Creek
must take up a generally easterly movement almost immediately upon
entering the sand hills.
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Test wells A, B, and C were driven to shallow depths for the pur-
pose of determining the slope of the water plane through the Narrows.
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In addition to these test wells, the elevation of the water was taken
at Demlinger’s well and in the wells of station No. 88, and in test wells
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driven for the purpose of testing for rock. These wells form a line
about a mile long, as indicated on the map (fig. 8). The gradient of
the water plane in the first portion of this line was 7.5 feet per mie;
in the next portion it was 6.4 feet per mile, and in the next 9.2 feet
per mile. Justabove the Narrows the gradient was found to be 11.4
feet per mile, and in the last portion, in the Narrows itself, the slope
of the water plane was 8.5 feet per mile. A profile showing these
gradients is given at the bottom of fig. 9.

Test wells Nos. 1 and 2 (shown in fig. 8) were driven for the pur-
pose of testing for bed rock. What is believed to be rock was
struck at test well No. 1, at elevation 3,011.7, or 37 feet below the
water plane, and at test well No. 2 rock was reached at elevation
3,009.8, or 39.3 feet below the water plane. Rock was also struck at
station No. 38 at 88.75 feet below the water plane. As a diamond -
drill was not at hand, the evidence that bed rock was reached is, of
course, not conclusive. The only test that could be applied was the
evidence supplied by the drill on the wash pipe and by the way in
which the 2-inch casing acted when an attempt was made to drive it.

Two measurements were made of the rate of movement of the
underflow near the center of the Narrows at stations Nos. 37 and 88.
The velocities determined were 9.6 feet per twenty-four hours at a
depth of 16 feet and 3.4 feet per twenty-four hours at a depth of
25 feet.

TABLE 5.— Underflow measurements at camp 5, Narrows of Arkansas River, near Hart-
land, Kans.

No. of Depth | Velocity of | Direction
Date of test. station of ground |of low, cast| Location and remarks.
* | wells. water. of north.
1904. Feet. | Ft. per day. °
August23 ._........ 37 16 9.6 77 | Center of channel.
August 26 .......... 38 25 3.4 77 Do.

From the cross section of the Narrows (shown in fig. 9) an estimate
can be made of the amount of water which flows through the Narrows.
The total cross section of the sands, assuming the above test borings
as indicating the true position of bed rock, is 75,000 square feet.
Assuming one-third as the porosity of the sands and 10 feet per day
as the average velocity of the ground water, the total flow through the
Narrows would be 250,000 cubic feet per day, or 2.9 cubic feet per
second. The actual average velocity of the underflow is undoubtedly
much less than 10 feet per day, so that the above result represents the
maximum that can be claimed in a high estimate.



CHAPTER I1I.
FLUCTUATIONS OF GROUND-WATER LEVEL.

INFLUENCE OF RAINFALL AND OF HEIGHT OF WATER IN
ARKANSAS RIVER ON THE GROUND-WATER LEVEL.

During the field work of the summer several opportunities were
found to observe the influence of a change of level of the water in the
river upon the water plane in the adjacent bottom lands. The summer
of 1904 was especially favorable for observations of this kind, as the
season was an exceptional one, both in respect to the rainfall and as to
the quantity of water flowing in the river. There was water in Arkansas
River, in western Kansas, during nearly all of the time from the mid-
dle of June to the middle of September, and on several occasions floods
of marked suddenness and great severity passed down the river. The
rainfall during the same period was above the average. The record
of rainfall from May 1 to October 1, as observed by the volunteer sta-
tion of the United States Weather Bureau at Garden, Kans., is given
in Table 6. ‘

TABLE 6.—Daily precipitation, Garden, Kans., May 1 to September 30, 1904.

Date. May. June. ! July, | August. |September.
0.58 0.0 0.0 0.03 0.0
Trace. .25 .0 .0 A
1.82 .04 .0 . .0
.75 .0 .95 .28 .0

.0 .0 Trace. .0 .0

.0 .0 .12 45 .0

.0 .0 .55 0 .0
.20 .0 1.10 | 0 .0

.0 L2 .0 Trace. .0

.0 .0 .05 .0 .0

.0 .0 .0 .0 0
Trace .0 1.52 .0 .0
.0 .30 .08 .0 .0

.0 0 .0 .0 .0
Trace. .0 .0 .0 .0
.0 Trace. .0 .0 .0

.0 .19 .0 .0 .0

.0 .0 .0 .04 .0

.0 .0 .0 .32 .0

0 .0 Trace. 0 .0

03 [ Trace. Trace. 0 .0
..85 .9 al. 42 0 .0
.0 .0 .0 0 .0

.0 .0 .0 0 .0

.0 .0 .06 11 .0

.0 .0 .0 .0 .0

aMuch less at Sherlock, Kans. 5
2
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TaBLE 6.—Daily precipitation, Garden, Kans., May 1 to September 30, 1904—Continued.

Date. May. June. ] July. August. |September.

1

— |
O 0.03 0.0 | 0.0 0.0 0.10
2 e i .04 .20 | .0 .0 1.85
. .0 .0 .0 .0 1.10
P .0 0| .0 .09 .10
2 I [ P Trace. Trace. |..ccceeuan-.
TOBAL - eeeeee e ee et e 4.30 2.64 ‘ 5.65 1.32 3.39

Total for five months, 17.30.

Observations of the water plane were made very systematically
during the various stages of the water in the river by Mr. Wolft,
who was in charge of the party making the field observations. The
results of these observations are given in the accompanying diagrams,
which Mr. Wolff has constructed from the field notes. The first
underflow determinations were made at the camp located about 2 miles
west of Garden, Kans., on the ranch of Mrs. M. Richter, which is
referred to in the text as camp 1. At this camp a number of shallow
test wells were put in place for the special purpose of observing the
position of the water plane. These test wells are shown on the map
(fig. 2), from which it will be observed that test wells Nos. 1 and 2
were located north of the river bank at a distance of about 1,070 feet;
test well No. 3 was closer to the river, at a distance of about 360 feet
from the north bank. A large well located on the ranch of Mrs.
Richter, and used for irrigation, was also used for the purpose of
keeping track of the fluctuations of the water plane. The location of
this well is shown on the map (fig. 2) near the quarter-section corner
in the upper right-hand corner of the map. As will be observed, this
well is situated a considerable distance upstream from test wells Nos.
1, 2, and 3; hence the water in it stood much higher than that in the
test wells, since the water plane slopes eastward at the rate of about
T4 feet per mile. The land in which test wells Nos. 1, 2, and 3 are
situated is what is commonly called in that locality ¢ first bottoms.”
Immediately north of test wells Nos. 1 and 2 the “‘second bottoms”
begin, the Jand here being some 8 to 5 feet higher than in the ¢ first
bottoms.” Two sloughs shown on the map were grass covered, but
contained more or less water either during high stages of the river
or after heavy rains. In fig. 10 the elevations of water in Arkansas
River from June 16 to July 11, 1904, and the elevations in test wells
Nos. 1, 2, and 3 and in Mrs. Richter’s well are represented graphic-
ally. The elevations are expressed in feet above mean sea level, as
determined from the United States Geological Survey permanent
bench marks in the valley. The detailed observationsat these stations
are printed in Table 7, in which the elevations are given in feet above
mean sea level. The observation of the height of the river was made
from a gage rod.set up in the river and observed from the bank with
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period covered by the table.
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Observations were made morning and evening during the
Thare were occasional omissions of

observation of river height, due to the absence of the level from

camp.

