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Broject Title: Evaluation of Aquifer Performance and Water Supply Capabi-
lities of the Washita River Alluvial Aquifer in Oklahoma.

Principal Inuestigator: Douglas C. Kent, Professor, Department of
Geology, Oklahoma State University.

Institution Funded: OQkiahoma State University

Summary: The objective of this research was to determine the maximum
annual yield of fresh water that can be produced from the Washita River
alluvial aquifer in Roger Mills, Custer, Washita, Kiowa, Caddo, Grady,
McClain, Garvin, Murray, Carter, and Johnston Counties, Oklahoma. The
determination of maximum annual yield was based on criteria established by
Oklahoma ground-water law (82 OKlahoma Statutes Supp. 1973, Paragfaph
1020.1 et seq? using computer simulation of all pridr appropriative and
SQbsequent allocated pumping over the entire aquifer area for twenty vears
(July 1, 1973 to July 1, 1993).

The total alluvial aquifer area was subdivided into four subareas:
Reach 1, Reach 2, Reach 3, and Reach 4. The combined maxjmum annual yield
ic 2,184,400 acre-tfeet,

The OKlahoma Water Resources Board has elected to use a separate
alliocation proportioned for each alluvial reach as follows:

Reach 1 <(State Line to Clinton, OK, Roger Mitis and Custer Co.:?
2.0 Ac-ft/ac/vr.

Reach 2 f(Clinton to eastern edge of Washita Countyj Note: The
eastern portion of Reach 2 (Subreach B) ic subject to the
allocations specified for the Rush Springs sandstone
aguifer. ’

1.5 Ac-ftlac/yr.,

Reach 3 (&nadarko, 0K to Alex, OK; Caddo and Grady Counties?
1.5 Ac-+ft/ac/vr.

Reach 4 #Alex, OK to Lake Texoma; Grady, McClain, Garvin, Murrayr
Carter and Johnston Counties?
1.0 Ac-ft/acs/yr.



The above allocations are based on the following parameters: (13 the
total area overlying the lWashita River alluvial aquifer is 294,000 écfes.
Areas for Reaches 1 through 4 are: 60,000 ac, 4,000 ac, 70,500 ac, and
161,500 ac respectively, {2) the amount of ground-water in storage }n the
Washita River drainage basin as of July 1, 1973 is 4,700,000 acre-feet.
Storage volumes for Reaches 1 through 4 are: 1,928,000 af, 57,000 Af,
1,000,000 Af and 1,717,000 Af, respectively, (3) the potential amount of
water.in storage plus return flow over the twenty-year life o? the basin is
7,341,?00 acre-feet, &Storage uolumes for Reaches 1 through 4 are:
2,400,000 Af, 80,700 ~f, 1,423,700 Af, and 3,237,300 &f, (4> the estimated
average rate of net recharge from the rainfall is 3.22 inches per rear and
for each reach the recharge is 32.17 in., 2,83 in., 2.45 in;, and 4.41 in.,
respectiQe]y. The assumed irrigation return flow rate for all reaches is 15
percent, {3 the average initial transmissivity ie 33,700 gallons per
day per {foot and for each reach, the ftransmissivities for each reach are
23,500 gpds+t, 12;800 gpd~+t, 146,400 gpd/+t, and 43,100 gpd-+t, resbective-
1y, and {é&} the average specific vield of the alluvium is 24.0% and for each
reach, the specific wield is 26.3%, 20.4%, 20.4¥ and 29.2¥%, respectivelyr,

_Ground-water pollution induced by ground-water withdrawal is negligible
due to a non-significant contribution through upward leakage by the dhder—
lving bedrock and because the Washita River should remain as a gaining

stream after twenty vears of pumping.

“a



INTRODUCTION

This is a final report to the Oklahoma Water Resources Board in
fulfillment of Contract No. OWRB 300080 through Oklahoma State University
and the Department of Geology.

A hydrogeologic study of the Washita River aquifer was'performed using
a mathematical model to determine an annual allocation rate and maximum
annual vield., The establishment of ground-water rights using a model is
described in an ASCS symposium proceedings by J. W. Naney and D. C. Kent, -
(1980).

Similar studies have been prepared for the Tillmén Terrace Deposits in
Tillman County (D. C. Kent and J. W. Naney, 1978), the North Fork of the Red
River alluvial and terrace deposits in Beckham, Greer, Kiowa, and Jackson
Counties (D. C. Kent, 1982), the Enid isolated terrace deposiis in Garfield
County (D. C. Kent. Y. J. Beausoleil and F. E. Witz, 1982), and of the ElK
City Aquifer in Washita, Beckham, Custer and Roger Miils Counties ¢D. C.
Kent, T. Lyons and F. E. Witz, 1982).

The Washita River drainage basin contains 7,790 square miles of which
7,310 square miles are in Okiahoma and the remainder are in the Texas
Panhandle (Figure 1). The basin area within the confines of Oklahoma was
divided into four reaches as shown in Figure 2: Reach {, from the western
edge of Roger Mills county to Clinton (Schipper, 1983); Reach 2, from Clinton
to Anadarko; Reach 3, from Anadarko to Alex (Neafus, 1984); and Reach 4,
extending from Alex to Lake Texoma excluding the alluvium within the

Arbuckle Mountains (Patterson, 1984).
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Map Showing The Washita River Drainage Basin Within Oklahoma.

Figure 1.
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The primary objective of the study was to determine the maximum annual
.yield and thus, the maximum allocation of fresh water in acre-feet pér acre
per year that could be produced from the Washita River alluvium. Under
Oklahoma Statute No. 82 S 1020.4 and 82 S 1020.5, the Okiahoma Water’
Resources Board is responsible for completing hydrofogic surveys of each
fresh ground-water basin or sub-basin within the state of Oklahoma and for
defermining a maximum annual safe yield which will provide a 20-vear
minimum life for each basin.

Ok1ahoma Statute No. 82 S 1020.5 states the following:

After making the hydrologic survey, the Board shall

make a determination of maximum annual yield of fresh

water to be produced from each ground-water basin or

sub-basin. Such determination must be based on the

following:

i{. The total land area overiying the basin or
sub-basing

2. The amount of water in storage in the basin
or sub-basin;

3. The rate of natural recharge to the basin or
sub-basin and total discharage from the basin
or sub-basin;

4. Transmissivity of the basin or sub-basinj; and

5. The possibility of poliution of the basin or
sub-basin from natural sources.

. The maximum annual yield of each fresh ground-
water basin or sub-basin shall be based upon =z
minimum basin or sub-basin life of twenty (20)
years from the effective date of this act. #An
annual aliocation in terms of acre-feet per acre
per year is to be determined based on the maximum
annual yield and used as a basis for issuing
permits to owners whose land is located within the
aquifer area (Oklahoma Water Resources Board Rules
and Regulations, 663.2).

The annual allocation in terms of acre-feet per acre per year is that
which can be produced by the aguifer to cause one-half of the area of the

aquifer to be depleted of water (to a saturated thickness of 3.5 feet or



less) over a 20-year pumping period starting Juiy 1, 1?73 and ending on
July 1, 1993.

The Washita River alluvial aquifer is an unconfined or water table
aguifer. Permian aged bedrock underlies most of the aquifer except in the
southern most portion of Reach 4 where the bedrock ranges from Precambrian
to Cretaceous in age as shown in Figure 3. The bedrock underlying the.
alluvial aquifer serves as an aquitard and a lower boundary of the aquifer.
The average depth to water is 22 feet and the average saturated thickness
is &1 feet but can be as much as 189 feet. The sediments grade from coarse
sands and the graveis at the base to finer sands and silts near the
surface. The average permeability and transmissity are 770 gpd/ft*#2 and
33,700 gpd/ft, respectively.

The Washita River is a gaining stream which is sustained by base flow
from the aquifer during the drier months. The loss from the aguifer is
replaced by a net recharge of approximately 3.72 in/yr, or approxiﬁately
11.5 percent of a mean precipitation of 32.2 in/yr. The average evapo-
transpiration is 28.6 in/yr. This information is summarized in Tabie I,

A computer model was used to simulate the response of the aquifer to
pumping stress over a 20—}ear period in the Washita River alluvium. The
model used was the Trescott, Pinder, and Larson (1976) two-dimensional
finite difference model with options for artesian, water table, aﬁd

combined aguifers. The water table version was used.



