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Project Titlie: Evaluation of Aquifer Performance and Water Supply
Capabilities of the Enid Isolated Terrace &quifer In Garfield Qounty.
Oklzahoma ‘ .

Br.usml_lnnuua;u. Douglas C. Kent, Prof‘essor. Departmenf of

. Geology, Oklahoma State University.

Institution Funded: Oklahoma State University
Supmary: The objective of this research was to determine the maximum

annual yield of fresh water that can be produced from the Enid Isolated
Terrace Aquifer in Garfield County, Oklahoma. The determination of

maximum annual yield was based on criteria established by Oklahoma

ground-water law (82 Oklshoma Statutes Supp. 1973, Paragraph 1020.1 et

seq) using computer simulation of all prior appropriative and subsequent
allocated pumping over tﬁe entiré aquifer area for twenty years (July 1,
1973 to July 1, 1993). |

The combined maximum annual yield is 19,000 acr,e-.-fe‘et proportioned
as 0,50 acre-feet per acre over the. total area., This was based on the
" following parameters: (1) the total land area overlying the Enid
Isolated Terrace Aquifer is 52,000 acres (excluding surface water), (2)

the amount of water in storage in the basin as of July 1, 1973 is

261,000 acre-feet, (3) the potential amount of water in storage plus

return flow over the twenty-year’ lifé of the basin is 470,000 acre-feet,
(4) the estimated rate of net recharge from rainfall is 2.'.30 inches per
year and the assumed irrigation return flow rate is 25 percent, and (5)
the initial év'erage transmissivity is 9,500 gallons per day per féot and
the average specific yield of the alluvium is 0,30. Iﬁ addition, the
predicted water table of July 1, 1993 .indicates that the possibility of

natural pollution due to ground-water withdrawal within the Enid Terrace



deposits is negligible, -
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IRTRODUCTION

én a
~ The ;:aT;jective of the study was to determine the maximum annual .
y'ieldr ;af fresh water that can be.produced from the Enid Isolated Terrace .
depr;sits of the Cimarron River im Garfield County, Oklaho;na; Under 82
Oizlahoma Statute Paragraphs 102Q.4 and 1020.5, enacted by the Oklahoma
Legislature, the Oklahoma Uater Resources' Board is responsible for
completing hydrologic survefs,of each fresh ground-water basin or
subbasin w_ithin the state of Oklahoma and for deterfnining a maximum
annual safe yield which will provide a 20-year mininum 1Iife.for each
basin or subbezsin,
The maximum annuzl yield of each fresh ground-water basin or
subbasin is based upon a minimum basin or su‘obasin. li;fe for 20 years
from the effective date of the ground-water law (July l, 1973). An

annual -allocation, in terms of acre-feet, 1s determined based on the

maximum annual yield and is restricted to the aquifer area.

" Location

The study area is located in the western half of Garf;eld County, -
in Worth Central Oklzhoma. -‘The location of the Lnid Isolated Terrace
Aquifer is shown in Figuré 1. T.-he aquilfer extends ove:r.: 52,000 acres in
Garfield County =znd has zn areal e::.tent of 81‘sqﬁare miles.

Boundaries of the Enid Isolated Terrace Aquifer are controlled
geologically, - In the esstern half of the area, the boundary is defined
by the Hennessey group - Quaternary, terrace confact. The Qedar Hills

Sendstone Formation - Quaternary terrace contact delineates the boundary
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in the western hzalf of the area.

Previous Work

Gould (1905) condﬁcted'a broad study of the water resources for the
State of Oklahoma.- Brief mention was‘made of the ground-ﬁa;ef resources
of-Garfield Cbunty and pertinent published well records were Eﬁéiu&ed.'
Terrace deposits located along the Cimarron River and‘théir natﬁfe were
also discussed; | ‘

Schwénnesen (1914) mapped and described the unconsolidated
“Tertiary age” deposifs sﬁrfounding Enid and made sévefal_coﬁclusions

.¢concerning théi¥ éround-water patential. Publishéd well records and
logs were included as well as a prelﬁninary geologic maﬁ:- Welllspacings
and general recharge were discussed. :

Renick (1924) followed Séhwenﬁegen's investigation with a more
comprehensive ;tudy of the Enid Terrace defositq. A dét;iled analysis
of the Terrace material as to lithology, oriéin. and thickness was
undertaken and recommendations £6r fufure municipal well sites were

- made. |

Clark (1927) mapped the Enid Terrace deposit along with the Permian
bedrock ﬁnits. In this studf the.Cedar Hills Sandstone Formation was
identified as ghe Duncan Sandstone Formation of the Enid Group} |

Reed (1952) proceeded with an extensive geologic, h&drologic study
of a 600 square mile area ioéatéd 5 miles soﬁthwest of the Enid Terrace
deposits, A detailed geologic analjsis of the Quaternary deposits and
Permian strata was undertaken and published aquifer test data, well
logs, and water quality data vere included. The purpose of the study

was to determine the occurrence, quantity, and quality of the



ground-water resources found in the area and to analyze the effect of
water _withd:awé.ls from the deposits, - Reconﬁmen:dations_ﬁ_-rere made.as to

‘the future development of these déposits with respect to irrigation,

industrial, and municipal éupplies. Because of the proximity of this

investigation to the Enid study area and because of similar lithologies

present, this ;:eport has been extensively used in the present analysis

of the (Enid Terrace deposits).

in his study of Blaine and Major Conties, Fay (1962, 1965)

describes many of the units found within the Enid study area. The Cedar -

Hills Sandstone Formation is classified by Fay as being uppermost in the
Hennessey Group. Later Fay (1972) classifies the Cedar Hills Sandstoﬁe
Formation as the lowermost formation of the El Reno Group. Information
regarding climate, land use, and socio-economlic information is also

described in this report.

