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Post Oak Aquifer.
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CHAPTER I

INTRODUCTION

Purpose and Scope

The purposes of this study were to evaluate the ground-water
resources of southern Comanche County from existing data and to use
these data in a ground-water hydraulics computer model to characterize
the Post Oak Aquifer. These data are from assessments of the ground-
water availability by Kent, Greeley, and Overton (1986) and Kent and
Greeley (1986), studies for the Oklahoma Water Resources Board.

The major sources of ground water in the study area are the allu-
vium along the creeks, the Post Oak Aquifer, and the Arbuckle Aquifer.
The Rush Springs Sandstone and its associated formations in north-
eastern Comanche County were not considered in this study.

The computer simulation was limited to the Post Oak Aquifer
because of the lack of extensive data for the Arbuckle Group Aquifer.
The area of study was limited to the townships south of the Wichita

Mountains (Figure 1).

Location

Comanche County is located in southwestern Oklahoma between lati-
tudes 34°25' N and 34°51' N and between longitudes 98°5' W and
98°50' W. The study area includes townships four north to one south and

part of two south and ranges nine west to 15 west (Figure 2).
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The area is dominated topographically by the Wichita Mountains,
which trend northwestward from just north of Lawton into Kiowa and
Greer Counties near Altus. Mount Scott is the most prominent of these
hills with an elevation of 2464 feet (751 m), but a relief above the
surrounding plains of about 1300 feet (396 m). The general relief is
about 500 feet (150 m). The plains slope to the south to an elevation
of about 1100 feet (340 m). On the north flank of the Wichitas are the
Slick, or Limestone, Hills, a series of low ridges and hills roughly
parallelling the mountains and trending northwestward from near
Richards Spur and Meers into Kiowa County. These hills rise about 300
to 500 feet (91 to 150 m) above adjacent creek valleys.

Principal drainage is toward the south to the Red River by West
Cache Creek, East Cache Creek, and Beaver Creek. On these creeks and
their tributaries are many man-made lakes, the largest of which are
Lake Lawtonka on Medicine Creek and Lake Ellsworth on East Cache Creek
(Figure 2). Numerous small farm ponds and reservoirs have also been

constructed in these watersheds.
Previous Investigations

Water Resources

Because of the importance of water to the development of Oklahoma,
the Oklahoma Water Resources Board has surveyed the state's resources
to allow planning of their use. An appraisal of these resources
(Oklahoma Water Resources Board, 1968) for the basins of Cache Creek,
Beaver Creek, and Mud Creek, which include Comanche County except for

the far northwest and northeast corners, described the surface-water



hydrology, surface and irrigation water quality, and the surface- and
ground-water resources.

The Oklahoma Comprehensive Water Plan (Oklahoma Water Resources
Board, 1975) provided for the development of the state's water
resources. For the Southwest Region, which includes Comanche County,
there are general descriptions of the aquifers and mineral resources,
summaries of streamflow data, well hydrographs, lists of water resource
projects, and a table of municipal water needs and proposed solutioms.
The 1980 update of the Oklahoma water plan (Oklahoma Water Resources
Board, 1980) was similar to the earlier publications but proposed
development plans for the southwest and other planning regions.

A report by Stone (1981) for the Comanche County area is similar
to the publications described above in that it assessed the quantity
and quality of the current water supplies and offered possible solu-
tions to water-supply problems. A set of maps of the ground-water
quality is with that report.

i The most complete and detailed investigation of the water
resources in southwestern Oklahoma including Comanche County is the
Hydrologic Atlas of the Lawton one-by-two degree quadrangle by Havens
(1977). This study mapped the geology, located the major aquifers,
indicated the surface- and ground-water quality, and discussed the
surface- and ground-water hydrology. Havens' later report (1983)
covers the hydrogeology around the Wichita Mountains only and discusses
the availability and quality of ground water from alluvium, the Rush
Springs Formation and El1 Reno Group, and the Arbuckle Group.

Davis (1958) presented a short discussion of the availability of

ground water from the Arbuckle Group, but that report does not include



extensive hydrologic data. Tanaka and Davis (1963) reported on the
geology and hydrology of the El1 Reno and Whitehorse Groups which
include the Duncan Sandstone and the Rush Springs Sandstone. Wood and
Burton (1968) discussed the geology and hydrology of the Garber Sand-
stone, Wellington Formation, and Hennessey Shale. Fairchild and others
(1982) investigated the hydrology of the Arbuckle Mountains area, and
their report includes aquifer test data for the Arbuckle and Simpson
Groups. The National Uranium Resource Evaluation Program collected
detailed geochemical data for the Permian aquifers in the Lawton
quadrangle. Statistical analyses and maps of these data are in two
reports (Union Carbide Corporation, 1978 and 1980). Green and
Al-Shaieb (1981) investigated the occurrence of fluoride in ground
water within Comanche County, and Back (1985) studied the geochemistry

of nitrate and fluoride in the Post Oak Aquifer.

Geology

Q

The Hydrologic Atlas by Havens (1977) is the major source of
information on the geology of the Lawton one-by-two degree quadrangle,
which includes Comanche County. It is a compilation by J.S. Havens and
R.0. Fay of the earlier studies listed here. Chase (1954) mapped
facies of the Post Oak Conglomerate around the Wichita Mountains.
Chase, Frederickson, and Ham (1956) summarized the geology of the
Wichita Mountains and the su?rounding area and discussed the nomen-
clature of the formations. Stith (1968) described the mineralogy and
petrography of the Permian Hennessey Shale to the northwest of Comanche
County. The evaluation of the uranium resources in this area includes

reports by Shelton and Al-Shaieb (1976), Al-Shaieb and others (1977 and



1982), and Al-Shaieb (1978) which summarize the Pennsylvanian and
Permian stratigraphy and sedimentology. Stone (1977) mapped the areal
distribution of grain sizes in the Permian Post Oak Conglomerate, and
Al-Shaieb and others (1980) investigated the petrology and diagenesis
of this formation. Revisions to the geology of the eastern Wichita
Mountains are discussed by Gilbert and Donovan (1982). Collins (1985)
described the Permian rocks in the Meers Valley north of the Wichita
Mountains. Bridges (1985) mapped in detail the Lower Permian rocks in
Comanche County and revised their stratigraphy.