TaBLE 7.—Elevation of ground water in the Arkansas River and in lest wells near camp
1, 2 miles west of Garden, Kans.

[Wells Nos. 1 and 2 are 1,070 feet north of river; well No. 3 is 360 feet north of river.

feet above mean sea level.]

Datum is 2,800
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28,60
26. 54
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26. 65
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From the morning of June 21 until noon of June 22, which are left
blank in the table, there was no material change in the height of the
river. The water in the river slowly sank during the period covered
from noon of June 16 to noon of June 22. The record shown in fig. 10
begins on June 16. The levels in the various wells remained substan-
tially stationary from that date until June 22. During the night of
June 21 a heavy rain fell, which is given on the official record at
Garden as 0.94 of an inch. The test wells on the morning of June 22
showed marked changes in the elevation of the ground water, due to
the rain of the previous night. Well No. 1 rose 0.68 of a foot; well
No. 2 rose 0.62 of a foot; well No. 3 rose 0.64 of a foot, while the
Richter well rose 0.05 of a foot before noon of June 22, and by the
morning of June 24 had risen 0.10 of a foot. The river remained sta-
tionary until 3 p. m. of June 22, when a flood consisting of an abrupt
wave swept down the river, causing a rise of 1.7 feet. - Notwith-
standing this rise in the river, the water in test wells Nos. 1 and 2,
1,070 feet from the river, fell during the interval between the morn-
ing and evening of June 22, while test well No. 3, which was situated
within 360 feet of the river bank, was only 0.1 higher at 6 p. m. of
June 22 than it was at 6 a. m. on the same day. These results show
that the heavy rain of the night of June 21 raised the water in all of
the test wells, but that the flood of the afternoon of June 22 raised
the water only in the well nearest the river. The river gradually
receded from the high-water mark reached on the afternoon of June
22, and all of the test wells gradually fell. There was no rain until
July 4, except a slight shower on June 28. Test wells Nos. 1, 2, and
3 showed a tendency to fall, although the water in the river was from
2 to 8 feet higher than the water in the wells during all of this period.

The rise in the water plane from 6 p. m. of June 21 to 6 a. m. of June
22, amounting to a rise of 0.68 foot in test well No. 1 and 0.62 foot in
test well No. 2, was due, as stated above, to a heavy rain which fell dur-
ing the night. From the data at hand it is possible to express the
magnitude of the contribution to the underflow as so many cubic feet
of water for each mile of the river valley. 1If this contribution be sup-
posed to extend uniformly over a given period of time, then the addi-
tion to the ground water may be expressed as a continuous flow of so
many cubic feet of water per second for each linear mile of the river
valley. Thus,in the present case, if we suppose that the rainfall of the
night of June 21 fell uniformly during the twelve hours from 6 p. m.
to 6 a. m., we can readily compute that the observed increased amount
of ground water was equivalent for each mile of valley along the river
to a continuous flow of water amounting to 23.8 cubic feet per second.
To put this in other words, we can say that if the sands of the valley
had contributed to the river by secepage all of the water which the rain
added to these same sands, the seepage would amount to a continuous
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flow into each mile of the river of 23.8 cubic feet per second, main-
tained for twelve hours.
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-In a similar way, if the water contributed to the ground by the flood
in the river from 3 p. m. to 6 p. m. of June 22 be considered as spread
uniformly over twelve hours, it can readily be computed that the gain
by the ground due to this cause represents a seepage loss for each mile
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of the river of 6.4 cubic feet of water per second. It can readily be
seen, therefore, that the rainfall contributed a much greater volume of
water to the underflow than was contributed by the flood in the river.

The average rise of the ground water during the night of June 21
was such that it would require a rainfall, without run-off, of 2.2 inches
to fully account for it. The rainfall recorded at Garden for the night
of June 21 was 0.94 inch. The difference between the measured rise of
the ground water and the rainfall is explained by the fact that there is
almost no run-oft from the level lands of the river valley, so that nearly
all of the drainage is underground by means of the deposits of sands
and gravels. The seepage of this drainage is in part toward the low-
water plane along and near the river channel. At such a place the
amount of rise in the ground water would naturally be higher than
could be accounted for by the localized rainfall.

After the high water of June 22 the river gradually fell until, on
the morning of June 27, it had reached an elevation of 2,835.9 feet,
which was 0.1 foot lower than its elevation on the morning of June 22.
The water in the test wells gradually fell during the same period, the
corresponding loss of ground water being given in Table 8 as a con-
tinuous flow of water expressed in cubic feet per second for 1 mile of
river valley. By the morning of June 27 nearly all of the water con-
tributed to the sands of the valley by the rain of June 21 and the flood
of June 22 had disappeared. The gain and loss can be expressed as
follows, in the form of a balance sheet:

TaBLE 8.—Loss and gain of ground water per mile of river valley, 1904.

L—FROM RIVER TO WELL NO. 1, 1,070 FEET NORTH OF RIVER, GARDEN, KANS.

Gain in
ground
. water per
Time., mile of Remarks.
river val-
ley.
Sec. feet.
June 18,6 p. m,, toJune 21, 6 p. M.......oevn..... — 0.93 | No changein elevation of river water,
and only slight change in elevation
of water in well No. 1 until June 22.
June 21, 6 p. m.,toJune 22, 6 a. m................. 23.8 | Due to rainfall of 0.94 inch.
June 22, 6 a. m., to June 22, 6 p. m. 7.3 | Due torise in river.
June 22, 6 p. m,, toJune 23, 6 a. m................. T — 5.4
June 23,6 a. m., toJune 24, 6a. M............o.... — 3.1
June 24, 6 a. m., to June 27, 6a. m. ceeas — 2.7
July 3,6 p.m.,toJuly7,6a. m..........o.oeian.a. 2.3 | Due to rain. No change in elevation
of river water.
July7,6a.m., toJuly8,6a. m..........o.oo...noe 22,4 | Due to rain night of July 7. No
change in elevation of river water.
July 8, 6a.m,, toJuly9,6a. m.................... —14.6 | Rate of loss during 24 hours after pre-
cipitation of 1.2 inches of night of
July 7.

July 9,6a.m., toJulyll,6a. m................... — 1.0
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TaBLE 8.—Loss and gain of ground water per mile of viver valley, 1904—Continued.

II.~FROM RIVER TO WELL NO. 2, 900 FEET NORTH OF RIVER, SHERLOCK, KANS.

Gain in
ground
Time. Wgﬁg g?r Remarks.
river val-
ley.

Sec. feet.
July 15, 9 a. m., to July 20, 7.30 &. m - ..cnnennnn... — 2.0
July 20, 7.30 a. m., to July 25, 6 8. ™ .o coveienann..n - 10
July 27, 11a, m., toJuly 27, 1p.m................. 54.0
July 27,1 p.m., to July 27,3 p. Mleeernnrncnneannn. 7.0
July 27,3 p.m., toJuly 27, 5p. m....ooooeiil..on 65.0
July 27,5 p.m., toJuly 27, 7p.m.......ooililtt 37.0
July 27, 7p. m., toJuly 28,6 a. m_..._._........... 1.5
July 28,6 a. m.,to August 3, 6a.m ... ... - 1.8

IIL—-FROM RIVER TO WELL NO. 5, 550 FEET SOUTH OF RIVER, SHERLOCK, KANS.