Bingham and Bergman (1980) described the ground' and surface water

resources of the Enid Quad_rémgle. The description includes ground-water
quality, po‘tential well yield, hydrology, and éeology of the Enid area.
Kent (1978, 1980) studied the alluvium and terrace deposits along
the North Fork of the Red River for water supply capability. Kent used
the 1974 computer model version developed by the Unite.d States
Geological Survey (USGS) to determine maximum annual yield and annual
allocations for those aquifers. Many of the hydrogeologic a:;d modeling
techniques used by Keuf; (1980) wefé vsed in this inmvestigatiomn.
Bredehoeft and Pinder (1973) and Pinder (1970) designed a basic
mathematic model to simulate two-dimensional aquifer problems. This
model has been modified several times and described by Trescott, Pinder,

" and Larson (1976). ' Witz (1978) developed new input~output options for




the IBM 370~158 computer, The 1974 version of this model developed by
the United States Geological Survey plus the latter modifications were

used in the study.



. GEQLOGY

The Enid Isolated Terrace Depos:.ts are located on the northern

-s‘nelf of the Anadarko Basin and w:.l:h:Ln the Central Red—bed Plains
geomorph:.c province of Oklahoma (Johnson. 1972) The topography within B
] this geomorphic province can be descrlbed as red Perm:.an shales and

sandstones that form gently rolling hills and broad, almost flat plams. |

These Permian- shales are overlain by Quaternary terrace depos:.ts, which

form the topograph:.c highs .in the northern corner.

Reed (1952) notes that the Terrace ~deposits form a topographic

feature that is not readily discernible more than two miles from the
Cimarron River. Their full topographic expression has been obscured by

subsequent erosion and dune formation. The geologic exposures in the’

area range in age from Lower Permian to Quaterna;:y'. with the Quaternary
sediments lying unconfo_r_mably on Poﬁuian bedrock..

The Permian units are classified as the Honne'ssey Group. and the El
Reno Group.of the Cimarron Series. The Hennessey Group consists of the
Kingman Formation, Salt Plains Formation, and the Bison Formation
(Figure 2),

The Kingman Formation, which is’ the ol_des.t: of the femian units,
underlies the Terrace deposit and delineates the ‘éasternmost.boundary of
the study aroa. It is orange-brown to greenish-gray, fino-grained
sandstone.and siltstone, ﬁioh some red-brown shale. Morton (198'05
describes these shales as having thicknesses up _Ito 70 feet thick.

The' Salt Plains Formation is younger than the Kingman Formation and
delineates the north-central and south-central boundaries of tﬁe Enid

Terrace aquifer, It is characterized by a red-brown siltstone with

-----------------
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several thin layers of greeniﬁh-gray and orange-brq;m calcitic
siltstone. |

The BisAon Formqti.'on. which 15 '_uppermost and youngést in the
Hennesse} Group; is ﬁaiﬁly a red-brown shale, with interbeds of
greenigh-gray and orange-brown calci_ti.c siltstone present..  The maximum
thickness of the formation is 120 feet.

The Cedar Hills Sandstone Formation of the El Reno gr_:ouhp rests
conformably on the Bison Formation and underlies ;;he Terrace material as
& channel deposit in the western half o'f“the study area, The
northwéstern. southwestern, and western b'oundarigs of the aquifer are
delineated by the Cedar Hills - Quaternary -terrace contact. Th;e Cedar .
Hills Sandstone Formait'ion is a friable, well sorted, orange-brown l;o
greenish-grey, fine grained célcitic sandstone. OGrain size varistions
occur throughout the area. Siltstones and some soft red-brown shale
units have also been recognized. ‘ .

The Quaternary sediments vary considerably over the stuéy area.
These sediments are primarily composed of discontinuous layers tlaf clay,
sandy cléy. sand, and gravgl. The ;sand and gravels generally are not
well sorted, although in the southeastexn part of‘the area the Lower
Quaternary material is extemely'weil sorted where_it overlies the
Permian_-formations. Color of the Terrace materials vary laterally and
vertically within the deposits. The lower portion of the. TerracAe
deposits ar..'je typically ;:oarser grained, The Terrace materials which are
dire-ctly in contact with the'- Permian bedrock contain rounded, reworﬁed
clasts of the Lower Permian units, varying in size from pebbles to
coﬁbles. The Lower Quaternari m.ateri.al may also take on the

characteristic calcitic nature of the underlying formation and may be



difficult to differentiate from various Permian.units in the area.

The distinction between éhe Terrace deposits and the Permian Cedar
Hills Sandstone Formation has been made extremely difficult due to poor
gell records and similar ch;racteristica in lithology. However,

discrete color changes as well as grain size may be used as criteria for

differentiation where gravel deposits of the Lower Quaternary material

occur at the unconformable boundary. The thicknesg of the Terrace
deposits éhange radically within the areé due to the eroded Permian
bedrock surface forming a channel which was subsequently filled by
- Quaternary deposits. The average thickness for the Quaternary age
material is sixty feet.

The Terracé material can be separated info threé distinct
localized, geomorphic areas based on the topographic expression found in
the area., The northeastern and southwestprn.régions_can be
characterized as a relatively fla£ area which has not been altered by
extreme erosion or aeolian processes. Sands in this area thin toward
the edge of the terrace deposits. Heavily incised, dendritic drainage
systems prevail over the southeastern ;nd north-central portions of the

area. Permiazn units can be found in the stream beds and thicknesses of

the Terrace material are extremely variable depending on location.
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HYDROGEOLOGY

General

The Enid Isolated Terrace Aquifer is an unconfined system; the
upper boundary of the aquifer is.fqrﬁed,.by the water-table and the lower -
boundary by the seminermeable Henﬁessey Group. This condition is
displayed in Figures 3 and 4, - The water‘-table gener_élly follows the
tc;pography of thé area and subsurfaqe flow is predominatly from the
northwest to the southeast, .The' w;ter-table gradient is fairly low
except in ;:he proximity of the aquifer boundary where seeps and ai:rir_ags
are associated with steeper gradients.

