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Table L.--Standards for irrigation the static water levels in ‘wells: Meager da’c.a 1ndicate
water and composition of water from the Rush Sp?n.hgs that the water table '

in the Pond Creek’ Basin is 2 sub-
‘sandstane. o RS SRR

dued replica of the surface topogx‘aphy,, higher.under

_ . L the hills - than under thé val¥&jg; ''Undér upland areas : - - |

e T B L the water table.sldpes ‘toward t‘hé maJor valleys at a~. - 4 |
L. AR A - bout 10 feet per mile, st.eepeq'mg aé 1t apprpaches the:ﬂ ot

- A' jSt'._‘?nda-]?-d? for irrigation water ! _3/ SEd perennial. streams. Z?long' the’ reach ‘of Pond. Greek . 1o ‘

|

14. . %
|

|

ceo 8 ‘ PR " downstream .form Alfalfe -to the surface-water gaging Fow
R T : SR S T f- A ‘ station the slope of the water table' for about 2 miles J

T : on either side of the valley is 60 to 80 .feet pep,milp:
Hater ?;Iiiducrzince Salt content (pl. 1). . Slopes of the water' "table “f1anking, Bpring 4w
1 cromnos, Total . Per acre- Sodium Boron’ and Jlllow Crecks probably are similar. P
class at’ 25 c.) (p p.m.) foot (per- (p.p.m.) : : Lt
(tons).  centd: o _ _ s
o ' : TUATIONS O GROUND; ATER LE BER
1 1,000 00 . 1. 0 o FLUCTUATI F WATER LEVEL e

v d The .static water levels in wells ipdicate.the exm .« - -
2 - o '
1,000-3,000 700-2,000 1-3  60-75 0.5-2.0 tent ta-which ground water reservoirs are filled with .i° .
. weter, -~ The stage of the water in the reservoir.at. any . i:
3 3,000 2,000 . 307 2.0 time is a reflection’® of the short-term variations in '/
T recharge~discharge relatlon. A protracted rise in Wa= L
_ BTN T ter level, -indicktesi"an excass of recharge oyer dis- id.°
B, o e . : - - charge and, conversely, a contlnulng detline indicatesy.- .
me\gesﬂ,ion of Rush Springs waters excess of dlscharge. Under natural conditions, a long
slow rise of water level would be expected to be.fol- »
lowed by a slow decline, in response t6 ‘yariations in .. 1
precipitation. Heavy withdrawal of water through wells. :

Minimum may obscure these natural trends, and a progresswe de~ i
ik 169 .22 4.5 ¢line may indicate overpumping and danger of yltimate: 1
Lyerage 381 329 45 2% depletion of the reservoir. S :

Maximum 554 596 ™ 60 : Monthly measurements of static water 1evels .in se-

continuous water-stage ' recorder was installed, 'in an a-
bandoned well on the lower east side of the bas:.n (sec.-

11, T. 8 N., R. 12.W.), and in November a second re~ -,
corder was installed in a well on the west side of the.. . .i
basin (sec. 28, T.:9.N., R. 13 W:). In Mays 1949y vem .0
through the cooperatlon of the Gaorge E. Failing. Sup~ @ zor

lected farm wells were begun in March 1948. In May a A \

THE WATER TABLE

The water table is defined as the upper surface of
the zone of saturation except where that surface ie

f e ply Company, -Enid, Oklahoma, 8 observation wells were
l§§megpbyclin impermiable body. It is represented by g drilled in the lower part ‘of the,bas1n, brlnglng the
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total to 29. The locations of the observation wells

MAY, 1948
are shown on plate 1.

13 14 15 16 I 17 | 18

Through 2 years of rccord, from March 1948 +to
March 1950, the depth to the water table has not / \ MICROBAROGRAPH
changed by more than 3 feet in any of the wells, and CONVERTED TO
has changed less than 1 foot in most of them. Pumping FEET OF WATER
of water for irrigation has had no apparent effect on //4

AN

water levels in the observed wells.
53.6 \4 M \\

WELL

Although the Rush Springs sandstone is considered
a water-table aquifer in this area--that is the water
in it is not confined by an overlying impermeable for-
aation-~-the fluctuations of ground-water level in it

seem 4# be due in part to changes in barometric pres-
sure, as is commonly true of artesian aquifers. Dur-
ing a 5-day period in May 1948, a microbarograph was
opcrated near Caddo County well 11, in which an auto-
matic water-stage recorder provided a continuous record
of the rround-water level. When converted to the am-
plitude of a barometer using water instead of mercury
~and inverted, the barometric fluctuations closely re—

53.7
//J _——HYDROGRAPH, WELL 11

53.8 -r__, k

DEPTH TO WATER, IN FEET,

q

o
W
")

J

\VaWh

semble the fluctuations of the hydrograph except that
the vertical range is somewhat greater (fig. 2).