*123inby Tetranyiy um>wm Bl1TUSEM D] STT19pup 3I®YJ] SUOTIBUIO]

s|oyg
NO®ID SitMBlQ
o848 pisppop

dnoin
SHH WduwioQ

dnoip seeeq

dnoip iedeQ

uopewIod
uoBuIem

euojopung
Jeqs8p

ILIT
juowe4

suo)spung
NTCEYLY

ojeyg
voe|g

920297«
5
e

Np=g=

usiddissisnny

URjusAjAsuueg

uRjwieg

suolspueg
uedung

uojowiIog
*yeNOIYd
uoeWwIog

ujelg
~)081) non

vojzewnsog
mojepn

uo|jewioy
sBuppdg  yony

uofyewIog

01D PROID

pusg wiojuy

Lad it Ll :v::
8}je0deg
co.-»ﬁr v E=_>==<

uBlWwIey

sncesvyesn

A1vuseyenp

ayl Butmoyg dey

01307099

*¢ 21n3Tyg




*c pue T sayoesy Buisn paSeissex

9°97 1T L°€ (AR A 00¥°L 0oL ‘€€ oLl ©°8 19 1L 0°2¢ (93eaaae

X pa3y3tom)

sSaYyYIELDY

pautquo)

1e30]

¢°0¢ 9°7T 'y 6°%€  00L‘TT 00T °cw 08T°T 8 8¢ o 97 uosidiieg

# 4oeoay

7°0€’ 0°% LT 0°€€ 00% ‘T  00%*°9T 09¢ 9 L9 69 LT snyeay

¢ yoeoy

(paTapou

006 ‘HT 082 - €6 q jou)

%*T°92 *9°0T * 6°T #6° 8T 068°CT 0$7? - 44 - *LT Vv T yoesy

L°1T LT Z°¢ 64T 006°C 066°cT 092 €T 8TT GTT LT 1addryog

T yoe9ay

€661 €L6T £66T €L6T €661 €L6T
(1k/ut) &) (3K7ut) (1X7uT) (33/pd3) 13/pd3) , (a1) (173)
A uotlel o31vYOdY uotlel £3TA £y1119% SSIUNDTYL 193 epM
Tenuuay -tdio9ag 19N ~-tdrosag ~-TSSTUsueRLy, -2UWAdg paleinjyeg oL,
28e12Ay 12301 JO 1enuuy 93e1aAy ?8evi9Ay a8eaoAy yadaqg
3udd19g a8vIaay a3easAy

T 419Vl

yoeay Lg SuOTIBOOTIYV SUTWIIISQ O] PasS Sidjsuwvieg Lirvuwung



GROUND-WATER
MODEL ING
Simulatipn Procedurce

Initial ground-water levels, pumping rate, and transmissivity are
primary variabales used in the model of the aquifer. Quantitative values
must be assigned to the hydrogeologic parameters of the aquifer in order to
model the aguifer within the accuracy of the data used. The quantitative _
values are either assigned directly by the hydrogeologist or generated by
the computer model. A value for each hydrogeologic parametér is assigned>
to every eighth quarter mile section (node) in the aquffer. The model output
consists of a mass balance and estimated volume of ground water in storage,
as well as maps of predicted ground-water table elevations and saturated
thicknesses at S-year intervals throughouf the 20-year minimum basin life
as shown in the Appendix by river reach.

The modeling program used in this investigation was originally written
by Pinder {1970) and revised by Trescott, Pinder, and Larson (1976). The
finite difference model simulates ground-water flow in two dimensions for
an artesian aquifer, a water table aquifer, or a combination of the two.

Some of the data management procedures in the model were modified for
this OWRB project. The approach used to process the dafa for model
simulation is shown by the flow diagram in Figure 4. The input data were
divided into matrix and constant parameters (Figure 4). The matrix
parameters include: water-table elevations; land, top, and bedrock eleva-
tions; river bed thickness and hydraulic conductivity; and well pumping
rate and recharge rate. The matrix parameters were mapped, contdured, and
digitized for the study area. A grid spacing of one-half mile was used to

represent quarter sections to estabiish a matrix; however, a grid of

10
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one-quarter mile spacing wag used for Reach 1. The storage coefficient of
the river bed is a constant parameter. |

Basic contoured data which was to be entered as a ﬁatrix was gridded
and digitized for input into the computer model. A grid, drawn at the same
- scale as the topographic maps for the area, was overlain onto each contour
map. WValues were assigned to each noae of the grid by a perimeter-.
averaging technique developed by Griffen (1949). Griffen’s method involues
averaging the values at the corners and center of each node to obtain an

average value for that node.

Lalibration

The Washita River Alluvium Aquifer is considered to be a quasi-
homogeneous aquifer occurring in a recharge-discharge equilibrium} The
main objective in calibration of the model, was to maintain this recharge-
discharge equilibrium. Equilibrium is established when the mass balance
shows the inflow; and outflow as being equal and i> indicated by negligible
fluctuations in the water-table elevations.

To calibrate the model, a river program option was used to simulate
ground-water discharge into the streams which are present in the area.
This river option was used in conjunction with net recharge and constant

gradient discharge node values,

Simulation Period

The model was used to simulate pumping and corresponding water-level
changes over a one-year and a 20-year period. The one-year simulation run
was used to calibrate the model. Twenty-year simulation runs were
initiated for July 1, 1973 to July 1, 1993. The longer simulation.period
is based on OKlahoma Water Law Statute 82, Paragraphs 1020.4 and 1020.5

which requires that new annual pumping alliocations be assigned based on a

12



minimum aquifer life of 20 years. The 20-year simulationAinciuded‘two
simulation runs: (1) prior appropriative rate only; and (2) prior

appropriative rate with allocation pumping.

&llocation

The final 20-year computer simulation was conducted for the 1973 to
1993 period for each subbasin using pumping rates of prior.appropriative
right owners. This simulation was repeated with ailocation pumping in
conjunction with prior appropfiative pumping.

Maximum annual yield was determined by adjusting the amount of
allocated pumpage that would cause 50 percent of the nodes to go dry by the
end of the simuiation period (20 years). The maxihum annual yield and
allécatea-pumpage was optimized by repeating 20-year simulation in order to
obtain the required 50 percent dry area. A saturated thickness of five
feet was considered dry due to size Timitations of screen length and size
of a submersible pump which would be set at the bottom of a fully
penetrating well capable of pumping the annual aillocation rate.

Each node was pumped continuousliy for a four-month period during the
summer of each year at three times the annual allocation rate. This
schedule was continued throughout the 20-year period unless the node bhecame
dry prior to that time. It is assumed in the model fhat everyone pumps the
same average maximum legal limit. This rate corresponds to an
instantaneous pumping rate continuously pumped for the four-month period
between June 1 and September 30 of each year. Under these conditions,
various parts of the area go dry at different times; this is due to the
nonhomoéeneous nature of the alluvium (variable transmissivity and
corresponding specific yield). The 50 percent dry criteria was used to

accommodate thic variability. The wells are turned off in the model when

i3



the five-foot saturated thickness is reached; and will turn on periodically
‘to remove accumulation due to recharge. A series of 20-year simulation
runs are made in order to select the pumping rate which will cause S0 |
percent of the total area to become less than or equal'to 5.5 feet of
saturated thickness (°dry"”) at the end of ZQ years.The maximum annual yield
is the resulting amount of water recovered over the 20-year period during
which wells are being turned off and on as the aquifer is depleted and
recharged. Because of these factoré, the maximum annual }ield does not
simply equal the product of allocation rate times the area. “

The computer simulation results are summarized in a ground-wéter
budget for each model reach. Simulated changes in saturateq thickness and
of areas that become “dry" (£ 5.5 feet) for 1973, 1983, and 1993 are shown
as saturated thickness maps in the appendix.

A 20-year ground-water budget is computed for the.final computer
allocation run of each model reach and is shown in the Appendix. Other
computer simulation results for the same period include transmissivity,

water-table elevations and water depth {(see Appendix).

14




REACH 1

Reach 1, located in Roger Mills and Custer counties, is described by
Schipper (1983) who divided the reach into three subreaches; Subreach A,
 Subreach B, and Subreach C. The alluvial aquifer in Reach { is underlain by
Permian aged materialj especially the Rush Springs and Cioud Chief
Formations (see FigureIS).