.The Terrace deposits and Cedar Hill Sandstone have been treated as
an undifferentiated squifer where they are in contact 'w:'.th each other.
Although geologic time and environments of deposition most assuredly
have differed in the laying down of‘these sediments, hydraulically they
are very similar and together they make up the western half of the Enid
Terrace déposits. |

Morton (1980, 1981) recogﬁizgd the Cedar Hills Sandstone Formation
as having aquifer potential., In areas to the northwest of the study
area, this unit has been used as a grd'imd-watéf source; however, wells
ip that area were later sbandoned due’'to the heavily mineralized quality

of ground-water.

Climate
Climate of the Red~Bed Plains region of north-central. Oklshoma is
continental, temperate, and subhumid. The mean annual temperature at

Enid is 60.8°F (Swafford, 1967). Ihé average annual precipitation of

10
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1950-1979 1is 31.11_incheé. with May, June, and September having the
greatest concentration of frecipitatioh. Annual and monthly
precipitation for the City of Enid are presented as graphs in Figures 5

and 6,

¥ supp] 1 Irri .

Ranching, farming, atd oil refining are the.three main iudustries;:

Wheat, oats, barley, grain sorghum. ‘and alfalfa are the dominant cropa
' grown wihin the area. Pasture grasses are grown during the fall,
spring, and summner mtnths.__ .

‘Farm cultivation taﬁes place in those are#s devoid of aeolian dunes
and not deeply incised by the dendritic drainage of the aréa. Tbe
greatest comcentration of cultxvatlon occurs in the west-central,
southwestern. east -central, and northeastern parts of the study area.
The irrigation period for the above mentioned crops is June through
September.

The City of Enid makes up the greater portion of the'south-central
portion of the study area. Enid, with a population of 45,000, is
characterized by one-family dwellings with light industry interspetsed
throughout this region. |

The main source of water ‘for the City of Enid is from municipal
wells located in the isolated_terrace and also from wells.ltcated on the
Cimarron terraces southwest of Enid. Of the 90 wells used for data

- collection, fifty percent of these were municipal wells used by the City

of Enid.A
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PRECIPITATION IN INCHES

]

Figure 6. Monthly Precipitation at Enid, Oklahoma 1950-1979
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_Prior.rights pumping is the .rig]n;. ‘establi.shéd by Fhe,State of
Oklahoma for 1'a;nd0§r;1ers who ha‘vé f:um;')ed -grch;t;nd-wéterrprior to July 1,
1973 at a rate for whic'h a beneficial use can i:e shown..- Fiﬁai prior
rights pumping rates (acre ft /year) were acqu:.red from the Oklahbu:n.al

.'.-ater Resources Board. These rates were ass:.gned to nodes with respect

to their quarter-mile location and are shown .in F:Lgure 7.

Recharge is the major source of water to the aquifér in the area.
Due to the sandy nature of the area a high infiltration rate can be

expected. The recharge rate will vary depending upon many factors:

16

rainfall intensity and duration, vegetation, soil type, permeability of

ur.saturated zone, temperature, wind, topbg:.'aphy‘. a;nd depth .to
t-rate;:-table. . |

A value of 2 3 inches per year of rechar'?e has been calculated for
_the area basea on well hydrographs and prec:.p:.tat:.on hydrographs. The
average annual rainfall for the area has been established at 31.11
inches per year as shown in Figure 5. The percentage of rainfall
recharging the aquifer through j.nfilt_ration and percolation has been

estimated to be seven percent of tlie average annual rainfall. This

estimate is based on well hydrographs and .precipitation recerds for the

area (Figure 8). The~céicula;tion of this recharge percentage is shown
in Table 1. _The percentage of rainfall as recharge for each given year
was calculated bf dividing the estimated recharge using the hydrograph
by the total rainfall for the year. The seven, percent estim:ate

represents an average value which was determined by averaging the
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TABLE 1

CALCULATION OF GROUND-WATER RECHARGE AND
RELATIVE PERCENT OF ANNUAL RAINFALL

Change in Water

Percent of

Table (inches) Ground-water Total Rainfall- Rainfall as
(From well Average Specific Recharge for Year Ground-water
Year hydrograph) Yield (Sy) {(inches) (inches) Recharge
1950 4,2 X .295 = 1.2 . 28,8 ij.z
1951 7.8 x 295 = 23 32.8 X
1952 9.6 x .295 = 2.8 18.5 15.3
1953 2.4 x .295 - g 25.8 2.7
1954 5.8 X .295 =17  18.8 9.1
1955 5.1

5.5 X : .295 = 1.6 . 32.1

Mean Percent as Recharge

1.2

6T
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percent of rainfall for the years between 1950 and 1955.

Subsurface Recharge

Subéurface recharge to the aquj.fer. represents a ninor, yet
significant elewent in mai'utair.aing 'aquifel;' équilibx;iﬁm. The subsurface
flow is moét prevalent in‘ the _we‘ste‘rn half:'ﬁf ‘ti{e area where -the Cedar
Hills Sandst.OJ.le-.I;“t::'rmation is adjacent to and in hydraulic continuity

vith the Quaternary terrace depdsits.