July 18, 7a. m., to July 20, 7a. m..._......_....... - 1.3
July 20, 7a. m., toJuly 25, 7p. M. coenranennnnn-. | — .54
July 25, 7p.m., to July 27, 1la. m........o.cae..e. | - .20
July 27,11 a. m,, toJuly27,1p.m................. 63.8
July 27, 1p. m., toJuly 27, 3 p. M.c.oooviemnnnan..n 28.9
July 27,3p. m., toJuly 27, 5 p. Meeeeiieennannaan 13.4
July 27,5 p. m., toJuly 27, 7p.m.... 1.34
July 27, 7 p. m., to July 29, 8a. m.... — .22
July 29, 8a. m., to August 1, §a. M .......ocoo..... — .92

IV.—FROM WELL NO. 5 TO WELL NO. 6, 2,500 FEET S8OUTH OF RIVER, SHERLOCK, KANS.

July 18, 7 a. m., to July 20, 12m.. — 2.6 [
July 20, 12 m., to July 25, 8a.m...ccevneinl .. — 1.5
July 25, 8 a. m., to August I, 8a. m................ - .5 l

V.—FROM RIVER TO WELL NO. 2, 1,730 FEET SOUTH OF RIVER, DEERFIELD, KANS.

August 4, 9a. m., to August 9.a.m.. ... ......... i — 0.51 |
August 6,9 a. m., to August 8, 7.80a. M............ ' 5.26
August 8, 7.30 a, m., to August 9, 9a. m............ | 1.82
August 9, 9 a. m., to August 10, 7.80 a.m........... ‘ — .61 {

Summary of loss and gain of ground water per mile of river valley.

Cubic feet. ?ecéf'
GAIN. :
Rain of night of June 21. From 6 p. m., June 21, to 6 a. m., June 22, 12 hours,
at 23.8 cubic feet persecond .. ... iiiieiiaiiaas 1,030, 000 23.6
Flood of afternoon of June 22. From 6 a. m., June 22, to 6 p. m.,June 22, 12
hours, at 7.8 cubie feet persecond. ... ... 315, 000 7.2
43 7 35 1 4 R 1, 345,000 30.8
LOSS,
6 p. m., June 22, to 6 a. m., June 23, 12 hours, at 5.4 cubic feet per second....... 233, 000 5.4
6 a. m., June 23, to 6 a. m., June 24, 24 hours, at 8.1 cubic feet per second....... 268, 000 6.1
6 a. m., June 24, to 6 a. m., June 27, 72 hours, at 2.7 cubic feet per second....... 700, 000 16.1
BT X B e 1,201,000 | 27.6
B A § o U U 144, 000 3.2
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In PL 1 there is shown a view of a model designed to illustrate
the changes in ground-water levels which have just been discussed.
This model shows, by cardboard cross sections, the level of the water
in Arkansas River and in three wells north of the river on various
dates in June and July, 1904. These are the same wells and the same
data given in Table 8 and represented graphically in fig. 10. The

- height of the river is represented at the left end of each cardboard
section and the position of the surface of the ground water in the three
wells appears at the appropriate distances to the right, the wells being
indicated by vertical lines and by the right end of the card. The well
represented by the right end of each cardboard section is located about
2,500 feet north of the north bank of the river.

The surface of the ground water is represented in the model by the
straight lines forming the top of each piece of cardboard. Of course
the actual surface did not consist of a broken line, as shown, but of a
curved line passing smoothly through the angles of the broken line.
The representation of the ground-water surface as straight lines
between the various wells introduces no substantial error in the
results, and it illustrates the characteristic changes with ‘creater fidel-
ity than curved lines, whose forms, in any case, could be known only
approximately.

It can readily be observed from this diagram that the river and
water plane remained substantially stationary from June 18 to June 21.
The influence of the heavy rain.of the night of June 21 is shown on
the third cardboard section by the more elevated water plane of the
next morning, the river remaining stationary during this interval.
The fourth cardboard cross section (6 p. m., June 22) shows the river
flood, which began at 3 p. m. June 22. This cross section shows that the
water plane sank, notwithstanding this heavy flood, except at the well
nearest the river. The river gradually fell, the water plane also fall-
ing at the same time. The model shows the water plane at its lowest
observed position on July 3. The section shown in the model for
July 7 Hllustrates the influence of the rains falling from July 8 to
July 7in raising the water plane. The greatest rise in the water plane
observed at any time is shown-in the model by the third section from
the end, that corresponding to the morning of July 8. This rise was
due to a rain of more than 1 inch on the night before. As in the pre-
vious instances, the water plane rapidly fell away after the rise. It
is important to bear in mind that the height of the river remained
almost constant from July 8 to 9.

These same changes are also shown in fig. 10, where a curve is given
for the changing height of water in each well and the river. - In using
this diagram or the table it is important to know that it is usually
necessary to compare evening observations with evening observations,
and not with morning observations. Owing to changes in tempera-
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ture and barometer there are diurnal periodic changes in the position
of the water plane, and these fluctuations are such that it is always
more satisfactory to compare observations taken at corresponding
times of the day, unless the intermediate changes are very violent.
The morning level of the ground water is normally higher than the
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F16. 11.—Curves of-barometric pressure and height of water plane, showing correspondence between
the fluctuations of the barometer and the water plane as observed on several dates at Sherlock,
Kans. The dotted lines give the diurnal variations in the barometric pressure; the full lines
show the elevations of the water in test well No. 1.

evening level, the fluctuations in the wells discussed above being indi-
cated very clearly by some of the lines in fig. 10, especially those show-
ing the June fluctuations in test wells Nos. 1, 2, and 3.

Some results showing the correspondence between the barometric
pressure and the ground-water elevation were sought for at camp 1,

IRR 153—06——3
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near Sherlock, Kans. The data obtained are depicted graphically in
fig. 11. The results were not what were expected, as the influence
of the barometric pressure should be to raise the ground water as the
barometer falls.? This indicates that the low position of the ground
water in the afternoon of each day is probably a temperature effect,
due to the decrease in the capillarity of the water with the tempera-
ture. The ground water at test well No. 1, Sherlock, and in test wells
Nos. 1, 2, and 3, Garden, was within 3 feet of the surface of the
ground and the difference in temperature of day and night was very
great,

In ﬁg 10 the level of water in the Richter well, 2,500 feet north of
the river, is compared for a period of about thirty days with the ele-
vation of the water in Arkansas River. The total variation of the
water plane, as shown by the levels observed in the well twice daily
during the thirty-day interval, did not exceed 2 inches. This shows
that the influence of the river upon the ground water dies out to prac-
tically nothing in a distance of one-half mile. The influence of the
rainfall upon the water in the well is traceable by a comparison of the
rainfall record and the well curve, but it is uncertain whether any
connection can be detected between the elevation of the river and the
well curve. The influence of occasional pumping upon the ground-
water level is quite pronounced.

The observations given above indicate the following conclusions:

1. The level of the ground water shows a marked tendency to remain
at a level lower than the channel of the river at a point about one-
fourth mile north of the river channel.

2. The elevation of the water plane is very sensitive to the amount
of rainfall, the rise in the water plane (due to a rain) in the first bot-
toms being greater than can be accounted for by the localized pre-
cipitation. . :

3. High water in the river has much less effect upon the level of the
ground water than the rainfall, its influence being confined to a dis-
tance of a few hundred feet from the river channel.