Likewise, the hydrographs for wells 11 and 14 for

the period December 24-30 are strikingly similar even
: € 3 : - APH WITH
in small details, although the two wells are 8 miles a- FIGURE 2:-COMPARISON OF HYDROGRAP

part (fig. 3). As no heavy pumping was in progress any- BAROMETRIC FLUCTUATIONS

where in the area and no precipitation had occurred for
several weeks, changes in barometric pressure seem to
offer the only plausible explanation for the fluctua-
tion and the close similarity of the hydrographs. The
Rush Springs sandstone is very fine-grained, and pres-
sure changes doubtless move much more speedily down
wells than through the interstices of the rock. The
result is a pressure differential between the water in
the well and that in the rock, which is equalized by
the movement of a small quantity of water from the well
into the rock or vice versa. This movement appears as
2 rise or fall of the water level in the well. It is
prohably significant that in well 14, where the depth /é?
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IN FEET BELOW LAND SURFACE

DEPTH TO WATER,

363

36.4

36.6

540

DECEMBER, 1948

24

25 26 27 8

29

30

WELL 14

363

36.4

0 537

i 53.8 N

6.5

366

WELL 11

34.1

54.2

543

544

545

FIGURE 3: COMPARISON OF HYDROGRAPHS

OF WELLS 11 & 14,
POND CREEK DRAINAGE BASIN,

CADDO COUNTY, OKLAHOMA
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Surface

Sikt Fine
sSandstone
Fine sandstone
Very fine sandstone
Very Fine
Fina sandstone sandstone
Very fine sandstone
Fine sandstone
Very fine sandstona
Fine sandstone Fine
'u calcareovs
§ sandstona
) v
b’ Very fine sandstone
% Very #fine
‘ Sandstone
“ Fine sandstone
'G Fine calcareovse sandstone
S Fire sandstone Fine
5 sandstona
% Very fme sandstone
% Fine sandstone Very fine
3 sandstons
L
Fine
sandstona
Ve fine sandstone Very #ine
ery Tme a4 sandséone
MARLOW | Si/t stone
FORMAT/ON :

Total depth

Figure 4.—Graphic log illustrating character of
Rush Springs sandstone, Caddo County well 14.
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to water is 38 feet, the fluctuations of weter level
were only about half as great as in well 11, where the
depth to water is 54 feet. In other words, the greater
the thickness of unsaturated rock over the water table
the more the changes in barometric pressure are retard-
ed and the greater the resulting effect on the observed
water level in the wells.

TEST DRILLING

To obtain samplcs representing the full thickness
of the Rush Springs sandstone, the Geolozical Survey
had a test hole drilled about 3 miles east of Alfalfa
(SE cor. sec. 28, T. 9 N., R. 13 W.) in lugust 1948.
This hole was 335 feet deep. It began about 5 feet be-
low the top of the formation and passed out of it into
the underlying liarlow formation at 329 feet. Figure 4
is a graphic log of the well based on microscopic exam~—
inaetion and mechanical analyses of the drill cuttings.
The Rush Springs at this locality consists mostly of
very fine sandstone with some silt and some calcium
carbonate cement. Included are layers of fine sand-
stone and two layers of calcareous sandstone.

While drilling at a depth of about 98 feet, the
bit abruptly dropped 6 inches, and at 237 feet a simi-
lar drop of 14 inches occurred. As the graphic log
(fig. 4) shows, the sandstone at these depths is cal-
careous and it therefore is probable that the bit drop-
ped into cavities created in the rock by the solution
and removal of calcareous cement by circulating ground
water.

PUMPING TEST
In April 1949 a pumping test was made in the Shoop
well to determine the coefficient of transmissibility

of the Rush Springs sandstone. The geologic conditions
at the test site are fairly representative of the Pond

Al
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Creek Bisin, for the Rush Springs sandstone lies imme-
diately below a light, sandy, highly permeable soil.
The driller's log shows that the well penetrated fine
sandstone from the surface to the bottom at 280 feet.
The static water level at the beginning of the test was
60 feet below the land surface.