Q EE- * ; EE };]-

Under normal conditions, aquifer test data are used to determine
the coefficient of permeability and related transmissivity values for

the study area. Unfortunately, aquifer-test data are unavailable for

the 90 wells located within the area. Therefore, an indirect method was"

used to generaté thé coefficient of permeability and transmissivity
(Kent et; al. 197‘_3). Informéi:ic’:n related to thickness and _1it‘nol—rogy of
the Terrace deposit was obtained from drillers logs of the 90 wells.
The lithology is divided into four ranges: range one is associated with
clay and silt; range two is very fine to fine sand; range three is fine
to coarse sand; and range four is associated with coarse sand and
gravel. A weighted average permeabil'ity was introduced by multiplying a
veighting factor for the four size ranges by the percentage of- saturated
thickness for each range and summing up the total for all the ranges.
The method is described for selected wells within t'he study area in

Tzble 2. The weighting factors for each range were obtained from the

coefficient of permeability grain-size envelope developed by Kent et,

21, {1973) as shown in Figure 9,

L ATy IR e Ty = e -

20



TABLE 2 o
CALCULATION OF WEIGHTED COEFFICIENT OF PERMEABILITY (K)

Saturated ' " Coefficient of

Location Helt Thickness . ' Mitiplier Transmissivity
of Well . Log From To {sT) Range {K) . (T1=ST-x K)
) ft. Tt. ~Tt, gpd/Tt’
SW SE SE 28 21§ -2 Sand . 0 10 0 '
B} Clay, gray 10 15 0 )
Clay, sandy 15 _26 0
Sand, fine 20 35 1 , 2 © 38 . < 3,300 .
Clay, sandy 35 40 5 1 - 5 ) 25
sand, Coarse 40 60 20 4 1,500 30,000
Red beds 60 o= ] i
' 1 - I 1

Welghted K = ET_ = 33325 » 925 gpd f£2
g e 5 T gpd/

T
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Figure 9, Coefficient of Permeability vs. Grain Size-
Envelope (after Kent, 1973).




In an attempt to ascer;ain that these values of permeability and
tfansmissivity_were corrﬁbt for the envelope, (Figure 9) an analysis was
ruc on several wells completed in the Cimar?on River terraces outside
the study qr;g (Reeﬂ 1952j.' Aquifer test da;a ap&'vetf pomplgterwell
logs ﬁefe availﬁble'fof selectéd weils. The iiggology Bflthese wells

was very similar”to-thdse'encountered in the Enid area. A comparisom of

23

these two methods is shown on Table 3, Kent's envelopermethod was shown -

to be very accurate in aécertain;ﬁg triﬁamissivity agd pérméabiiities
when qompare&_with aquifer tést daﬁa.- Using thése techniﬁﬁes.
transmissivity values were ;omputed for the area and are shown in Figuré
10. The avefage_transmissivity was compﬁﬁed fo be.9.500 gpd/ft.

: Twﬁ average values of permeabilify (Transmissivity x satur#te§
thickness) were agﬁigned to the Enid Terrace deposits-based on

subsurface geologic interpretation. These are shown in Figure 1ll. The

Permian surface represents a highly eroded, unconformsble surface. The -

extent of the Cedar Hills Sandstone Formation is based omn the well log
data and discussion# with Fay (1981) and Morton (1981). A chanuel £ill
of Cedar Hills Saﬁdstone appears to exist in the mid-western portion of
the study area, This channel £ill is included with the Terrace deposits
because the ;andstone is friableiand ;hefefore difficult to separate
_from the Terrace deposits. Based on wells which.peﬁetrate the channel;
the sandstone is in hydraulic continuity with the Terraceideposita. The
Achannei £ill underlies the thickest sections of Quaternary terrace
material. Permeability as well as transmiésivity values appear to be
characteristically higher within this central area.

In order to ﬁodel the area, several assumptions concerning the

aqu{fer were made. _Thesé are shown in Figure 12, The aquifer is



TABLE 3

COMPARISON OF AQUIFER TEST DATA (Reed, 1952) WITH WEIGHTED COEFFICIENT
OF PERMEABILITY (K) (Kent, 1975) -

Aquifer Test Values ~ Envelope Method
from Reed {1952} . from Kent {1975)
Coefficient of Coefficient of Coefficient of- . Coefficient of
Well Transmissivity Permeability Transmissivity Permeability
Location (gpd/ft) (gpd/ ft2) (gpd/ft) - (gpd/ft?)
SEC 27 19N 8W-2 60,000 1,100 56,700 . 1,000
SEC 5 20N OH-2 46,000 800 46,000 800
SEC 28 2IN 9W-2 -~ 31,000 900‘ 33,000 900
SEC 20 21N 20W-3 52,000 800 ' 49,000 700

144
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WEST

HEWNESSEY GROUP

HENNESSEY GROUP

R

LECEND

SURSURFACE LEAKAGE

—p SUBSURFACE INFLOW
B

4  SURFACE RECHARGE
x.

VATER-TARLE
J/f  HICH TRAMSNISSIVITY ZONE

Figure 12. Conceptual Hydrogeolpgic Model
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assumed to be a quasifhomogeneous. uncdnfined system. On a micro-scale,
the Enid Terrace deposits are not homogeneous in a strict sense of the
word. Ver;ical_variations within the terrace occur tﬁroughout the area.
Hydraulic chafacteristics also chﬁnﬁe ;s can be seen by noting the
patterned traﬁsﬁissivity iq Figure 10. Therefore, on a macro-écale the
aquifer was subdivided iﬁto.the two zo#es of permeability as shoyn in
Figure ll.zand ghe model area was divided into two regions based on
permeability. Areas of tﬁe aquifer which overlie the channel fill were
assigned a value of 1000 gpd/ftz. All other areas were assigned a
permeability value of 700 gpd/ftz. These values represent average

values based on the wells which occur within each of these subareas.