4. The water plane falls at a very rapid rate after its elevation has
been increased by rainfall or by a flood in the river.

5. The fact that the water plane lies for a considerable distance at a
level lower than the river channel, even when there is water in the
river for an extended length of time, and the rapid way in which the
ground water sinks after its rise due to heavy rain, establishes the fact
that the underground drainage through the sands and gravels beneath
the river valley is more than sufficient to carry off all of the ramfall
without run-off into the river channel.

aSlichter, C. S., Motlonsof undergroundwaters Ws,ter -Sup. and Irr. Paper No. 67, U. 8. Geol. Survey,
1902, p. 73.
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FLUCTUATION OF GROUND-WATER LEVEL AT SHERLOCK, KANS.

Observations of changes of level of ground water near Sherlock,
Kans., were made during the period extending from July 15 to August .
3,1904. For this purpose a number of test wells were driven, the
location of which is shown in fig. 4. Of these test wells, No. 2 was
900 feet and No. 3 was 400 feet north of the river; No. 5 was 550
feet and No. 6 was 2,500 feet south of the river. The complete record
of observations taken in the field is given in Table 9. The principal
results presented by this table are shown graphically in fig. 12. As
shown by this diagram, Arkansas River gradually fell from July 15
until July 27. At this time the water in the river had reached a very
low stage, the flowing water occupying a width in the channel of
about a rod and a depth of about 6 inches. ‘
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During this same period of fall in the river there was no rainfall

except on July 22 and a very light rain on July 25.

The rain of July
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22 was measured at Garden by the volunteer observer of the United

States Weather Bureau as 1.42 inches, but the rainfall at Sherlock

During this period of fall of level of the water

was very much less.
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in the river the test wells north of the river fell at corresponding
rates. The total fall in the river amounted to 0.95 of a foot; the fall
in test well No. 8, 400 feet north of the river, during the same period
was 0.9 of a foot; in test well No. 2, 900 feet north of the river, 0.77
of a foot; in test well No. 5, 550 feet south of the river, 0.5 of a foot;
and in test well No. 6, 2,500 feet south of the river, 0.3 of a foot.
On July 27, between 11 a. m. and 5 p. m., the river rose 1.6 of a foot,
restoring the level of water in the river to the height of July 15 plus
0.6 of a foot. This sudden rise in the river was not accompanied by
rainfall in the neighborhood of Sherlock. Its influence upon the
various test wells is shown by fig: 12. The immediate effect upon test
wells Nos. 2and 3, north of the river, was very apparent. Between 11
a. m. and 7 p. m. test well No. 3,400 feet north of the river, rose 1.05
feet, and test well No. 2, 900 feet north of the river, rose 0.49 of a
foot. By the next morning at 6 a. m. the rivef had fallen 0.25 of a
foot; test well No. 8, 400 feet north of the river, had risen about 0.1
of a foot, and test well No. 2, 900 feet north of the river, had risen
0.23 of a foot. The river continued to fall very slowly, on the morn-
ing of July 29 having fallen only about one-half of 0.1 of a foot from
its elevation on July 28; the water in test wells Nos. 2 and 3 had
dropped about the same amount, and on August 1, at 8 a. m., when
the river had fallen 0.6 of a foot below its elevation of July 29, test
wells Nos. 3 and 2 had dropped 3.6 and 1.8 feet, respectively. During
this same period of time the water plane south of the river acted very
differently from that observed on the north side of theriver. The water
in test well No. 6, 2,500 feet south of the river, fell continuously from
July 18 to August 1, notwithstanding the flood of July 27; and that
in test well No. 5, 550 feet south of the river, fell from July 18 until
July 27, the total fall amounting to 0.47 of a foot. No observation
was made at this test well on July 28, but by the morning of July 29
the water had risen 0.45 of a foot. On August 1 it had fallen 0.2 of a
foot below its level on the morning of July 29, in sympathy with the
general fall of the water in the river. It can be seen from this that
the elevation of the water in the various test wells showed all varieties
of change during the flood in the river. The wells within 900 feet of
the river fluctuated quite accurately with the changing level in the
river itself, while the water in the test well one-half mile from the
river seemed to show no effect of the flood in the river during the
period of observation.

In explanation of the gradual fall in the test wells from July 18 to
July 27, it must be remembered that the position of the water, as
found on July 18, was high on account of the heavy rains which fell
during the first twelve days of July. From July 4 to July 13, inclu-
sive, 3.27 inches of rain were caught at the rain gage at Garden, Kans.;
the rainfall at Sherlock, Kans., was probably as great, so it is very
likely that the level of the water found in the test wells on July 15
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and 18 was high owing to the previous rains. In fig. 13 the results’
of the flood of July 27 are shown in greater detail than in the previous
diagram.

A photograph of a cardboard model showing the changing positions
of the water plane at Sherlock is reproduced in Pls. 11 and I1I. The
top of each cardboard corresponds to a cross section of the water plane
taken across the valley on a certain date, the right side of each card
corresponding with the north side of the valley, the left side corre-
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Fi¢. 18.—Elevation of water in Arkansas River and in two test wells near Sherlock, Kans., for various
hours during the flood of July 27, 1904, The vanishing influence of the flood with increasing

_ distance from the river is clearly bronght out by the diagram. Test well No. 2 is 900 feet north
of north bank of river; test well No. 3 is 400 feet north of north bank of river.

sponding with the south side of the valley. The location of each test
well is shown by a vertical line, and the position of the channel of the
Arkansas is indicated by the level segment of each card near the mid-
dle of each section. The model shows to the eye the way in which
the river and the water in all of the test wells gradually fell from July
13 to July 27, and it also illustrates the influence of the flood of July
27 upon the wells near the river. It also shows that the level of water
in well No. 6, one-half mile south of the river, was not influenced by
the flood in the river, but continued to fall during the entire period.
The decreasing influence of the river on the water plane with the dis-
tance from the river is brought out clearly by the diagram (fig. 13).

It is apparent from this model, as well as from the one shown for
camp 1, that there is a marked tendency for the ground water near
the river, especially on the north side, to remain at a lower level than
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the water in the river itself. At the time the data presented by the
model were obtained, there had been water in the river for six or seven
weeks and the amount of rainfall had been above the average. These
facts indicate that the underground drainage through the sands and
gravels is more than suflicient to drain off the precipitation, without
return seepage into surface streams and without run-off from the sur-
face of the ground. -

The various amounts of ground water gained or lost by each mile
of the valley along the river at Sherlock from July 15 to August 1,
1904, is expressed in Sections 11, ITL, and IV of Table 8 (p. 81). For the
purpose of making the results as definite as possible the gain or loss
for each mile of valley is given as a continuous flow of water expressed
in cubic feet per second. Thus, according to the table, the strip of
ground between the river bank and test well No. 2, 900 feet north of
the river, extending along the stream for a distance of a mile, lost
water from July 15 to to July 20 at a rate equivalent to a steady flow
of water equal to 2 cubic feet per second. During the flood on July
27 this same strip of country absorbed water from the river during
the first two hours of flood at the rate.of 54 cubic feet per second.
The rate of gain during the three following periods of two hours each
was 72, 65, and 32.4 second-feet, respectively. During the eleven
hours from 7 p. m., July 27, to 6 a. m., July 28, the rate of gain fell
to 1.5 second-feet, after which the ground lost water. These results,
and similar results for the south side of the river, are given in the
table. Putting all of these results together we can compute the
amount of water furnished to the sands by the flood in the river as
follows, the computation applying to 1 mile of the river valley only:

Water furnished to sands near Sherlock, Kans., by flood of Arkansas River.