The Rush Springs Sandstone is the oidest rock outcropping in Reach {.
This Permian formation is primarily an orange-brown,'fine-grained, calcite
and gypsum cemented, quartzose sandstone; it outcrops on the northern side
of the Washita River in Custer County. East of Reach i, it is up to 430
feét thick, but averages approximately 200 feet thick in western Custer-
County. In many piaces the sandstone is crossbedded. The Rush Springs
contains some gypsum beds that are laterally continuous. One of these, the
weatherford bed, is a gypsum or dolomite and occurs near the top of the
formation. It is up to eight feet thick and caps escarpments over much of
Custer County (Fay, 1978).

East of Reach !, welis in the Rush Springs yie}d.260 to 700 gpm of
water with suitable quality for municipal and irrigation use. However,
within Reach 1, yields may be less than 50 gpm. Smziter vields are mainfy
due to a reduced saturated thickness. The decrease in yield is accompanied
by 8 decrease in water quality. Water quality is poor due to the percolation
of water through the soluble gypsum in the overlying Cloud Chief Formation
and in the Rush Springs, which causes higher concentrations of calcium
sulfate. Use of water from the Rush Springs in the southwestern corner of
Cucter County is limited because the water is highly minefalized (Hart,

1978).

15



The Cloud Chief Formation odtcrops both north and south of the river
in a wide band that parallels the rivér course within Reach 1. Through
most of this length, the Washita River alluvium rests upon the Cloud Chief.
Approximately 80 feet of the Cloud Chief is exposed in thé Cheyenne area.
The total thickness is about 190 feet (Bowers, 1947). Orange-brown shale
and siltstone with some orange-brown sandstone make up most of the"
formation. Dolomite and gypsum are also found in the Cloud Chief. Two
members, the Day Creek bed and the Moccasin Creek bed, have been named.
They are in the lower half of the formation and are each about. five feet
thick (Hart, 1978).

‘The Washita River alluvium within Reach 1 consists of discontinuous
layers of sand, silt, clay, and gravel derived from the Tertiary and
Permian bedrock through which the river cuts. Drillers’ logs show that }ts
thickness is up to 223 feet northwest of Cheyenne in Roger Mills County.
Well yields are more than 100 gpm in several areas. Numerous irrigation
welils are completed in the alluvium.

The river basin area in Roger Mills and Custer counties is approximately
1,800 square miles, The average depth to water is 17 feet and the average
saturated thickness.is 118 feet. Water table maps for subrea;hes A,bB, and
€ are shown in Appendix A. The average permeability is 257 gpd/fi%*2
and the average transmissivity is 28,548 gpd/ft. Average depth to water,
saturated thickness, permeability, and transmissivity for 1973 and 1993 for
Reach 1 are summarized in Table 1. The water budget for Reach 1 is shown
in Figure S. Saturatéd thickness and transmissivity maps are shown in
Appendix A for 1973 and 1993. Maps showing depth to water for 1973 and 1993
for Reach ! are also shown in Appendix A. A relationship
between saturated thickness and the percent of aquifer area which is dry for

each subreach within Reach ! is shown in Table 2.

1é



°T yoeay pafspoy 104 3193png i931EM-pUNOIH * G 21nBTJ

; ¥ " T | - L3 9 WML Vo
_hL\Q&W tz6 N_ —.MIE isaoVIaNy A wﬂuamumh‘.ouxm_z-%v

SEaion d 8184012
ALIISSINS VN o ey y ( €66T) asvyurg ]

no1) Auvanoog

aaLyyalvg

a

[%4/000 89s'8z] [ 811 | isasvamy ;\.\
p vo ST TTELTY WL N 99tBee T /1
ALIAIISINSN Y PATSYY S ) S ( mmﬂv WVYoLG WILIN|
(pwoving Lia3x 3 metan) s 1\\
.Am.ziz.i b>=u¢wum 3 asmake) =) gﬂm_ 1) 4 9NWOLQ VILING)
tho»em .:::.“_ :.L u.p<33n¢-§-uuy_ A 1o < xm:} WiiNIL0 —l .
Vv ecc T T T T T Tt T T T - HHHWI.. - l.u,.. |||||| Ho14 NN + A
35VIVs] YNy o e th..<. u.;m mwmxal _¥aypmwumealed | ]| ~
4 (441 === . P4 i W
n 134 VOENY U N
: LR FT72Y T VAT $E_ ¥ Ve /A ¥y
EON o a0 3] 661 ovo'es SA] .oﬁ 1 %9°1| 00% 86 onldHn |
; Ll 5TTI9T (VTS 14 8667196 L § MillyoL3
Y 1'% 4V M + 43N
NOLIVMIISHV BLodVA] .
Luaisavy] Wyl WVA] W] fRW] ) 23 YN
AN 2L do % | ¢6¢°¢ mmm Lt 50°0 Hm‘.m ¢ s€°0) .:.5 1 NoLVIddoNa\}
v 9veTiiT'e 6'STlgy W90 ISE JyTI07E9 N 50 0ch oy |
HOI LV WL SV L odYA
. . 3 Witnarg] ¥ /N 94V 2T AV ¥V/N] FU7N 5iva) 0z ¥
MYTERAN EAm 6°7C do 9] 69°1] €6v 0T o€ 0 TI6 LT 66T | Oy‘6TL ¢ GNMNE] |
: o . T ¥ tAk: 119 T[0T 88ET LY daNislv) LA
Y NAT [V . 086‘wer'e 9'06 [iy T198°620'C WV m L Siva), 02 el
TNYINIV Yolov ONiding . Moy (av3map)
mww.%uuuw ¥ :&.8& FA193447] nynLsy oNldln) SS9dS) 139dng
e B [ owi] A=) [
TVINIVY do (urduny ssoiq d0 Y NolWooyf | 2IWNe vy (A sntdung SSoug) ]
¢ atvy) “w‘ﬁ:u%w ¢ upcxm:cﬁwz-ﬁuvw IVONNY 3N253427 M014 Wun 3y z..=<u5a Waliwy _wzo_: Hossy
(AN Pritdnag ueyg) *
[y v | [y oot09] [ 227049 895782 | K] m:.,m_ % €97 ﬂc\&..wc .__=<“”MM__
vay VTS vay ALIMISSIHSNYY| [3ETTLEIT TR E S T 4131 § deaig - 1
uzwhah%nmuﬁx% ..<vho.,_‘. Fovu2ay TViN) §<¢w~m< ..<..:z_ \.fw@<¢w>< u.w<xw>< —mv.whw:<v. &

139d0¢] ¥ILVM dNnoAS) aval Q72

17



0°0¢

9°8Yy

6°6%

£66T

9°¢t 87T 0 0 1T Lz 9% 69
v°1e £°6 0 0 , 71 Le ‘GY 89
0°8 7°1 70 0 €7 6¢ GL €Tt
.wwma £8671 8L6T €L6T €661 88671 €861 8L6T

eaay 1931nby Axg ajusoiag SSoUNITY], ps31BInjes

T Uo®dyg PITIPON

104 eaay

1931Tnby £1q jusooisg sa13109dssy ay3 pue SSOUNDTIYJ peleiIN}IEg

¢ q749VL

€6

T6

0sT

elet

75 yoeaiqng

g yoeaaqng

Vv yoeaiqng

i8



The average recharge is approximately 3,17 in/yr which is 12.7
-percent of the total average precipitation of 24.9 in/yr. The average
euépotranspiration for Reach 1 is 21.7 in/yr. This data along wifh the
preceeding data is summarized in the ground-water budget for Reach I in
Figure S, Prior appropriative pumping rights and wéter distribution
summaries are shown in Appendix A. An allocation rate.of 2.18
acre-feet/acre/year was determined for Reach 1. Table 3 shows the method
used to calculate this weighted allocation rate.

The water gquality in the Washita River alluvium is affected by the
ﬁomposition of the underlying bedrock and the alluvium itsel+f. I% water
from the bedrock is characteristically high in dissolved solids, and if the
bedrock contributes appreciable water to the aliuvium through upward
leakage, then this should be reflected in the water quality of the
alluvium. The Cioud Chief Formation underlies the alluvium for most of
Reach 1 except for relatively short distances near Hammon and Clintdn,
where the alluvium rests on the Rush Springs. The Cloud Chief contains
interbedded gypsum with two gypsum and dolomite members up to eight feet
thick identified in the lower portion of the formation. The Rush Springs
Formation also contains interbedded gypsum. The Weatherford gypsum and
dolomite is up to eight feet thick (Fay, 1978) and sccurs near the top of
the Rush’Springs. Quality of runoff, which may at times be added to the
ground-water storage, can also influence the water quality in the alluvium.