Hydrologic conditions in the aquifer are neither
strictly water-table nor strictly artesian. Although
the Rush Springs sandstone is generally considered to
contain water under watcr-table conditions, the water
level fluctuates in rosponse to barometric pressure,
indicating some of the propertics of an artesian aqui-
fer. Only the Rush Springs in the immediate vicinity
of the Shoop well could be tested, obviously, but the
result of the test may be considered indicative of the
transmissibility of the formation throughout the hasin.
Differences in yields of wells in the Pond Creek Basin
indicate that this test yielded a conservative figure
for the transmissibility.

4t the time of the test the wall was equipped with
a turbine pump with the bowls set at a depth of 240
feet, powered by a gasoline engine burning butane. The
pump was operated from 10:40 a. m., April 4, to 10:30
a. m. April 5, 1949, the average yield for the 23
horrs  and 50 minutes being 225 gallons per minute.
Measurements of the water level were made during the
pumping period in a second well approximately 600 faet
distant, but the water level was not affected by the
pumping. Instead a slight rise was observed, probably
corresponding with a decline in barometric pressure as
recorded by a microbarograph, 4t the end of the pump-~
ing period, the water level in the pumped well was a-
bout 240 feet below the surface, as determined by air-
pressure gage, indicating a drawdown of 18C feet and a
specific capacity of 1.2 gallons per minute per foot of
drawdown. During the ensuing 10 hours the water level
recovered about 177.5 feet, rising to withian 2.5 feet

o{ the static level at the beginning of the test (table
5 L ]

19,
Table 5.-Recovery of water level in the Shoop well
Depth to water Recovery
Time of test (feet) (feet)
April 4, 1949, 10:40 a.m.
started pump a 60
Lpril 5, 1949, 10:30 a.m.
stopped pump a 240 o
10:31 a,m. a 201.5 38.5
10:313a.m. a 174 66
10:35 a.m. a 140 100
10:40 a.m, a 120 138
10:57 a.m. b 73.7h 166,26
11:15 a.m. b 68.99 i71.01
11:30 a.m, b 67.48 172,52
12:00 noon b 66.02 173.98
1:00 p.m. b 64.70 175.30
2:00 p.m. b 64.06 175.94
3:00 p.m. b 63.65 176.35
4:00 p.m. b 63.33 176.67
7:00 p.m. b 62.73 177.27
9:00 p.m. b 62.49 177.51

a Air-pressure guage measurement.
b Tape measurement.
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each mile of the water-bearing bed (measured at right-
angles to the direction of flow) for each foot per mile
of hydraulic gradient. It is a measure of the ability
of the aquifer to transmit and yield water to wells.,

The drawdown in the Shoop well was rapid at first, :g
and initially the recovery of the water level after D
pumping stopped was correspondingly rapid. when plot- \\\59
ted on semi-logarithmic paper the recovery measurc— £0 s
ments should, theoretically, yield a straight lire. T \4QQ9
Those for the last 7.5 hours yielded such a line, but \\::QQO.
this part of the recovery curve doss not represent the 40 - §§\t
conditions in and adjacent to a pumping well where the \\3%
saturated thickness of water-bearing material locally a g\
is rcduced by the drawdown. The first part of the re- alo N
covery curve yielded a curved line whose slope in- EE \\&\
creased as the water level approached oquilibrium, EE’ \
this part of the recovery comes closer to representing ujn [20 N
conditions in a pumping wéll. Analyzed by the Theis 19/ olo ’ ~:>\\
nonequilibrium formula, +this part of the curve indi- el 4 \ \
cates a coefficient of transmissibility of 5,000 gal- &5 9
lons per day per foot. The coefficient of transmissi-~ 2z \\ \\\\
bility is defined as the number of galions of water a what N\
day that percolates under prevailing conditions through gg N
nln
Gt uwd
2|2
i

'HDDD

Y
p/‘

Using the coefficient of transmissibility of
5,000, estimates were made of the probable drawdown in

the Shoop well at the end of 10 and 20 days of contin~ . %%
uous pumping at rates of 225, 250, and 300 gallons per :
minute (table 6). _ A5 91 76 60 66 67 66 65 64 63

OEPTH TO WATER, IN FEET BELOW LAND SURFACE

For efficient operation, the drawdown in this well
should not exceed about 2/3 of the thickness of the wa-
ter-bearing sand. i£S the saturated Rush Springs sand-
stone at the Shoop site is estimated to be 265 feet
thick, the drawdown should not exceed 177 feet. It is
evident, therefore, that 225 gallons per minute is a- CADDO COUNTY, OKLAHOMA
bout as much as should be expected from the Shoop well.