North of river: . Cubic feet.
July 27, 11 a. m. to 1 p. m., 2 hours, at 54 cubic feet per second ... 389, 000
July 27, 1 p. m. to 3 p. m., 2 hours, at 72 cubic feet per second - - .. 525, 000
July 27, 3 p. m. to 5 p. m., 2 hours, at 65 cubic feet per second. ... 467, 000
July 27, 5 p. m. to 7 p. m., 2 hours, at 32.4 cubic feet per second .. 234, 000
July 27, 7 p. m. to 6 a. m. July 28, 11 hours, at 1.5 cubic feet per

Second . L cmeeeaoan 59, 500
Total gain .. ... e eeen « 1,674, 500
South of river:
July 27, 11 a. m. to 1 p. m., 2 hours, at 63.8 ¢ bic feet per second . 459, 000
July 27, 1 p. m. to 3 p. ., 2 hours, at 28.9 cubic feet per second .. 208, 000
July 27, 3 p. m. to 5 p. m., 2 hours, at 13.4 cubic feet per second .. 96, 500
July 27, 5 p. m. to 7 p. m., 2 hours, at 1.34 cubic feet per second .. 9, 650
Total gain . ... eaeaaaas 773,150
July 27, 7 p. m. to 8 a. m. July 28, loss at 0.22 cubic foot per second. 10, 296
Net gain. ..o iiiiaeas b762, 854
Total gain both sides of river.... ... . ... . ... ... ...... e 2,437, 354

a Equals 38.4 acre-feet. b Equals 17,6 acre-feet. « Equals 66 acre-feet.
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The gain of 56 acre-feet took place on land having an area of 175
acres.

The above results show the gain between test well No. 2, 900 feet
north of the river, and test well No. 5, 550 feet south of the river.
There was some gain in ground water in the lands north and south of
these boundaries, but the data are not at hand for the computation.
The susceptibility of the adjoining lands in receiving seepage water
from the river was greater on the north side than on the south side of
the river.

FLUCTUATION OF GROUND-WATER LEVEL AT DEERFIELD,
KANS.

Observation of the ground-water level was made at camp 38, near
Deerfield, in three test wells. The location of these test wells appears
on the map, fig. 6. The water in the river occupied but a small part
of the river channel during most of the time during which these obser-
vations were made, and therefore the distances of the test wells from
the edge of the flowing water are given in fig. 19, in preference to the
distances from the river bank. Test well No. 1 was 1,100 feet, and
well No. 2, 1,730 feet south of water in the river. Test well Ne. 8
was 1,100 feet south of the river, but 1,000 feet upstream from test
well No. 2.

TaBLE 10.—Elevation of water in river and test wells at Deerfield, Kans.

! Hy- Hy- .
draulic draulic dr%ﬁli o
Elevation e%l;adle'r Elevation e%?d'e'r Elevation | gradi-
of waterin milg of waterin milg of water in |ent, per| Elevation
Date. Time. well No. 1, from well No. 2, from well No.3, [ mile, |of waterin
1,100 feet 11 1,730 feet well 1,100 feet | from | river.
from river.| WS |from river., wo', |from river.| river
No.1 No. 2 to well
to well towell| - No. 3
No. 2. No. 3. et
1904. Feet. Feet. Feet. Feet. Feet. Feet. Feet.
August4..... 9a.m........ 2,923.02 0.25 2,922, 99 8.7 2,924.57 | —1.10 2,924 80
Augustb.....j..... do ....... 2,923.14 .17 2,923.12 9.0 2,924.75
August6.....|..... do ....... 2,923.21 50 2,923.27 8.8 2,924.87
August8..... 7.30a.m..... 2,923.23 .50 2,923.29 8.4 2,924.82
Do....... 10a.m....... 2,923.23 34 2,923.27 8.5 2,924.83
Do....... 2m.......... 2,923.23 42 2,923.28 8.5 2,924.83
Do....... 430p.m..... 2,923.23 .25 | 2,928.26 87| 2,924.8¢
August9..... 98, M........ 2,923.27 .17 2,923.29 8.8 2,924.89
Do.... .. 230p. m..... 2,923.29 .08 2,923.28 |ociiiais| cneemnennns
August10....| 7.30a. m..... 2,923.32 .00 2,923, 32 8.7 2,924, 91

The chart given in fig. 14 shows that a flood on August 7 in the
river had no influence upon the water level in any of the wells,
although frequent observations were made to detect such influence.
The diagram likewise shows the effect of the rain in raising the ground
water as shown by all of the wells from August 4 to August 7. Dur-
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ing this same interval the river was falling, while the ground water
was rising. The rainfall was measured at camp by catching rain in
a tin bucket and correcting for difference in area between top and bot-
tom of bucket. The observed rainfall on August 4+ and August 5
amounted to about 1.75 inches. The water in the various test wells
rose by the following amounts between August 4 and August 6: Test
well No. 1, 0.17 foot, or 2.02 inches; test well No. 2, 0:29 foot, or 3.48
inches; and test well No. 3, 0.30 foot, or 3.60 inches. If we assume
that the soil had a porosity of 33% per cent, these observed changes
in the level of the water plane are equivalent to actual increments of
0.7, 1.16, and 1.2 inches, respectively. These amounts will average

-
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Fi6. 14.—Elevation of water in Arkansas River and test wells at Deerfield, Kans., August 4 to 14,
1904. Test well No. 1 i 1,100 feet south of stream. Test well No. 2 is 1,730 feet south of stream.
Test well No. 3 is 1,100 feet from stream and 1,000 feet from test well No. 2.

almost exactly 60 per cent of the rainfall for the two days, August 4
and August 5, 1904. This result gives very direct proof of the excel-
lent quality of the catchmentarea furnished by the sandy bottom lands
on the south side of the river at Deerfield.

EVAPORATION EXPERIMENTS NEAR DEERFIELD.

The table of meteorological data below has value in showing that a
considerable amount of stored ground wateris lost in the first bottoms
of Arkansas River by evaporation. Although these measurements
extend over only a very brief period, they are sufficient to establish
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the fact that the loss of ground water by evaporation is about ten
times as great where the water is within 1 foot of the surface of the
ground as it is where the water lies at a depth of 3 feet. The pump-
ing plants that materially lower the ground water in the bottom lands
will thus save a considerable amount of water that now goes to waste
in evaporation and in supplying the rank growth of wild grasses that
flourish in the first bottom lands. It is safe to say that this savable
loss amounts on the average to a foot of water for each acre of first
bottoms for the months of July and August alone.

The following is a record of observations of evaporation from three
tanks filled with natural soil in which the water plane was kept at a
constant depth, compared with the evaporation from a tank of open
water. The tanks were located in the bottom lands of Arkansas
Valley, near the head gates of the Farmers’ ditch. The soil is a sandy
loam changing to coarse sand at a depth of about 3 feet.

Meteorological records at Deerfield, Kans., from July 8 to September 8, 1905.