‘Each zone is represented by an averaged value of permeability used to

represent homogeneous conditions within that zone.
Another assumption made was that the bottom boundary represents an
aquitard through which ground~water in the terrace leaks into the

underlying fractured bedrock,

Recharge-Discharge and Water-Table Elevation

Historical water-level measurements for selected wells seem to.

reflect this phenomena by noting the negligible changes in water levels -

recorded in wells between 1950 and 1975.
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GROUND-WATER QUALITY

All of the Permian units and the lower parts of the Quaternary
material within the area contain some calcium carbonate (Caco3) which in

turn- provides the source for calcium (Ca++) in the ground-water. The

' amount of Ca++ present in the water is reflected in total hardness.

Waters containing a total hardness of less than 75 lﬁgll are modérately
hard, 150-300 mg/l-are hard, and greater than 300 mg/l are very hard,
Mean total hardness for the study area has been established as 193 mg/l.
Using these parameters, ground waters analyzed from the Enid Terrace are
considered to be hard.

The mean total dissolved solids (TDPS) for the area is 378 mg/l.
This value represents the total quantity of dissolved_miperal matter in
the ground-water. A recommended maximum value of 500 mg/l has been
established by the United States Environmental Protection Agency for
drinking water containing total dissolved solids. Mean values for
sulfate and chloride are 22 mg/l and 42 mg/l, respectively. The source

of sulfate is associated with halite and gypsum deposits occurring inm

the Permian formations. Chloride is a common constituent of

ground-water. Concentrations for sulfate and chloride fall well below
the recommended maximum rejection limit of 250 mg/l, as set by United

States Public Health Department. An areal distribution of these mean

values is shown in Figure 13.

29
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GROUND-WATER

. MODELING

Simulation P i

Initial ground-water levels, pumping rate, and transmissivity are
primary va.ri.ables used in the wmodel of the aquifer. Quantitative values
must be assigned to the hydrogeologic parameters of the aquifer in order
to model the aquifer within tﬁe‘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

parameter is assigned to every quarter mile section (mode) in the
aquifer., The model outfut 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 thickﬁes;ses at S-yegr
intexvals throughoﬁt the 20-year minimum basin life. . The total aquifer
area is 52,000 acres (81 square miles).

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. The water table version was used for the Enid
Isolated Terace Deposits. -

The afproach used to process the data for modelA simulation is shown
by the flow diagram in Figure 14, The input data were divided into
matrix and constant parameters (Figure 14). The matrix par.amet.ers
include: water-table elevations} land, top, and bedrock elevations‘;

river bed thickness and hydraulic conductivity; and well pumping rate

31
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gnd recharge rate., The matrix parameters were mapped, contoured, and
digitized for the study area. A grid spacing of one-half mile was used
to represent quarter sections to. establish a matrix., The storage
coefficient of the river bed is a constant parameter. Two coefficients
;f.permeability were ﬁsed as constanés far the two zones shown in Figufe
11. )

Basic contoured data which was to be entered as a matrix was

gridded and digitized for input into fhe—computer model. A qdérter_mile

grid, drawn at the same scale as the topographic maps for the area, was

overlain onto each contour map. -Values were assigrned to each node of

the grid by a perimeter-averaging technique developed by Griffem (1949).
Griffen's method involves averaging the values at the corners and center

of each node to obtain an average value for that node.

The Isolated Enid Terrace 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 is
indicated by negligible fluctuations in the water-table elevations.

To calibrate the model a2 river program option was u;ed to simulate
ground~water discharge into the intricate network of intermittent
streams which are pfésent in the area. This river option ﬁas used as an

alternative to setting transient evapotranspiration parameters or

33

constant gradient discharge node vglues. The river was deemed to be

more appropriate to the geologic setting and was therefore used to

]



LS
sinulate boundary discharge through seepa-ge as well as discharge into
SLYesmus.

. Because the.river option only handles relatively shallow water, a
problem arose in the mid-central portion of the study area. Us-ing the
river option, it was noted that a mound build;up occurred after a
" one-year 'simulation run, This mouné created a water excess of 4,000

acre-ieet, Assuming the Hennessey Group may represent a semi-permeable
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Loundary, an attewpt was made to program the model to. remove this water

excess by including z factor for bottom lezkage. Evidence for bottom
lezkage was suppliec by Fay (1981) and Reed (1952). Fay, in 2z ?erson..al
cowsinicetion, described collapse features occurring in the Hennessey
Group. Reec (1952) couments on solutiom cavities found within the
Peruian units.

The result of calibration can be noted by comparing the existing
znd projected prior rights water-table maps for 1973 apd 1993 {Figures 3

and 15); a negligible change in the two water-tables can be noted.

Siwulation Pgrigd

The model was used to simulate pumping and corresponding
water-level changes over a one-year and a Zb-year périod. The one-year
‘siiaulation run was used to calibrate the model. Twenty-year simulation
runs were initiated for July '1, 1973 to July 1, 1993, Tl'le' longer
sinulation period is based on Oklahoma Water Law Statute 82, Paragr;';tphs
1020 .4 and 1020.5 which require“s that new- annual pumping allocati;ms be
'assigned basgd on 2 minimum aquifer life of 20 years. The twentfr-year
simulation included two simulation Tuns: (1) prior appropriative rate

only; (2) prior appropriative rate with allocation pumping,.







RESULIS

&4llocation

The final 20-year computer simulation was conducted for the 1973 to

1993 period for 2ach subbasin using pumping rates of prior appropriative
. right owners. This simulation'was repeated with allocatiom pumpi.ngv,i_n
conjunétion wi"t_h prior appropriative pumping.