Two analyses of water from the Washita River alluvium were included in
the Clinton Hydrologic Atlas (Carr, et 2l., 1976). They are presented in
Figure 6. Both wells are located in the vicinity of Chgyenne; drillers’ logs
do not indicate penetration of the redbed in either case. The well northwest
of Cheyenne is 190 feet deep and produced water with total dissolved solids of

3450 mg/Y. The second well is east of Cheyenne and is 128 feet deep. Coarse

19
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sand and gravel were penetrated in the lower 52 feet. It reportedly

yielded 1000 gpm upon combletion; total dissolved solids were:2920 mg/ 1.

Hafdness (Ca + Mg) and sulfate (SO%%4) are the main cause of the relatively

high values of dissolved solids. The hardness and sulfate are probably

related to the gypsum (CaS0xx4 2H**20$ in the underlying Cloud Chief and

Rush Springs. |
Analyses of 15 water samples from the Clbud Chief (Carr, et al., 1974)

showed an average dissolved solids of 2850 mg/1. Total hardness averaged 1700

img/1 and the average sulfate concentration was 1700 mg/1. Four water

samples taKen from the Rush Springs Formation in the Uashita River basin

above Ciinton had an average total dissolved solids of 2428 mg/1 with an

average total hardness of 1488 mg/1 and sulfate concentration of 1416 mg/1.

Further east in Caddo County, water quality in the Rush Springs is better

and dissolved solids average 280 mg/1. The higher dissolved solids in

Reach 1 are probably due to solution of gypsum in the overlying Cloud

Chief. Downward percolation carries the dissolved minerals into the Rush

Springs Formation. OGOypsum contained in the Rush Springs may alse

contribute to the poor ground-water quaility.
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REACH 2

Reach 2 extends from Clinton to Anadarko (Figure 2). The western one-
third of the reach is primarily in Washita County and is underlain by the
Cloud Chief Formation; whereas, the eastern two-thirds is primarily in
Caddo County and is underlain by the Rush Springs Formation as shown in
Figures 7 and 8, respectively. The éverage saturated thickness of the
alluvium in Reach 2 is 33 feet and the average transmissivity is 13,900
gpd/ft {(cee Table 1), Maps showing water table e]euations, saturated
thickness, and transmissivity are illustrated in Figures 9-14,
respectively. The transmicssivity values are based on assigned
permeability ranges of 10, 40, 350 and 700 gpd/ft2, respectively, using
sample logs (see discussion of permeability ranges in Kent, et.al, 19737,

That portion of Reach 2 (subreach A, Washita County) underlain by the
Cloud Chief Formation (Figure 7) was not modeled because of ltack of data
and because it is hydrogeologically similar to Reach 3; thus; the
allocation determined for Reach 3 (1.4 acre-feet/acre/vear) was aléo used
in Reach 2, subreach A. The remaining portion of Reach 2 {subreach B,
Cadde Countyl, is similar to subreach & but is underiain by the Rush
Springs formation (see Figure 8). Subreach B {Caddo County) was excluded
from both modeling and allocation because of the large number of wells
which are either totally completed in the underlying Rush Springs sandstone
aquifer or are commingled with the alluvial aquifer. Therefore, Subreach B
is only subject to the allocation specified for the Rush Springs sandstone

aguifer,
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Figure 9. Water Table Map,

Subreach A, Reach 2.

Cl.=20¢t.
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Figure 13, Transmissivity,

Subreach A, Reach 2.
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REACH 3

Reach 3 includes the area between AnadarKo and Alex in Caddo and
western Grady counties. This reach has been extensively studied by
personnel from the Agricultural Research Service in Chickasha and Durant,
Oklahoma and from the Department of Geology at the OKlahoma State
University in Stillwater, Oklahoma. An approach to hydrogeologic
investigations within this reach is described in a journal article by D. C.
Kent, J. W. Naney and B. B. Barnes (i973). The article includes maps,
cross sections, a description of a hydrogeologic data storage and retrieval
system and procedures for determining the‘hydraulic parameters {permeabi-~
lity storage coefficient), A M.S. thesis, which has‘been completed but not
published, includes information and resulis used for this report (see
R. Neafus, 1984).

A detailed model study has been in progress for several years by D. C.
Kent and J. W. Naney. Some of the published resuits of computer simulation
are shown in Figure 15 (see D. C. Kent, J. W. Naney and F. E. Witz, 1982).

The alluvium in this area is underlain by the Marlow Formation, the |
Dog Creek-Blaine Formation, and the Chickasha Formation (see Figure 3). The
bedrock formations in Reach 3 represent only the Permian System. The
oldest formations are in the eastern part of Reach 3 with the formations
dipping 5 to 10 degrees to the west. The Chickasha Formation, which crobs
out in the eastern part of Reach 3, is the oldest strata and is made up of
a layered sequence of medium-dark red sandstone, shale, silttstone, and
siltstone conglomerate with iron and calcite cement. The outcrops are
predominately channeled siltstones with cherty, pebble conglomerate occurring

in the bottom of the channels. Overiying and outcropping to the west of the
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Figure 15, THE CRITICAL SATURATED THICKNESS FOR THE WASHITA RIVER ALLUVIUM
BETWEEN ANADARKO AND ALEX, OKLAHOMA.

(D. C. Kent, J. W. Naney, and F. E. Witz, 1982)
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Chickasha Formation is the Dog Creek-Blaine Formation. This formation is
‘mostly dark red, even bedded, dolomitic shale interbedded with thin
grpsiferous sandstone. To the west and overlying the Dog Creek-Blaine
Formation is the Marlow Formation. The Marlow Formation consists mainly of
evenly bedded, red, sandy, dolomitic, gypsiferous shale; The Marlo& crops
~out over most of the western half of Reach 3 with outcrops along the western
half of the Washita River valley and along most of the length of the Sugar
Creek tributary to the north.

The Washita River basin between Anadarko and Alex contains
approximately 109 square miles of alluvial deposits. The average depth to
water is 17 fegt, the average saturated thickness is 47 feet, the average
permeabii;ty is 258 gpd/ft**2, and the average transmissivity is 16,440
gpd/+t {see Table 1),

A generalized water table map for Reach 3 is shown in Figure 14. Average
depth to water, saturated thickness, permeabiiity, and transmissivity for
1973 and 1993 are also presented in Table 1. Maps for saturated thickness;
transmissivity and depth to water for 1973 and 1993 water are shown i
Appendix B. Saturated thickness is compared to percent of aquifer area in
Reach 3 which is predicted to be dry in Table 4. Average recharge is
approximgtely 2.65 in/yr which represents 8 percent of the totai average
precipitation of 33 in/yr. These data, along with the preceeding, is
summarized in the ground-wate# budget for Reach 3 as shown in Figure 17.
Prior appropriative pumping rights and water distribution summaries are
also shown in Appendix B. An allocation of 1.80 acre-feet/acre/year was
calculated for Reach 2.

Ground-water chemistry is summarized in Figure 18. The major
constitutents map in Figure 18 represent patterns of occurrence which can

be generalized for iarge portions of the study area.
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REACH 4

Reach 4, located between Alex and Lake Texoma in south-central
Oklahoma in Grady, McClajn, Garvin, Murray, Carter, and Johnston counties,
is described by Patterson (1984), Reach 4 was subdivided into three
subreachesj subreach A, subreach B, and subreach C. The area within the
Arbuckle Mountains was not included because the alluvium was either too
thin or absent.

The formations that underlie the Washita River allulvium in Reach 4
include the Goddard and Delaware Creek Shales of Mississippian agé, the
Dornick Hilis, Deese, and Oscar Groups of Pennsyluanian age, the Wellington
Formation, the Garber Sandstone, the Fairmont Shale, the Purcell Sandstone,
the Bison Shale, and the Duncan Sandstone all of Pérmian'age,‘and the
Antlers Sandstone of Cretaceous age. Of these formations, two are potential
aquifer units; the Garber-Wellington and the Antlers Sandstone, (see Figure 3.