*

Evaporation in inches,
. [ Rain- | Vapor Perocf.ent Veloaity 1100t to | 1 foot to
Week of— fgélhg;' gfﬁ%‘. rﬁ{ﬁgﬂﬁ in Open ws%ti?r : W:Cfﬁr' 2 feet to|3 feet to
ity. miles.  water.| ... | uneuly- | Water. | water.
! vated. | vated.
July 3-9a........... (U2 8 25 PR T O PR P P 0.13
July 9-16 .......... 0.0 . 440 47.3 15.89 0.13
July 16-23 .......... 0.08 . 482 50.2 16.13 0.23
July 23-30 .......... 1.24 . 560 61.2 19.78 1.40
July 80-Aug. 6...... 1.50 . 568 63.9 12,05 0.05
Aug. 6-13........... 0.38 .478 54.8 13.62 0.43
Aug. 13-20... ..l 0.05] .b30 57.8 13.26 0.17
Aug. 20-27 .......... ‘ 0.0 .520 49.3 19.58 0.08
Aug. 27-Sept. 3.....] 0,08 | .39 a4 | 17.19 0.12
Sept.3-8a .......... { 0.71 .489 60. 4 14.54 0.04

a Week incomplete.



CHAPTER IIL

CHEMICAL COMPOSITION OF THE WATERS
UNDERFLOW.

OF THE

Chemical tests of the ground waters were made wherever possible
during the process of the work. Portable £cld apparatus was at hand
which could be used in making a few simple tests. The determina-
tions made included titrations for chlorine, alkalinity, and hardness.
Total solids were determined by means of the Whitney electrolytic
bridge. The curve of total solids used in this case was obtained by
evaporating a sample of water containing 95.9 parts per 100,000 total
solids. The results of the test are brought together in Table 11, and
the curve used for the determination of the total solids is printed as

fig. 15 (p. 47).

TaBLE 11.—Analyses of ground water in the Arkansas Valley, western Kansas.

WEST OF GARDEN, KANS.

chlorine | “Hane | of rgs. | Total
Date. (par%;l]?eg' ég(}%)z “ness | solids | Temper- |D ept{]} of Location,
100,000). [(parts per|(parts pe (fgg B%Op)e v ature. | well. :
100,000). | 100,000). 0
1904. oF. Feet.
June 16........ 4.61 14.0 21.35 |. 0% PR P vevee...| River water.
June 20....coefeiiiiiii e e 700 [oeeienn... Do.
June 28........ 5,381 3.0 30.9 93 67.0 ..ol Do.
July 11 ........ 5.85 13.75 49.1 105 88.0 [.eeenannn. Do.
July 6 ......... 21.79 22,9 25.3 49 55.0 10 | Windmill south of river.
July 5 ... 8.10 16.5 Jieceennann 33 58.0 9 | Station 12.
June 28 8.51 19.0 34.7 119 48.0 28 | Station 8.
Do. 11.00 22.0 37.6 127 51.0 17 | Station 10,
June 21.. 8.51 17.0 33.9 113 58.5 17 | Station 4.
June 20........ . .o.oooL 24.5 38,65 |.oeoiiiinfiaaaaaas 15 | Station 2.
Do......... 6.72 15.0 43.20 |...oaeaen. 52,0 15 | Station 1.
June 18........ 4.96 20.0 LU ¥ I R DA 32 | Station 3,
July 8 ......... 6.00 16.1 39.5 121 52,0 32 | Station 6, well A,
Do......... 3.05 11.4 13.9 37 52,0 58 Do.
July 9 .. 2,70 12.9 21.6 32 55.0 48 | Station 6, well B.
Do. 1.67 11.9 14.6 36 53.0 56 Do.
July 6 4.59 14.7 33.5 106 55.0 30 | Station 11.
Do......... 5.42|  20.4 38.8 114 52.0 16 | Mrs. Richter's well at
camp.
June 15........ 13.50 23.0 55 7% T AR P 5 Do.
June 16........ 12.80 19.5 LY/ N PR P 5 Do.
Do......... 9. 60 22.0 Lt ) R P 3-4 | Test well No. 1.
June 20.. 21.30 20.5 48.0 .......... 59.0 34 Do.
Do.-.. 6.72 17.5 36.0 |.......... 62.5 3-4 | Test well No. 3.
June 23.. 13.12 24.0 39.1 121 60.0 3-4 Do.
June 28... 11.00 20.0 39.5 126 52.0 12 | New well (camp).
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TABLE 11.—Analyses of ground water in the Arkansas Valley, western Kansas—Cont’d.

WEST OF GARDEN, KANS,—Continued.

Chlorine Ailtk&{ain: % Fare. | Total )
Date. (par%s per Ca),r()oss  pess (p?a.orlfisdger Tglt?f;gf' D‘;?:H.OI Location.
100,000). ({mrts ger ({J&n&ger 100,000).
: 000). | 1%
1904. : OF. Feel.
June 16.... 8.¢8 19.5 39.9 New well (camp).
Do.. . 10.62 22,5 43.7 Station 1.
July 7 ... .78 13.1 10.7 Sand hills, sec. 36, T.24
S., R.34W.
Do......... .67 13.6 11.2 6 57,0 |oeeenano. Do.
September 22 2.06 19.9 25.6 F 1 16 | Sec. 2, T. 23S, R.33 W.
1905.
January 24 .... 4.2 19.2 53.3 86 leeeeannnn 26 | Poor farm.
2.1 11.4 31.1 B7 |eveinnnnnn 20 | Shultz.
5.1 18.0 82.0 L : I 40 | L. C. Working.
4.1 20.5 31.2 102 |..oee.o.ns 36 | A. Robinson.
3.4 18.1 27.9 68 [ceveneannn a13 | Foreman.
11.4 19.2 39.3 T6 |ovvearanan 115 | Faye.
17.6 22.7 45.9 160 | ..aeeen. 35 | M. McClurken,
1.2 18.5 21.3 26 [oeeiiennn . a30 | Frank Kolbus.
GARDEN, KANS.
1904.
September 22 .. 0.92 14.1 25,6 16 |cieennas . 130 | Atchison, Topeka and
Santa Fe R. R. well,
Do...uenn.n .85 16.9 30.0 0 (2 P, 110 | Carter’s well.
Do......... 3.96 | 20.3 69.2 80  |eeceeienen 16440 | City waterworks well.
1905. -~
Janvary 24 .... 1.6 | 18.8 29.5 42 fiieeeea. . 78’ 8. L. Leonard.
SHERLOCK, KANS.
1904.
July16....... . 4.04 13.20 27.70 73.0 710 [eo.e..- .--| River water.
July22......... 3.85 13.90 37.90 74.0 73.0 |ooennen e Do.
.89 21.20 13.09 27.0 63.0 8 | Test well No, 6.
.50 17.50 4.64 30.0 58.5 18 | Station 16.
.58 21.50 2.38 56.0 60.0 8 | Test well No. 4.
1.10 17.85 26.20 42.0 56.0 26 | Station 20.
3.62 16.75 27.30 35.0 57.0 22 | Station 15,
2.46 21.30 28.10 556.0 56,2 36 | Station 17.
4.61 19.45 44.70 83.0 65.0 10 | Near station 17,
4.58 15. 90 40. 60 80.0 56.0 22 | Station 18.
4.06 15.90 42,90 78.0 57.0 14 Do.
5.20 17.45 46.30 104.0 53.0 20 | Station 19.
3.47 14.65 30.00 93.0 57.7 18 | Station 14.
5.10 16.76 31.10 97.0 55.0 22 Do.
5.18 15,50 |.eennennns 107.0 54.0 18 | Station 13,
4.97 15.26 48.5 96.0 55.5 28 | Station 21.
4.90 16.26 50.6 97.0 57.6 28 | Station 22.
.96 16.85 20.0 b TR P Sec.30,T.24'S.,,R.3¢ W.
17 19.00 25.9 87.0 oo eieeeenns Sec.20,T.24 S.,R.34 W.
September 22.. 2.24 21.30 29.9 44.0 Jooiinann. 40 | Sec.30,T.228,R.83 W.

a To water.
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TasLe 11.—Analyses of ground water in the Arkansas Valley, western Kansas—Cont’d.