Maximum annual yield was determined by édjusting'the amount of
alloc-ated pumpage that would caizse 50 percent of ‘the nodes to go dry by
the end of the simulation period (20 years}. The maximum annual yield
and allocated pumpage was optimized by reﬁeating 20-year simulatiom in
oxder to obtain i.:‘m.e required 50 percent dry area., A saturated ‘thic.kness
of five feet was considered.dry due to size limitat.lioﬁs of s;:feen length
and'size of a submersible pump which would be set at the bottom.of a
fully penetrating well capable of pumping 150 gallons per minute. A
maximum annual yield of 19,000 acre~feet and an average annual
allocation of 0.50 acre-feet per acre were determined.

Eéch node (160 acres} was pumped continuously for a 4-month period
duriné the summer of each year at three times the anﬁual alloc‘ation
rate. This schedule was conti.nued throughout the 20~year period unless
the node begame dry pr:‘.of to that time. It is assumed in the :;todel that
everyone pumps the average meximum legal limit‘(O.S acre-feet per acre).
This rate corresponds to an“.instantaneous pumpiﬁg'rate of approximately
150 gallons per minute continuously pumped for the 4-month period betwen
June 1 and September 30 of each year. rUndex: these conditions, various

parts of the area go dry at different times. This is due to the

R ;‘-élé's‘.'n":":'i'-'-?r'— W ——— = e
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nonhomogeneous nature of the alluvium (variable transmissivity and

corresponding specific yield). The 50% dry criteria was used to

accommodate this variability. The wells are turned off in the model

when the 5-foot saturated thickness is reached and will turn on.

periodically to remove accumulation due to recharge. The maximum annual

yield is the resulting aﬂount 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 fﬁese factors, the'maximum annual
yield does not simply equal the product of allocation rate times the
area.

The computer simulation fesults are summarized in the ground-water
budget shown in Figure 16. Simulated changes in saturated thickness and
of areas that become dry for 1973, 1983. and 1993 are‘ﬁhoﬁn in Figures
16 to 18. -

A 20—year ground -water budget.was computed for Ehe final computer
allocation run of the entire aquifer area {Figure 19). In addi;ion. a
detailed ground-water budget analysis and ground-water distribution
summaries for the aquifer area are shown in Appendix A. Other computer
simulation results for the same period include transmissivity and water

depth {Appendix A).

Ground-Water Quality

Ground-water quality is dependent on initial raiu-water quality and
chemical reactioms which may occur during net recharge (downward
percolation) into the aquifer,. The ground-water was analyzed and tested
at several sites in the Enid area for Total. Hardness (TH), Total

Dissolved Solid (TDS), Sulfate (804'-) and Chloride (Cl7)., These data
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CONDITIONS I

Annual Allocation

Return Flow Rate

Recharge Rate

(Gross Pumplng Limit) (% of Gross Pumplng) (2 of Rainfall)
0.5 AFZAI 25 t] 7
BUDGET
Gross fPunplng
*Averaged (Wellhead) Return Flow .
f_]:"'"or Appropriation -71"331 hF 17,8334 Effective Rechalrge 2,696,200 arf Ralnfall
. PumpIng ; . - . In/Y¥ri
{ ol 0.067 ar/as)_ ] 0.017ap/a0 199,324 AF 31.11 :
Net Allocatlon 2.3 100 ™™ 5 496,876 AF :unoff m;d
Pumpin vaporation
. 3 374,914 ar 93'72§~—A-F- 28.81 in/¥ri]| Losses
- "Haxlmum Annual Yield"
{Optimum Average Yield)

ol

N
(

P

—— ek Ml Al WA WP VI S T o vl Se e dem G e

T Potentlal Water
(Initial Storage + Net
Inflow except Pumplng)

l Initial Storage final 50%

452,4004aF

260, 780AF

‘water for

| = ———
Recoverable

il toatoitofpiiet |

Surface Inflow

1,507 Af} (Galn from rivar)

-

wet

32,672,

PP R Y

N W AP W S G i S

f Final Storage
(Honrecoverable for

final S0Y wet)

117,716 AF

Figure 19,

~

Twenty-year Ground-Water Budget
(after Kent, 1980)

23,461 AF

Surface Outflow
{Loss to rlver)

Subsurface inflow
{Galn from adjacent
area)

Subsurface Outflow
=0= AF] (Loss to ad]acent
ares)
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are shown in Table 4. Concenfration of these dissolved minerals are a
result of the period of contact between thé gfound-water ané geologic
formations and as a result of mratural and man{made pollution,

The headwaters of tributaéies to the Cimarron'and 8alt Fork Rivers
.are locéted in the_équifer.area. Because the drainages in the area
originate over the aéuifer, natural salt sources for surface runoff
'shduld not occur, This condition would contribute to the similarity

between stream- and ground-water quality. This similiarity would

sugiest that there probably will not be any significant degradation of

sround-water quality due to recharge from streams induced by aquifer

depletion.
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TABLE

4

WATER QUALITY FOR SELECTED WELLS

Oklahoma Water

Total Dissolved ?ulfate) Chtoride Resources Board
Hardness Solids . {as 50q :
_ (1) (2) (3) (3) Sample Number