FIGURE 5: SEMILOG CRAPH OF THE RECOVERY OF THE
WATER LEVEL IN THE SHOOP IRRIGATION WELL

19/ Theis, C. V., The relation between tho lowering of
the piezometric surface and the rate and duration of
discharge of a well using ground-water storage: Am.
Gsophys. Union Trans., pp. 419-524, 1935. zlég
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Table 6,-Estimated drawdown, in feet, in Shoop well,
after 10 and 20 days of continuous pumping.

Yield Drawdown Drawdown
(gallons after 10 days after 20 days
per minute) (feet) (fzet)
225 180 185
250 200 205
300 2L0 2L5

RECHARGE AMD OISCHARGE

Of the water that falls on the surface of the
earth, a part runs off and flows away in rivers; some
is returned to the atmosphere by evaporation; some is
used by plants and eventually returned to the atmos-
phere; and some percolates down through the soil and
underlying rocks to the water table, becoming ground
water. The addition of water to underground reservoirs
in this manner is called recharge. This replenishment
makes ground water a natural resource that can be har-
vested annually.

In the zone of saturation water moves under the
influence of gravity from higher to lower altitudes at
rates ranging from a few inches to several hundred feet
per day. Ultimately it discharges from the aquifer
through springs or into streams, or in some cases into
the sea. Such discharge is called natural discharge.
To it generally must be added the artificial discharge
of water through wells or other man-made structures for
recovering ground water. The natural discharge approx-
imately balances the recharge, and a measurement of the
natural discharge, therefore, is a reliable index to
the recharge. Withdrawal of ground water by pumping

24
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may reduce the natural discharge, but this diversion of
water from one type of discharge to the other is not
necessarily undesirable, unless the diverted natural
discharge served a practical and economic purpose.

fn analysis of precipitation records for the Wea-
ther Bureau. stations at Fort Cobb and Weatherford,
which are near the southeast and northwest ends, res-
pectively, of the Pond Creck Basin, indicates that a-
bout 1,053,000 acre-feet of water fell in th: basin in
the 24 .nonths from October 1, 1947, to October 1, 1949,
During this same period, the total discharge of Pond
Creek, as measured by a recording gage near Fort Cobb,
was 100,300 acre-feet. it low stages the flow of the
creek represents the natural discharge of ground water
from the Rush Springs sandstone. 4 'study of a hydro-
graph rcpresenting the stream flow indicates that the
ground-water discharge was 31,626 acre-feet, that the
surface runoff was 68,672 acre-fuet, and that the re-
m2ining 952,700 acre-feet was lost by evaporation, wags
used by plants, or went into ground-water storage.

As the rechiarge to the ground-water reservoir in
the Rush Springs sandstone must be great enough to sus-
tain the natural discharge, it must have been at least
31,626 acre-feet during the 24 months, or 15,813 acre-
faet, per year. Stated in other terms, this is 49.42
acre-feet annually per square mile, ~and is equal to
0.93 1inch of rain, or about 3 percent of the average
precipitation.

CONCLUSTION!

The principal aquifer. in the Pond Creek Basin is
the Rush Springs sandstone, of Permian age, which at-
tains a thickness of 33§ feet whére it is not eroded;
For most practical purp ses, the ground water may be
considered as occurring under water-table conditions.
The eight widely scattered wells that had been complet-
ed by the fall of 1949 indicate that the formation

23.

probably will yield sufficient water for irrigation
throughout the basin, Results of one pumping test show
that 225 gallons per minute is the maximum yield that
may be expected from the well tested, but other data
suggest that in some places in the basin higher yields
may be obtained. Recharge and discharge of water to
and from the aquifer are approximately balanced, Sta-
tic water levels have not been measurably affzcted by
pumping, because the wells are few and have been opera-
ted only a short time. The water of the Rush Springs
sandstone is of good quality for domestic and irriga-
tion use, and for some industrial uses.,

The Blaine gypsum may yield water in quantities
adequate for irrigation, provided the gypsum layers are
cavernous, but this possibility is as yet untested.
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