DEERFIELD, KANS.

chlorine| “ltias | of eara | Total
orine| ity as |of hard-
Date. (partsper| CaCO; | ness zt;ltisdser T:anl;r)gr- Dev%]l} of Location.
100,000). | (parts per|(parts per (})00 008) : g
100,000). | 100,000). |+
1904. oF. Feet.
September 22.. 1.49 15.1 31.2 22,0 [ 66,0 10 | NE. %}&ge‘}‘v sec. 26, T. 24
., R. .
August6....... 2.60 14.7 28.9 49.0 ... ...... 24| aw. quarter sec. 24, .24
S, R.3BW,
August10...... 2.45 17.7 32.7 74.0 60.0 2 | Near station 28,
August9....... 5,00 15.7 51.2 95.0 56.0 24 | Station 27.
August4....... 7.60 16.2 55.2 uzo 59.5 12 | Well at camp.
Do...... - 6.64 15.3 57.0 114.0 58.0 25 | Station 23.
August8....... 511 16.0 48.4 90.0 57.0 37 | Station 26.
August 4. 8.61 17.7 65.9 117.0 59.5 6 | Test well No.1.
August 5. - 5,82 15.5 4.4 108.0 59,0 21 | Station 24,
August6....... 5.39 16.7 48.3 106.0 57.0 16 | Station 16.
0
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Fie. 15.—Curve for Whitney electrolytic bridge used in converting resistance in ohms into total
solids for ground waters of Arkansas Valley.

A comparison of the results of the tests at various stations shows a
marked decrease in the quantity of dissolved solids in the water with
the depth at which the sample was taken. In forcing down.test wells
at almost any point in the bottom lands of Arkansas River the increas-
ing softness of the water can be noted almost from foot to foot. Ata
considerable depth, say from: 60 to 100 feet or more, there are found
waters which are popularly called in this region *‘second” or * third”
waters, which are very much softer than the water obtained from
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shallow wells. At points located in the sand hills south of the river
there are places where shallow wells furnish water much softer than
the so-called second or third waters found in the vicinity of Garden.

The total solids in the ground water determined at wells in the first
camp, 2 miles west of Garden, varied from 121 parts per 100,000 for
water taken 4 feet below the water plane to 103 parts per 100,000 for
water taken at 6 feet, and 80 parts per 100,000 for water taken at 14
feet. Water taken from the railroad well, 130 feet deep, at Garden,
showed total solids of 16 parts per 100,000. Water in the sand hills
south of the river at a depth of 9 feet showed 33 parts per 100,000
total solids, and another well, deeper, but of unknown depth, showed
6 parts per 100,000 total solids. The tendency of the ground water
near the surface in the bottom lands of the river to run high in solids
seems to indicate that this increased hardness is due to the loss of the
ground water by evaporation. The water plane in these bottom lands
lies close to the surface of the ground and is subject to frequent fluc-

tuations due to rain and changes of conditions in the river itself.
These changes are suflicient to account for a large excess of dissolved
solids in the surface waters, and it is believed that no other explana-
tion is necessary. As the ground water moves downstream, the vari-
ous filaments of moving water must thread themselves around the
grains of sand and gravel, continually dividing and subdividing the
water as it moves through the capillary pores. The effect of this action
is to slowly work the concentrated water near the surface down to
greater depths, forming a ground water of graduated strength.
Every layer of silt, clay, or other impervious material which possesses
a considerable area acts as a partition, separating the moving ground
water into layers which do not mix, except where the impervious
strata give out. This results in layers of water of distinct difference
in total solids, which are locally known as ‘‘first,” ‘‘second,” and
*third” water, etc.

In the followmg table (Table 12) the various samples of ground
water are classified by depth of the wells, and the averages of the dif-
ferent determinations are tabulated. From this arrangement a com-
parison is possible between the waters of different depths, in which
the errors due to special peculiarities of particular wells are partly
eliminated. Some of the well water taken from stock or domestic
wells showed marked pollution, but all such samples have been
included in the table.



CHEMICAL COMPOSITION OF THE WATERS. 49

TasLE 12.—Quality of ground water in Arkansas River Valley, as determined from the
averages of classified samples.

Classification. (¥arts POr | (1orts psé ness | ot per, tulr)e.
00,000). | *300,000). (190%‘33&9’ 100,000).

Wells under 10 feet deep: °F.
Average of 11 samples . 10.82 20.84 38.53 75.80 60. 50
Probable error 1.45 434 3.76 10.47 .'735
Error....c.oao.o. . 14.05 2.08 9.7 13.83 1.21

Wells 10 to 20 feet deep:

Average of 18samples...................... ki 18.55 40.13 96.73 56.15
Probable erTor. ... covevveuieeeniriinnenans .829 .520 1.321 4.87 . 795
) 9 (o) N per cent.. i 10. 66 2.80 3.30 5.04 1.42

Wells 20 to 30 feet deep:

Average of 14 samples..........ooiuns P 4.96 16.28 40,95 91.00 55. 50
Probable error .335 .251 1.989 5,162 552
B35 (o) R, . 6.76 1.54 4.85 5.68 . 995

Wells 30 to 40 feet deep:

Average of 10 samples....o...coo.iiiiiaiae 4.62 17.62 38,00 92.75 55,05
Probable error........coiiiiil cuiinaaianan . 397 .862 2.312 9.5 .74
01 6 (1) R R per cent.. 8. 60 4.89 6.08 10.23 1.34
Wells 40 to 70 feet deep: -
Average of 6 samples ... ... ... ..ciiiiien 2.47 12.07 16.70 35.00 53.33
Probable error .28 .298 1.6569 1.031 . 596
B3¢ 03 R . 11.33 2.47 9.93 2.95 1.12
Wells over 70 feet deep: ‘
Average of 4 samples 1.12 16.27 28.87 |. 24.67
Probable error.......... .160 .924 .939 5.854 |.
i B 07 ¢ (o) SN per cent.. 14,29 5.67 3.31 23.7

Sand hills wells: ’

Averageof 9samples....ooviciieinnnnaannn. 1.24 16.41 18.21 26. 86 61,25
Probable eIrror. .. cou i iveeiiaieiaaaaiaaaaa, .22 .587 2.32 4.05 1.07
P03 2 {03 R per cent.. 17.9 3.57 12,78 15.06 1.75

- The above table is not free from objection, since the waters of the
first bottoms, second bottoms, etc., have all been grouped together.
The water in the first bottoms is softer than that in the second bottoms,
owing to the ease with which both the rainfall and the softer water
from the river contribute to its supply. In Table 13 all wells north of
the river, less than 40 feet in depth, have been classified as first-bot-
tom, second-bottom, and upland wells, and the averages of the various
groups have been taken.