Locatfon milligram per liter mg/1 (&)
SW SW NE 31 23N 6W 212 ass 16 29 0539
SW NW NE 31 23N 6 221 372 20 45 0541
-SW SW SW 30 23N 6W 211 344 15 29 0540
SE SW SE 30 23N oM 205 384 19 40 0542
NW RE SW 1 22N 7W 164 300 15 21 0522
NW SW SE 1 192 468 26 37 0523
NE W SE 1 217 408 27 a3 0524
SE MW SE 1 265 594 48 110 0525
SE NE SE 1 246 512 52 F/ I 0526
NE NE SE 1 204 400 23 37 0527
NE SE NE 1 247 412 28 40 0528
SE SE SE 16 23N W 122 232 16 26 0532
SW SE SW 21 126 252 16 23 0535
HW NW RW 21 194 428 34 - 36 0552
SE SE NW 17 168 316 22 52 0553
NE KE SE 17 122 220 12 12 0554
SW SW SE 17 236 508 36 78 0551
NE NE KRE 26 143 288 13 18 0534
NW NW NE 26 188 368 18 52 0533
SH SN NW 27 187 368 17 14 0529
NE NE NW 27 120 304 13 17 0531
NE NE NE 27 135 284 12 24 0536
NE NE NE 28 146 320 20 24 0530
SW SE NE 36 339 652 33 114 0537
NE ME NE 36 224 328 14 26 0538

T=193 X=378 T=22 X= 4z°

1. Reported as CaCO3 :
2. 500 mg/1 recommended maximum rejection Timit
3. 250 mg/1 recommended maximum rejection 1imit
4. Sample period Auqust 1973

R T T T e e e - -
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APPENDIX A*l--

RESULTS FOR THE ENID TERRACE

‘Twenty-Year Ground*Water Budget. .
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. Mass Balance......

tWater D1str1but10n Summary
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TWENTY YEAR CROUND WATER BUDGET *. - L R : L

PARAMETERS Average Average Initfal Avg. Inicial Average Total . " Ares Excluding
. Permeability Spec. Yld. Sat, Thickness Transmissivity Area Surface HWater
[ 738.76_ceoser?] l20.s- z]| [272 ge ] [2.500  gppser] | 54,860 _l (52,000 ac )
SSUMPTIONS Annual Allocation Return Flow Effective Annual Return Flow Rate Racharge Rate
1 (crs Pum ‘:lt) Allowance Allocation - (X of Groas Pumping) {X of Rainfall)
. : {o.125 arsa]  [L0.375. _arsal [ 3]
K . Gross Pumping Return Effective Recovery - _Ralnfall
H BUDGET {Well Head) Flow Pumpin " Factor
o or’ 20 Years, _ a D08 Effective 2,696,200  AF
————— Combinied | 446,245 - AF 111,561 AF | 334,684 . " AFl 44 g Recharge _
o:";;a%::ts Pumping |55 312" |0.43 5,578 b1 16,734 fo.32 { X or ' . - 31,11  IN/YR
— AF/YR* |AF/A# AF/YR* \F/A AR/YR* | AF/A*|Potent1a1|| 192.324 _ AF .
E _ " 2.3 e b '
Prior iars 71,331 - AF 17,833 " AF| 53,498 AF | | o o~ f 408,876 AF
:t',f :Eﬁr:gr srion 13,566 . fo.087 802 10.107 2,675° jo;05r]’ x of Runoff and 2881 IN/YR
AF/YR* [ARfA%| o |AF/1R% WF/AA AF/YR* | AF/A*|potential Evaporatlon - M—SreTent
X "Maximum Annual Yield" ) : ' : Losses. : Evapotransp,
: Net Allocation _.3.7"'914 AF 93,728 \F 281,186 . AF | 62,1 - . -0- AF
k Pumping 18,746  [0.36 -4,686.k.09 14,059 [0.27 '] X of *] -0~ _IN/YR
. —— >4 AF/YR* [AF/A% HAF 1&* AF/A AP/YR* | AF/A*{Potentinl .
/S U "~ (Optimum Average) U | ) L —
T ———— I e s T 1,507 AP ]
: Potential Water ' River Leakage
K "- +Return Flow 469,333 .. _AF 132,672 AF
. “M1TM1T- ra} - - b S b e s
Potential Water : : )
: (Initial Storage + Ner| 452,400 o AI-‘] Recoverable Water for Final 50% Wet
. / L L.. Inflow Except Pumping i ] (= Cgmbined Effective Pumping)
[ . Saturated .
{ 260,780 Thickness  Transmigeivity
, Initial Storage (1973) L__,_'_ ___AFJ .+ { Initial
/‘ L : 1 Averapes: Lm.z FT I [ 9,500 GPD/FT I
e Mw—_&w
m I!II I ) ‘ - Sacurated
! Final Storage {1993) l 117,716 AF! Final Trangmissivit
d {Non-Recoverable na I 7.4 5,300
C - GPD/FT
‘ for Final 50X Wet) Averagest
AT S S L iTET =iy - =3 tut A1, .aﬂl'u-‘.ut i

8y




' MASS BALANCE OF PRIOR APPROPRIATIVE PUMPING
_FROM JULY 1,°1973 TO JULY 1, 1993

Average Annual
(Acre Feet)

Twenty Year Total

{Acre Feet)

Inflow Outflow Inflow Outflow
Recharge + 9,966 +199,324
Pumpage -16,734 334,684
River Leakage + 75 - 1,634 + 1,507 - 32,672
Subsurface Flow + 1,173 + 23,461
TOTALS +11,214 -18,368 +224;2§2 =367 ,356
" Net Storage = 7,154 -143,064

4%



Water Distribution Summary
July 1, 1973

SATURATED ‘ AVERAGE AVERAGE :
THICKNESS AREA SATURATED SPECIFIC STORED
RANGE (z oF AREA THICKNESS. YIELD WATER

{ FEET) TOTAL) (ACRES) (FEET) . (% (AC.FT.)
0.0 ~ 2.50 6.8 3,520 1.6 29.5 1,711
2,50 ~ 5,50 10.2 5,280 4,5 29.5 7,022
5.50 - 7.50 4.9 2,560 6.3 29,5 4,759
7.50 - 10,00 7.7 4,000 8.7 29,5 - 10,266