The basin area in Reach 4 covers approximately 2,800 square miles of
ailuvial deposits. The average depth to water is 24 feet and the average
caturated thickness is 28 feet. The average permeability and transmissi-
vity are 1,180 gpd/ft**2 and 43,120 gpd/ft, respectively. Average depth to
water, saturated thickness, permeability, and transmissivity for 1973 and 1993 for
Reach 4 are shown in Table 1. Water‘tabie elevations, depth to water,
saturated thickness and transmissivity maps for 1973 and 1993 are aisd
shown for each subreach in Appendix C. A comparison of saturated thickness
and percent of aquifer area which is predicted to be dry for each subreach
within Reach 4 is presented in Table 5.

The average recharge.is approximately 4.41 in/yr which is 12.6 percent
of the total average precipitation of 34.9 in/yr. The auerageveuapotran-

spiration for Reach 4 is 30.3 in/yr. This data along with the preceeding
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data is summarized in the ground-water budget for Reach 4 shown in Figure
19. Prior appropriative pumpfng rights and water distribution summaries for
Reach 4 are shown in Appendix C. An average allocation of 0.99 acre-
feet/acre/year was determined for Reach 4. The method which is used

to calculate allocation for Reach 4 is shown in Table 4.

Various formations underlie the Washita River alluvium in Reach 4
(Figure 3). These formations affect the quality of the ground water found
in the alluvium. Ten ground-water quality analyses from the alluvium are
available in the Ardmore-Sherman Hydrologic Atlas (Hart, 1974), Total
dissolved solids ranging from 510 to 1,020 mg/1, average 319 mg/1.
Averages for each major constituents are as follows: calcium, 95 mg/1;
magnesium, 40 mg/1; sodium, 60 mg/i; bicarbonate, 44 mg/1; sulfate, 10
mg/1; and chloride, 50 mg/)1. #Anaiyses of the ground water—qﬁaiity in the-
Washita River alluvium north and south of the Arbuckle Mountaims are

documented and summarized graphically in Figure 20.
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RESULTS

Computer simulations were made for each reach and their subreaches
(except Reach 2) for a‘20-year period extending from 1973 to 1993 for
both prior appropriative and aliocation pumping. Pridr appropriative
pumping rates were determined using prior appropriative rights
established for each county prior to 1973.. Prior rights pumping for each
reach are shown in the appropriate appendix (except Reach 2. Prior
appropriative pumping simulations showed littie to no change in saturated
thickness from 1973 to 1993,

The maximum allowable allocation rate was found by adjusting the
amount of allocated pumping so that 50 percent of each modeled reach would
go dry by the end of the simulation period (20 years). The aquifer was
considered to be dry if the saturated thickness was 5.3 feet or Jess, AThis
was done onp a node by node basis. The pumping aiiocation rates were
distributed over a four month pumping period (Juné-September) with the
remaining eight months considered to be non-pumping.

The model results are shown by Reach as water budgets in Figures §, 17,
and 19 and by maps and graphs in the respective Appencices in the foliowing
order: |

(1) Prior Rights Pumping Maps

(2) Water Distribution Summaries

(3> Water Table Maps

(4) Depth to Water Maps.

(9) Saturated Thickness Maps

(&) Transmissivity Maps
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CONCLUSIONS

The allocation pumping rate forvthe Washita River alluvial aquifer
can be analyzed two wéys;veither by individual reach (Reach 1, 2, 3, and ®
or by a weighted allocation combinlng Reaches 1, 2, 3, and 4.

The wenghted allocation determined by combining Reaches 1, 2, 3, and 4
is 1.38 or approximately 1.4 ac-ft/ac/yr. The method used to determine
this weighted‘auerage allocation is shown in Table 7.

fhe Oklahoma Water Resources Board has elected to use a separate
ailocation proportioned for each al]uuiéf reach as follows:

Reach 1 (State line to Clinton, OK, Roger Mills and Custer Co.)}
2.0 Ac-fts/ac/yr. :
Reach 2 {Clinton to eastern edge of Washita County; Note: The
eastern portion of Reach 2 (Subreach B) is subject to the
allocations specified for the Rush Springs sandstone
aquifer,
1.5 Ac-ft/ac/yr.

Reach 3. ({(Anadarko, OK to Alex, 0KG§,~Caddo and Grady Counties)
1.5 Ac-ft/ac/yr.

Reach 4 Alex, OK to Lake Texoma; Grady, McClain, Garvin, Murra/
: Carter and Johnston Counties)
1.0 Ac-ft/ac/yr.

Ground-water pol]ﬁtion was considered to be negligible after twenty
vears of simulated pumping on the washifa River alluvial agquifer. Local
ground-water pollution may be found along séme areas of the Washita River
because of localized losing stream conditions. However, it is predicted
that the Washita River will generally remain as a gaining stfeam after
twenty years-of pumping; and therefore, induced ground-wafer pollution by

ground-water withdrawal is considered to be negligible in the future,.
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APPENDIX A

RESULTS FOR MODELLED REACH I
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AREA: WASA
RUN: A820827.2259

NODE AREA: 40 ACRES
PUMPING PERIGQD: 0.33 (FRACTION OF YEAR)

RETURN FLOW RATE: 15 PERCENT

NET PUMPING RATE: 85 PERCENT

SATURATED AREA AVERAGE  AVERAGE

THICKNESS (PERCENT SATURATED SPECIFIC

RANGE of AREA THICKNESS YIELD
(FEET) TOTAL) (ACRES) (FEET) (PERCENT)

50.0-- 60.0 0.6 120 52.6 26.6
60.0-- 70.0 0.6 120 67.6 26.6
70.0-- 80.0 0.2 40 71.0 26.6
80.0-- 90.0 0.8 160 85.3 26.6
90.0--100.0 0.4 80 93.2 26.6
100.0--110.0 1.0 200 108.3 . 26.6
110.0--120.0 5.8 1,160 116.9 26.6
120.0--130.0 9.2 1,840 124 .1 . 26.6
130.0--140.0 16.8 3,360 136.0 26.6
140.0--150.0 12.2 2,440 144 . 4 26.6
190.0--160.0 7.8 1.560 . 185.8 26.6
160.0--170.0 18.5 3,720 165.8 26.6
170.0--180.0 21.8 4,360 174.6 26.6
180.0--190.0 4.0 800 183.1 26.6

ALL RANGES 100.0 19,960 150.4 26.6

(TOTAL) (TUTAL) (AVERAGE) (AVERAGE)

DATA FROM:

A820827.2259 ALLOC=2.70AF/A: RATE=250GPD+.075; M=330:

AREA: WASA
RUN: A820827.2259
NODE AREA: 40 ACRES
PUMPING PERIOD: 0.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 85 PERCENT

WATER DISTRIBUTION SUMMARY,
JuULY 1, 1993

SATURATED AREA AVERAGE AVERAGE
THICKNESS (PERCENT SATURATED SPECIFIC
RANGE OF AREA THICKNESS - YIELD
(FEET) TOTAL) (ACRES) (FEET} (PERCENT)
G.0-- 5.5 49.9 9,960 4.4 26.6
5.5-- 10.0 3.8 760 7.6 26.6
10.0-- 20.0 19.4 3.880 15.7 26.6
20.0-- 30.0 18.4 3,680 24.3 26.6
30.0-- 40.0 6.8 1.360 34.5 26.6
40.0-- 50.0 1.6 320 42.8 26.6
ALL RANGES 100.0 19,960 13.1 26.6

DATA FROM:

STORED
WATER
(AC.FT.)

798,282
(TOTAL)

RIVER+1; R

STORED
WATER
(AC.FT.)

69,489

AB20827.2259 ALLOC=2.70AF/A: RATE=250GPD*.075; M=330; RIVER+1;

Water Distribution Summaries,

Subreach A, Modeled Reach 1.