IBR 153—06——4
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TaBLE 13.—Quality of ground water in wells north of Arkansas River Valley and less than
40 feet in depth, as defermined from the averages of classified samples.

| Oblorine | AESAIEY Dete o Total
Classification. (I{g&ts OOC?)?I‘ (%{)}&) 3%’?’ (11)&!‘,t5 per (11)&%% g ;3.1'

First-bottom wells;

Average of 38 samples..........oooviiaaa... 6.86 18.18 42,81 93.75

Probable erTor..o..covee voviiiiiiiniieanan 447 . 309 1.672 3.318

05 3 (0 RN percent.. 6.52 L7 3.91 3.54
Second-bottom wells:

Average of 7samples................ IO 4.04 18,27 47.64 89.43

Probable €rror.......oooiiiiiiiiiiiiaiia .280 .81¢ 5.40 5.938

L35 {0 per cent.. 6.93 4.48 1.3 6.65
Upland wells:

Averageof 3samples............o...o... ... 1.83 19.90 76.80 35.0

Probable error. .......o...ooiiiiiiiiiiiaaoa. .216 .545 1.673 3.5

0% ¢ o) R per cent. . 11.8 2.74 . 2.18 10.0

Tempera-
ture.

°F.
56, 67
. 887
.683

aOne observation,



CHAPTER 1V. _ )
ORIGIN AND EXTENT OF THE UNDERFLOW.
ORIGIN. ‘

The investigations which have been explained in the preceding pages
of this report indicate that the water of the Arkansas underflow has
its main source in the rainfall upon the sand hills south of the river
and upon the bottom lands and uplands north of the river.

The average annual rainfall in the vicinity of Garden is about 20
inches. A very large portion of this passes into the level and porous
soil, so that the actual contribution to the underflow must be consid-
erable. As previously stated in this paper there is a ground water
district along the river that remains lower than the river, whether the
same be flowing or not, in which region the rise in the ground water
after a rain is more than can be accounted for by the localized pre-
cipitation. This fact indicates not only that the underground drain-
age at this point is contributed to by rainfall on distant catchment
areas, but that the underflow constitutes a separate drainage system
which is more than sufficient to take care of the rainfall. Determina-.
tions made in the sandy flats south of the river at Deerfield (see Chap.
IT) show that the rise in the water plane, observed after a rain
storm, amounts to as much as 60 per cent of the water that fell. This
fact verities what is quite obvious to a careful observer, that there is
no run-off from the lands adjacent to Arkansas River in the region
under discussion.

The total depths of the deposits of sand and gravels at Garden is
not known very exactly. A deep well was sunk at Garden in 1888,
which, according to a partial log printed in the local newspaper,
showed that rock was reached at a depth of 311 feet. Every indica-
tion drawn from the behavior of the ground water shows that the
gravels must extend to a considerable depth, so that it is safe to assume
that the well log just referred to gives a correct notion of the depth to
rock. However, as one approaches the western boundary of Kansas,
bed rock comes near the surface, which fact, even if no other evidence
were at hand, would show that no portion of the ground water could
originate in Colorado. The former popular belief in a Colorado source
of the ground water has practically disappeared, although a few settlers
still adhere to it. During the summer of 1904 one resident of Finney
County informed the writer that the water in his well was invariably
roily after a rain storm during the preceding night in Colorado. This
corresponds to nearly passenger-train speed for the flow ®f ground

51



52 UNDERFLOW IN ARKANSAS VALLEY, WESTERN KANSAS.

water. The story may be regarded as about the sole surviving ghost
of the numerous extravagant beliefs which were formerly current
among the settlers.

The region near Garden, Kans., is peculiarly the area properly
called the High Plains. The land is level and completely covered in
its natural condition with a short compact sod of buffalo grass. John-
son and other writers on this region have remarked the complete lack -
of run-off from this portion of the plains area. The precipitation
falls mostly during the summer months and is sufficient in amount to
maintain a luxuriant sod, which not only protects the soil against ero-
sion, but prevents, by the obstruction offered by the grass, the escape
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of the water in flowing torrents. In consequence the rainfall is com-
pletely taken care of by absorption into the ground and by evaporation

and use by the vegetation. Eastward from the High Plains region
* rainfall is greater, and the sod is not able to prevent the formation of
rills and eroded channels, so that much of the water runs off into sur-
face streams. Westward from the High Plains district, as Colorado is
approached, the rainfall decreases and in consequence vegetation
becomes so scant that it is not able to protect the surface of the
ground from erosion even from a diminished rainfall. Hence it is
that both to the east and west of the High Plains there is a marked
run-off, byt in the plains district proper the rains are disposed of by
absorption. '
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The above facts are well shown by the results previously discussed
in this paper. The summer of 1904 was one of unusually ample rain-
fall in the plains, and many floods came down the river. The river
was carefully watched by the field party and its elevation noted.
Figs. 16 and 17 show the elevation of the river at Sherlock and Deer-
field bridges, respectively, compared with the rainfall at Garden. A
similar diagram for camp 1, near Garden, is given'in fig. 10. A study
of these diagrams shows practically no influence of the rainfall upon

2926.0 :

3

- .

£

§ /Tﬁ

5 2925.0

3 \

%]

3

»

§ \_

N

™~

Yz924.0 ~1 N\

2924.5 3 € 7 & KA 7 My S+ Ry 7 R 7 7 A
v AUGUST" |
Inch
!
Al B J .
3 4+ 3 6 7 1 12 13 /4 75 16 17

[ E 70
L AUGUST \

F1e. 17.—Elevation of water surface of Arkansas River at Deerfield Bridge, compared with rainfall
record at Garden, Kans.

the stream. Many of these rains extended into Colorado, where they
were the cause of floods that showed themselves at the camps in
Kansas many hours after the rain. Thus we have ample evidence of
no run-off from the country between Garden and Deerfield, and at the
same time have proof of a considerable run-off from the watershed
toward the western limit of Kansas and in Colorado.

The few instances in which small surface streams are formed near
the Colorado line—like the plains streams known as Bear Creek and
White Woman Creek—are no exception to the statement above that
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there is no run-off into the Arkansas in the High Plains district, for
these streams entirely disappear as surface streams before the Arkansas
is reached. Their waters, less the evaporation, are ultimately joined
to the underflow. The situation may be summarized in the following
‘words: The underground drainage in this region is so enormous, and
the water passes through the gravel so freely, that there is no surplus
water left to form surface streams, or to form a perennial supply for
Arkansas River. If the gravels of the plains near Garden were less
deep, it is entirely conceivable that the Arkansas River would be a
perennial spring-fed stream at this point.

The large contribution to the underflow, which is made by the
rainfall upon the sand hills south of the river, is clearly demonstrated
by the course of the contours in fig. 5. In this diagram the soft water
from the south side of the river can be observed to be pressing the
hard water of the first bottoms northward toward the left side of the
river valley. L

Annual precipitation at Dodge and Garden, Kans.
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NORTH AND SOUTH LIMITATIONS.

A noteworthy feature of the underflow is the lack of any natural
north or south limitation to the easterly moving stream. There are
important changes from place to place in the north and south slope of
the water plane, but none are of sufficient consequence to materially
modify the dominant influence of the easterly gradient of 7to 8 feet to -
the mile. The velocities found at the edge of the sand hills to the
south of the river, and at a distance as high as 9 miles from the chan-
nel of the river, are about the same as those found near the bed of the
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