10.00 - 12,50 10.2 5,280 10.8 29.5 16,867
12.50 - 15.00 7.1 3,680 14.3 29.5 15,504
15.00 - 17.50 10.5 5440 15.7 29.5 - 25.245
17.50 - 20.00 4.6 3,400 18.8 - 29,5 13,281
20.00 - 22.50 9,8 5,120 20.7 29.5 31,205 -
22.50 - 25,00 4.9 2,560 23.9 © 2945 18,032 -
25.00 - 27.50 5.5 2,880 25.4 29.5 21,606
27.50 - 30.00 4.0 2,080 29,1 29.5 17,866
30.00 - 32.50 3.4 1.760 - 30.9° ©29.5 16,046
32,50 ~ 35.00 . 3,1 1,600 33.8 29.5 15,951
35.00 - 37.50 1.5 800 36.0 29,5 8,491
37.50 - 40.00 1.5 800 39,0 29.5 9,192
40,00 - 42.50 1.2 640 41.1 29,5 7.750
42,50 - 45,00 0.6 320 43 .6 29,5 4,117
45.00 - 47.50 0.9 430 : 45.4 29.5 6,423
47,50 - 50.00 0.6 320 48 4 29.5 4,567
50.00 - 52.50 0.6 320 50,1 29.5 4,728
52.50 ~ 55.00 0.3 160 54,3 29,5 2,564
ALL RANGES 100.0 52,000 17.2 29.5 263,202

{TOTAL) (TOTAL) : (AVERAGE) (AVERAGE) ) { TOTAL)




Water Distribution Summary
July 1,°1993

SATURATED _ AVERAGE AVERAGE
THICKNESS AREA SATURATED SPECIFIC STORED
RANGE (% OF AREA THICKNESS YIELD WATER
(FEET) TOTAL) (ACRES) - ~ (FEET) (%) (AC.FT.)
0.0 - 2.50 9.8 5,120 " 2.0 29.5 2,948
2.50 ~ 5,50 41,8 21,760 4,6 29,5 29,845
5.50 - 7.50 11.7 6,080 6.5 29.5 11,589
7.50 - 10.00 15.1 7,840 8.8 29,5. 20,285
10.00 - 12.50 6.8 3,520 11.0 29.5 11,388
©12.50 - 15.00 6.5 3,360 - 13.8 29.5 13,716
15.00 ~ 17.50 3.1 1,600 16.0 29.5 7566
17,50 - 20.00 2.5 1,280 18.5 . 29,5 6,997
120,00 - 22.50 1.5 800 20,2 29.5 4,776
22,50 - 25.00 - 0.9 480 24,4 29.5 3,458
25.00 - 27.50 0.3 160 26.0 29.5 1,226
ALL RANGES 100.0 52,000 7.4 29,5 - 113,799

(TOTAL) (TOoTAL) (AVERAGE) (AVERAGE) (TOTAL)
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Enid Terrace
Saturated Thickness
vs Area.
T .. . . Year 1993

.(acres x 1,000)

Area
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{acre feet x 1,000)

Volume

3z2.0 T
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28.0 4
26.0 =
24.0 . Enid Terrace
* : Saturated Thickness
vs Volume
22.0' Year 1993

20.0 o
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R7TW REW . REW
1 1 WATER DEPTH
) ; JULY 1, 1973
A E - "ENID TERRACE
_ ZONE 2 2 A - " '
. .l
1 0-10' Eal-:_ : 3 J-z—\-_—lv.' 2 2 4
2 11-20' ERRECIN N , 2 2[1[2]3 a2 l—l— T23N
3 21-30° 2 5 o, . 4 2|34 | 2|1
« 31-40° s | 1,02 H 3 KR
2(4
5 41-50° S L s JEIRIE ! ! 1
50" s [ s ] | 3 FEEICEIE
113 4
. 3 s ala 3 |a 3 4|2 .
2 2 |°|*[s . 4 | 2 ]1[2]
1 2 4 | a 4 |2 .
E p 3 4 3| 4 3 2|3 1
IR al2] s [2] o]z
01 2 a3 'z 213 ) 3 K 1
MILES + 1 t]3l 2 ] 3[4 laf2] 1
SCALE 1 p 12 slajz]s . T22M

Ls



RTW - REW REW -
N
K WATER DEPTH
. 3 1l JULY 1, 1993
ENID TERRACE
sla _
ZONE . 14ls al2]3] 1 1 1
. ] 4 -
1 o-10" |4 2 . 44 JIEE | |
2 11-20° 5 5 5 3 5|42 : )
23— . 2 T23N
s 21-30° 4 5[_5[5 6 | s 5 |°® NCIRE | 2
4 31-40" 2]4]s| s o5 __ T, 3 3| 4] s|aj2]s |2
5 41-50' & 6 5 s 4]?] 3 3 I4 4 1
. 1{4|5|4|5 - s 4 ) 4[24 3 3|2
] >50 5 3 - 3
2| [a]|s|a [e]s[als 3 4 4
Fy i 5 2 L 3 2
. 4 _ |14 a . 4 2 ] 4
3]l 5 a4 [s] 4« [ s 17| s [a]2 [3
3 4 (3} 4 |s] « [ 5 5 | 3 a [1] 2 NP
: 4 2
_ 2 [3], 3‘_ a_ 3[4 4 4], 1L ) ]
1 2 3 1 | 2 3 [2] 3] 6 .
MILES 1 j 2 2
SCALE 1 ! 1 2 ? 2[4 2 1|— :
El;l_l_. 122M
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