ECH 3



AREA: WASB
RUN: A820902.0230
NODE AREA: 40 ACRES
PUMPING PERIQOD: 0.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 85 PERCENT
SATURATED AREA AVERAGE AVERAGE
THICKNESS (PERCENT SATURATED SPECIFIC STORED
RANGE OF AREA THICKNESS YIELD WATER
(FEET) TOTAL) (ACRES) (FEET) (PERCENT) (AC.FT.)
30.0-- 40.0 1.4 160 39.0 27.5 1,716
40.0-- 50.0 6.9 800 45.8 27.5 10,0758
50.0-- 60.0 6.6 760 55.1 27.5 11,522
60.0-- 70.0 7.9 920 66.2 27.5 16,744
70.0-- 80O.0 =~ 14.1 1.640 74.5 27.5 33,619
80.0-- 90.0 9.0 1.040 84.8 27.5 24,254
90.0--100.0 14.8 1,720 85.0 27.5 44,929
100.0--110.0 13.4 1.560 105.4 . 27.5 45,202
110.0--120.0 11.7 1.360 114.5 T 27.5 42,816
120.0--130.0 9.0 1,040 125.7 27.5 35,937
130.0--140.0 5.2 600 133.6 27.5 22,043
ALL RANGES 100.0 11,600 90.6 27.5 288,858
(TOTAL) (TOTAL) (AVERAGE) (AVERAGE) (TOTAL)
DATA FROM:

A820902.0230 ALLOC=1.75AF/A:RATE=313GPD‘.O75:M=330'RIVER*1:RECH 3.2

AREA: wWASB R
RUN: A820942.0230
NODE AREA: 40 ACRES
PUMPING PERIOD: 0.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 85 PERCENT
WATER DISTRIBUTION SUMMARY
JULY t, 1993 -
SATURATED AREA AVERAGE AVERAGE
THICKNESS (PERCENT ) SATURATED SPECIFIC STORED
RANGE OF AREA THICKNESS YIELD WATER
(FEET) TOTAL) (ACRES) (FEET) (PERCENT) (AC.F7.)
0.0-- 5.5 48.6 5,640 4.3 27.5 &,830
5.5-- 10.0 9.0 1,040 7.4 27.5 2,%23
10.0-- 20.0 19.0 2,200 14.0 27.5 8,459
20.0-- 30.0 8.6 1,000 23.8 27.5 6,541
30.0-- 40.0 5.2 600 35.2 27.5 5,800
40.0-- 50.0 8.6 1,000 43.8 .27.5 12,055
50.0-- 60.0 t.0 120 51.3 27.5 1,693
ALL RANGES 100.0 11,600 13.6 27.5 43,302
(TOTAL) (TOTAL) (AVERAGE) (AVERAGE (TOTAL)
DATA FROM:

A820902.0230 ALLOC=1.75AF/A:RATE=313GPD'.075:M=330;RIVER#1:RECH 3.2

Water Distribution Summaries,

Subreach B, Modeled Reach 1.




AREA: WASC
RUN: A820902.0311

NODE AREA: 40 ACRES
PUMPING PERIOD: 0.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 85 PERCENT
SATURATED AREA AVERAGE AVERAGE

THICKNESS (PERCENT SATURATED SPECIFIC STORED
RANGE OF AREA THICKNESS YIELD WATER
(FEET) TOTAL) (ACRES) (FEET) (PERCENT) (AC.FT.)
30.0-- 40.0 1.9 160 38.2 25.0 1,526
40.0-- 50.0 111 S60 45.3 25.0 10,861
50.0-- 60.0 4.6 400 53.6 25.0 5.359
60.0-- 70.0 4.2 360 65.4 25.0 5,888
70.0-- 80.0 4.2 360 74.9 25.0 6,742
80.0-- 90.0 5.1 440 84 .6 25.0 9,309
90.0--100.0 12.0 1,040 96. 1 25.0 24,988
100.0--110.0 30.1 2.600 105.4 25.0 68,513
110.0--120.0 21.3 1,840 113.4 25.0 $2.174
120.0--130.C 5.6 480 124 .2 25.0 14,905
ALL RANGES 100.0 8,640 92. 25.0 200.265
{TOTAL) (TOTAL) (AVERAGE) (AVERAGE) (TOTAL)

DATA FROM: )
AB20902.031t ALLOC=1.75AF/A:RATE=170GPD+.075:M=330:RIVER+1:RECH 3.4

AREA: WASC
RUN: A820902.0311
NODE AREA: 40 ACRES
PUMPING PERIQD: - 0.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 85 PERCENT

WATER DISTRIBUTION SUMMARY
JuLy 1, 1993

.............................................. B
SATURATED AREA AVERAGE AVERAGE
THICKNESS (PERCENT SATURATED SPECIFIC STORED
RANGE OF AREA THICKNESS YIELD WATER
(FEET) TOTAL) {(ACRES) (FEET) (PERCENT} {(AC.FT.)
0.0-- 5.5 50.0 4,320 4.7 25.0 5,034
5.5-- 10.0 8.3 720 8.0 25.0 1,441
10.0-- 20.0 28.7 2,480 14.6 25.0 9,031
20.0-- 30.0 6.5 560 25.3 25.0 3,539
30.0-- 40.0 5.6 480 33.8 25.0 4,053
40.0-- 50.0 0.9 80 41.1 25.0 - B22
ALL RANGES 100.0 8,640 1.1 25.0 23.919
(TOTAL)Y (TOTAL) (AVERAGE) (AVERAGE) (TOTAL)
DATA FROM:

A820902.0311 ALLOC=1.75AF/A;RATE=170GPD*.075;M=330:RIVER+1;RECH 3.4

Water Distribution Summaries,

Subreach C, Modeled Reach 1.



bt

"1 U2ESY PATPPON ‘v Wdeaaqng ‘gleT ‘T Arnp ‘dey a1qey zojep

Lispunog -—
HuSipaIY Juejsuo]y -

.
po08t

ANNIAIHOD
1= V 4980y pejepopy
J st sojw - ., . :
LN AN NEFL

0002 —
‘WOl i8A19)ul inojuod J

depy ejqel iejem V

* = le261) tenul ﬂ

NIl

t11144

Mzzy MeeH MyZH




R 21w ,'

Modeied Reach B

~= Constant Gradient
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—

Risw Risw
N
initial (1973) _ 1!
Water Tabie Map Il
contour interval 10ft. 1410
' Ti2N
1460

CLINTON

XRN

Modelad Reach ¢

—

Water Tabile Map, July 1, 1973, Subreaches B and C, Modeled Reach 1.
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R21wW

l
i R20w
Depth To Water l
Juiy 1, 1973 3! S
ZONE £.|t> 1 N
1 0-20 6 100-120 2z 415
2 20-40 7 120-140 3 13
3 40-60 8 140-160 g; 25
4 60-80 9 160 -180 . o
5 80 -100 10 180 -200 | 2 T14N
] { | 2
1
1 Eq .
2
2 3] 2 -
3 H1 —
| ; 3 vy
(2] 37 f—
HAMMON I 0 1 2
I miles
—e 1 '
- 1 Modeled Reach B
; ~ Constant Gradient
Samples min. 2 ft . Boundary
290 max. 91
avg. 15
R18w R17W R16W
1 2
l 2 2
2 j—L
1 2 1
Samples min. 6 . -
216 max. 55 5 1
avg. 19 j’J
2[3

Modeled Reach C

CLINTON

T12N

-~ -
-~ L -

Depth to water, July 1, 1973, Subreaches B and C,
Modeled Reach 1.
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R21W

|
i R20wW
Depth To Water l
July 1, 1993 8. 6
ZONE 2|0 2 N
38 3 4]6]7
1 0-20 6 100-120 Tz 5
2 20-40 7 120-140 $3 —
3 40-60 8 140-160 gl E
4 60-80 9 160 -180 : &
5 80 -100 10 180 -200 l 1 4 T14N
J S B 6
5
—
I 6 l 6 . e 5
6 | 7 -
S| 3 ® =
7817 1 —
—_ 5 p—
i L=
5 HAMMON | 0 1 2
_ 6 miles
— 5 !
- Modeled Reach B
L i
. — Constant -Gradient
Samples min. 45 ft — Boundary
290 max. 163
avg. 92
R18W RI17TW R18W
7
6
Samples min. 46 ft. (—ﬂ
216 max. 143 17
avg. 100 7
h—
T12N
- ' CLINTON
- 3 l: EEE
415
I Modeled Reach C

Depth to water, July 1, 1993,
Subreaches B and C, Modeled Reach 1.
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R21W : R20W
Saturated Thickness f
ZONE Juiy 1, 1873 3- S 23) 2t
d'y zohe é’iu i
m 0-58.5 Ei; -] 1 N
-l®
1 55-20 6 100-120 3 3
2 20-40 7 120-140 |
3 40-60 8 140 -160 .
4 60 -80 9 160 -180 ; 37 T14N
5 80 -100 10 180 - 200 5 Tl
7
L [
6 [5]
5 —
4 —
B 0 1 2 ’
- l miles
— 5 1]
- Modeied Reach B
— t Gradi
Sampies min. 38 ft. Storage — %"sézznd::yd”m
290 max. 137 ac.ft
avg. 91 288,860 -
Risw’ 5 ' R17W Ri6wW
15 .
; 5
6 g
Sampies min. 37ft. Storage — §
216  rmax. 128 ac.ft. :
avg. 93 200270 §
T12N
- |
— CLINTON
g S s b

E Modeled Reach C

Saturated Thickness Map, July-l, 1973, Subreaches B and C, Modeled Reach 1.
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R21W

R20wW

Saturated Thickness

ZONE July 1, 1993 8-6
: dry zone 2|0
o—ys.s ;;:
=
1 55-20 6 100-120 g,s
2 20-40 7 120-140 gl
3 40 -80 8 140 -160 .
4 60-80 9 160 - 180 [ T14N
5 80 -100 10 180 -200 m
3 R
2] i 2‘1
3
1 | K17 14
2 1 -
g- 4 | =
HAMMON |
I Modeied Reach B
-— Constant Gradient
Samples min. 0 ft. Storage — B
&c L oundary
290 max. 53
avg. 14 43307
Ri8w { R16wW
i
Samples min. 1ft. Storage
216 max. 41
avg. 11
T12N

CLINTON

Modeled Reach C

Saturated Thickness Map, July 1, 1993, Subreaches B and C, Modeled Reach 1.
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R21W

R20w
Transmissivity .
gpd/ft 8‘ .

ZONE ‘2'3' N
. 0 -2500 6. 20-30,000 §-: ;
2 25- 5000 7. 30-40,000 ;‘s 1
3. § - 7500 8. 40-50000 §° Initial (1973) | °
4 7.5-10000 g 50- 60,000 ! !
§. 10-20,000 10. 60~ 70,000 | = ?i ! 6 T14N |

s 1 6l '[8]7
6] L 617
4 _
6 L—14s 15 6 @ 7

’_l7f 71 82 [6] .

8 . 7 El -

Bl o 8 51319 1=

6| [8]9 7 6/7] -

s |18 ] ‘ g =

7 g —

s S

A Vi HAMMON | ) 1
| 7] i mifes
s ks .
-l i Modeled Reach B
— Constant Gradient
Sampies min. 4,603 — Boundary
290 max. 62,841
avg. 28,800
R18w — R17w R16wW
5
3( 4

Sampies min.
216

2800
max. 38,167
avg. 19,627

ARA

CLINTON

Modeled Reach C

Transmissivity, July 1, 1993,'Subreaches B and C, Modeled Reach 1.
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R21W

R20wW
Transmissivity - A
A gpd/ft 0" .
ZONE ";’ig‘ N
1 0-250 6.20-30000 I
2. 25- 5000 7. 30-40,000 ;’ §
=4
3. 5 - 7500 8. 40- 50,000 g Final (1993)
4. 75-10,000 9. 50~ 60,000 .
5. 10-20,000 10. 60 - 70,000 | — T14N
713 33 !
] 2
2
[1]- L
HAMMON 0 1 2
. [ e
.miles
Modeled Reach B

— Constant Gradient

Samplu min. 248 — Bounda'y

290 max. 14,039

avg. 3,695
R18wW R17W R16wW
l 1
Sampies min. 187
216 max. 11075
avg. 2389
T12N
= l CLINT
- 2 NN
— 2
4]
‘ Modeied Reach C




Prior Rights Pumping......

Water Distribution Summaries...ceeseses .

Depth o Water..sieiiivavssncnnnnsnsnan e ene

Saturated Thickness.vevsvsans s rressstaaaan e

TransmissivVity e e ennnes Cereaaseaeas s rreas
B-1i

APPENDIX B

RESULTS FOR MODELLED REACH 3

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

Page

B-4 - B-5
B~& - B-?

B-8 - B-9




. ohan

*€ yoedy POTIPOR

¢3utdwung s31Y3Ty 10T1d

ROV NNALE QN DOVIY ABN $44 (=HIJE OGN0 12I01IT  LSE1 VOBOCEY nOB4 Vvl

& o 1 o orr v1ar ronus
& o 4 o ”%r rhev JulblNd
a0 JoveiAyY Lo tEl. ] ‘.‘-l_l $Adrvs
W/iv Q4 o 0 w/av 0op --0 6 L
W/IWO -0 P § WNOP-OL G
Wy o€ -0 ¢ ¥WAOL 01 €
VN oL 40 £ ¥/w40-00 b
LI

OMIdRNE BLHDIW HOIN4

B2



AREA: WASH
' RUN: AB30601.1857

NODE AREA: 160 ACRES
PUMPING PERICD: ©.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 1S PERCENT
NET PUMPING RATE: 85 PERCENT
SATURATED AREA AVERAGE AVERAGE

THICKNESS (PERCENT SATURATED SPECIFIC STORED
RANGE QF AREA THICKNESS YIELD WATER
(FEET) TOTAL) (ACRES) (FEET) (PERCENT) (AC.FT.)
20.0-- 30.0 1.8 1,280 24.4 21.2 6,398
30.0-- 40.0 6.4 4,480 36.5 20.1 33,017
40.0-- 50.0 9.1 6.400 46.0 20.3 59,499
50.0-- 60.0 14.3 10,080 54.9 20.9 115,780
60.0-- 70.0 21.4 15,040 65.2 i9.8 194,467
70.0-- 80.0 22.3 15,680 74.1 21.0 244,297
80.0-- 90.0 16.6 11,680 84.4 20.9 205,504
80.0--100.0 5.9 4,160 893.8 18.5 72,415
100.0--110.0 2.3 1,600 104 .3 18.8 31,373
ALL RAMNGES 100.0 70,400 67.1 20.4 962,758
(TOTAL) (TOTAL) (AVERAGE) (AVERAGE) (TOTAL)

DATA FROM:
AB30601. 1957 ALLOC=1.60,HOMO,RECH=7 1FPS,NEW ALLOC,NO RIVER_INFLOW

AREA: WASH
RUN: A830601t. 1957
NODE AREA: . 160 ACRES
PUMPING PERIOD: 0.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 85 PERCENT

WATER DISTRIBUTION SUMMARY
JULY ¢, 1893°

SATURATED . AREA AVERAGE AVERAGE .
THICKNESS (PERCENT ’ SATURATED SPECIFIC STORED
RANGE OF AREA THICKNESS YIELD WATER
(FEET)}  TOTAL)  (ACRES) (FEET) (PERCENT) (AC.TT.;
0.0-- 5.5 52.0 36,640 4.8 $.3 36,723
5.5-- 10.0 45.3 32,320 6.0 19,5 37,336
10.0-~- 20.0 0.7 480 14.2 2.1 1,482
20.0-- 30.0 1.4 960 25.0 20.9 5,017
30.0-- 40.0 0.0 ) . 0
40.0-- 50.0 0.0 ) , 0
ALL RANGES 100.0 70,400 5.7 . 20.4 80,558
(TOTAL) (TOTAL) {AVERAGE) {AVERAGE) (TOTAL)

DATA FROM:

AB830601. 1957 ALLOC=1.60,HOMO,RECH=71FPS ,NEW ALLOE,NO RIVER INFLOW

Water Distribution Summaries,

Modeled Reach 3.
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Prior Rights Pumping,
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AREA: SCWA
RUN: A830730.0842

NODE AREA: 160 ACRES
PUMPING PERIQD: - 0.33 (FRACTION OF YEAR)
'RETURN FLOW RATE: 15 PERCENT
NET- PUMPING RATE: 85 PERCENT
SATURATED AREA AVERAGE AVERAGE
THICKNESS (PERCENT SATURATED SPECIFIC STORED
RANGE - OF AREA THICKNESS YIELD WATER
(FEET) TOTAL) (ACRES) (FEET) (PERCENT) (AC.FT.)
10.0-- 20.0 9.3 5,120 17.3 25.7 22,752
20.0-- 30.0 i5.7 8,640 24.9 25.7 55,353
30.0-- 40.0 33.0 18,240 35.3 25.8 166,335
40.0~-- 50.0 27.8 15,360 44 .5 25.8 176,418
50.0-- 60.0 11.6 6,400 54.4 25.89 90,312
60.0-- 70.0 2.6 1,440 63.1 25.8 23,460
ALL RANGES 100.0 55,200 37.5 25. 534,631
(TOTAL) (TOTAL) (AVERAGE) (AVERAGE) (TOTAL)
DATA FROM:

AB830730.0942 RUN 2OYR,ALLOC.882.RIVER-20.FT.RATE=7.1E-6,QRE=4.41IN/YR

AREA: SCwa
RUN: A830730.0942
NODE AREA: : 160 ACRES
PUMPING PERIOD: 0.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 85 PERCENT

WATER DISTRIBUTION SUMMARY
JULY 1, 1993

SATURATED AREA AVERAGE AVERAGE
THICKNESS (PERCENT SATURATED SPECIFIC STORED
RANGE OF AREA THICKNESS YIELD WATER
(FEET) .TOTAL) (ACRES) (FEET) (PERCENT) (AC.FT.)
0.0-- 5.5 50.7 28,000 5.2 25.8 37,296
5.5-- 10.0 19. 1 10,560 7.4 25.8 20,272
10.0-- 20.0 25.5 14,080 13.7 25.9 49,867
20.0-- 30.0 4.6 2,560 23.2 25.9 15,383
ALL RANGES 100.0 55,200 8.6 25.8 122,818
(T0oTAL) (TOTAL) (AVERAGE) (AVERAGE) (TOTAL)

DATA FROM:

AB30730.0942 RUN 2OYR.ALLOC.882.RIVER-20.FT.RATE=i.1E-6.QRE=4.4fIN/YR

Water Distribution Summaries,

Subreach A, Modeled Reach 4.
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AREA: sCwB
RUN: AB30725.2308

NODE AREA: 160 ACRES
PUMPING PERIOD: 0.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 85 PERCENT
SATURATED AREA AVERAGE AVERAGE

THICKNESS (PERCENT SATURATED SPECIFIC STORED
RANGE OF AREA THICKNESS YIELD WATER
(FEET) TOTAL) (ACRES) (FEET) (PERCENT) (AC.FT.)
10.0~-~- 20.0 0.3 160 19.7 30.0 946
20.0-- 30.0 8.0 4,960 27.2 30.0 40,511
30.0-- 40.0 33.3 18,400 35.6 30.0 196,24 14
40.0-- 50.0 33.9 18,720 43.9 30.0 246,357
50.0-- 60.0 14.2 7.840 53.5 30.0 125,874
€0.0-- 70.0 3.2 1,760 63.0 30.0 33,256
ALL RANGES 93.9 51,840 .0 643, 185
(TOTAL) (TOTAL) (AVERAGE) (AVERAGE) (TOTAL)

DATA FROM:
AB830725.2308 RUN 2OYR,ALLOC1.14,RIVER-10..RATE=9.265E'9.QRE=4.7SIN/YR

AREA: scws
RUN: A830725.2308
NODE AREA: © 160 ACRES
PUMPING PERIOD: 0.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 85 PERCENT

SATURATED AREA , AVERAGE AVERAGE
THICKNESS (PERCENT SATURATED SPECIFIC STORED
RANGE OF AREA THICKNESS - YIELD WATER
(FEET) TOTAL) {ACRES) (FEET) (PERCENT) (AC.FT. 5
0.0-- 5.5 47.8 26,400 4.7 30.0 37.003
§.5-- 10.0 25.2 13,920 7.1 30.0 29,555
10.0-- 20.0 16.2 8,960 13 .14 30.0 35,087
20.0-- 30.0 4.6 2,560 22.5 30.0 17,267
ALL RANGES 93.9 51,840 7. 30.0 118,913
(TOTAL) (TOTAL) (AVERAGE) (AVERAGE) (ToTAL)

DATA FROM:

AB30725.2308 RUN 2OYR,ALLOC1.14,RiVER-10..RATE=9.2GSE—S.QRE=4.7SIN/YR

Water Distribution Summaries,

Subreach B, Modeled Reach 4.
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AREA: SCWC
RUN: A830726.2210

NODE AREA: 160 ACRES
PUMPING PERIOD: 0.33 (FRACTION OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 85 PERCENT
SATURATED AREA AVERAGE AVERAGE
THICKNESS (PERCENT SATURATED SPECIFIC STORED
RANGE OF AREA THICKNESS YIELD WATER
(FEET) TOTAL) {ACRES) (FEET) (PERCENT) (AC.FT.)
5.5-- 10.0 0.6 320 8.6 32.0 881
10.0-- 20.0 14.2 7,840 16.3 32.0 40,785
20.0-- 30.0 24.6 13,600 23.6 32.0 102,765
30.0-- 40.0 11.6 6,400 34 .1 32.0 69,885
40.0-- S0.0 9.3 5,120 45.9 32.0 75,142
50.0-~ 60.0 10. 1 5,600 55.4 ©32.0 89,310
60.0-- 70.0 8.1 4,480 64.8 32.0 92,851
70.0-- 80.0 2.0 1,120 73.4 32.0 26,298
ALL RANGES 80.6 44,480 35.7 32.0 507.927
(TOTAL) (TOTAL) (AVERAGE) (AVERAGE) (TOTAL) .

DATA FROM:
AB30726.2210 RUN 20YR,ALLOC1.2 ,RIVER-3,RATE=9.8E-9,QRE=5.00IN/YR

AREA: SCwWC
RUN: A830726.2210
NODE AREA: . 160 ACRES
PUMPING PERIOD: 0.33 (FRACTICON OF YEAR)
RETURN FLOW RATE: 15 PERCENT
NET PUMPING RATE: 895 PERCENT

WATER DISTRIBUTION SUMMARY
JULY t, 1993

SATURATED AREA AVERAGE AVERAGE :
THICKNESS (PERCENT A SATURATED SPECIFIC STORED
RANGE QF AREA THICKNESS YIELD WATER:-
(FEET) TOTAL) (ACRES) (FEET) {PERCENT) (AC.FT.)
0.0-- 5.5 40.6 22,400 4.8 32.0 32,412
5.5-- 10.0 12.2 6,720 6.3 32.0 13,643
10.0-- 20.0 8.1 4,480 15.3 32.0 21,997
20.0-- 30.0 16.2 8,860 24.2 32.0 69,343
30.0-- 40.0 3.5 1.920 32.3 32.0 19,872
ALL RANGES 80.6 44,480 11.0 32.0 157,267
(TOTAL) (TOTAL) (AVERAGE) (AVERAGE) (TOTAL)

DATA FROM:
AB830726.2210 RUN 20YR,ALLOC1.2,RIVER-3,RATE=9.8E-9,QRE=5.00IN/YR

Water Distribution Summaries,

Subreach C, Modeled Reach 4.
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1] 1]
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~>| (9] ol | I1 Boundary
— 1 ]
- 2| 1(oj2
3] _[o] 3|2 3
1] | o] IEIEIE
1 2
2 11§ 0 - . $
o & E1 N
T3N o 4o
. 1 _ ‘
R , 2; g .
Depth to Water E ;
_ _ ; .
“duly 1, 1878 — E _.E
—_— - ?
Zonq .
; _
6. 0-20 & 100-120 el o
4 20-40 6 120-140 — &1 '
Ta2N 2 40-60 7 $1406-160 3 - Carvin Ca.
3 60-80 B8 1606-180 it e'a 2! — —— -y-c:..._
4 80-100 & 11806-200 o L1 Murra
3 A
?g %
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Max 108 it 5
TiN Min (1] %% -
2|3} E - 3{
il 2 | L )
o 1
B 5
2 K 2]
"1_‘ K| 3
o P
Garvin Co. ?;Eﬂ
wurray Co. 1l 4

Depth to water, July 1, 1973, Subreach B, Modeled Reach b,
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2090 7
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'T2N 2 40-60 7 140-160
3 60-80 8 180-180
4 80-100 § 180-200
Samples 324
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3] - 5
o 2.5 4 S L
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Depth to water, July i, 1993, Subreach B, Modeled Reach 4.
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Saturated Thickness Map,
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July 1, 1973, Subreach B, Modeled Reach 4.
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Saturated Thickness Map,

July 1, 1993, Subreach B, Modeled Reach 4.
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July 1, 1973, Subreach B, Modeled Reach 4.
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