Surficial geology of the Arbuckle and Timbered Hills Groups is
discussed by several authors. Wilmott (1957) studied the stratigraphy
and sedimentation of the Reagan Formation and determined the nature of
its contact with the overlying Honey Creek Formation. Nelms (1958)
mapped the Fort Sill Formation and established its lithologic boun-
daries. The lithology and stratigraphy of the Honey Creek Formation
were described by Fox (1958). Barthelman (1969) and Brookby (1969)
mapped Arbuckle Group outcrops north of the Wichita Mountains, and
Ragland (1983) described the sedimentary geology of the Cool Creek
Formation in the Slick, or Limestone, Hills.

Subsurface stratigraphy of Comanche County was compiled by
Hayes (1952), McDaniel (1959), and Culp (1961). Summaries of the sub-
surface and regional stratigraphy of Oklahoma according to rock system
were written of the Ordovician by Twenhofel (1954), of the Carbon-
iferous by Fay and others (1979), of the Mississippian by Craig and
Varnes (1979), of the Pennsylvanian by Frezon and Dixon (1975), and

of the Permian by MacLachlan (1967) .



The structural history of the Wichita Mountains was discussed by
Ham, Denison, and Merritt (1964). Hoffman, Dewey, and Burke (1974) and
Burke and Dewey (1973, Figure 10) interpreted this structural history
in terms of plate tectonics. Brewer (1982) provided the results of a
deep seismic survey by COCORP (Consortium for Continental Reflection
Profiling) which indicate the subsurface extent of the Meers, Mountain

View, and other faults both north and south of the Wichita Mountains.

Computer Modelling

Konikow and Bredehoeft (1978) developed a numerical model that
simulates solute transport in ground water by solving a solute trans-
port equation and a ground-water flow equation. Tracy (1982) modified
the Konikow model to allow for adsorption and first-order reactions of
the solute. Further modifications of the ground-water flow part of the
model were made by Kent and others (1986a), and an interactive (i.e.,
prompting) preprocessor program was added by Kent and others (1986b) to
facilitate input of data into the model.

Kent and others (1982) applied both a numerical model by Trescott
and others (1976) and the Konikow model to the Garber-Wellington
Aquifer, and Duckwitz (1983) applied those models to both that aquifer
and a contaminant plume in New York and compared the results with those
from analytical models.’ Data were put into the Konikow model with an
interactive program. The Trescott model was used to study other aqui-
fers in Oklahoma: the alluvial aquifer along the North Fork of the Red
River (Kent, 1980); the Enid terrace aquifer (Beausoleil, 1981; Kent,
Beausoleil, and Witz, 1982); the Elk City sandstone aquifer (Lyons,

1981; Kent, Lyons, and Witz, 1982); and the Washita River alluvium



(Schipper, 1983; Patterson, 1984; and Kent and others, 1984). These
studies were used to predict water-level changes, maximum annual

yields, and maximum legal pumping allocations from the aquifer.



CHAPTER II

GEOLOGY AND SOILS OF COMANCHE COUNTY

Geology

The geology in the county (Figure 3) consists of Cambrian
igneous rocks in the Wichita Mountains, Cambrian and Ordovician lime-
stones and dolomites in the Slick Hills, and Permian red-bed conglom-
erates, sandstones, and shales on the plains. Within the creek valleys
is Quaternary alluvium of sand, silt, and clay.

The following descriptions of the geology are summarized from
Chase and others (1956), McDaniel (1959), Ham and others (1964),
MacLachlan (1967), and Havens (1977).

The Wichita Mountains are composed of Precambrian and Early and
Middle Cambrian gabbros, granites, and rhyolites, the oldest rocks in
the area (Ham and others, 1964). The Raggedy Mountain Gabbro Group and
the Wichita Granite Group were intruded as sills and plutons and,
together with the Carlton Rhyolite Group, comprise a basement rock
sequence about 20,000 ft (6100 m) thick. The Raggedy Mountain Gabbros
total 10,000 £t (3000 m) in thickness and cover about 5000 square miles
(13,000 km?). The Wichita Granites are from 600 to 15,000 ft (180 to
4600 m) thick (Havens, 1977); the outcrop area of these groups is 300
mi? (800 km?). The rhyolites comprising the Carlton Group are as much
as 4500 feet (1370 m) thick. These were laid down as extensive ash

flows covering 17,000 square miles (44,000 km?).
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Non-igneous Cambrian formations in Comanche County are the Reagan
Sandstone and the Honey Creek Formation of the Timbered Hills Group and
the Fort Sill Formation, Royer Dolomite, and Signal Mountain Formation
of the Arbuckle Group (Figure 4). This latter group includes Ordo-
vician rocks described below; these descriptions are summarized from
Chase and others (1956).

The Upper Cambrian Reagan Sandstone records a transgression over
the Carlton Rhyolite on which it lies unconformably. It ranges in
thickness from 0 to 150 ft (46 m), in association with varied paleogeo-
graphic relief on the rhyolite. The lithologies include arkose and
conglomerate at the base, overlain by coarse-grained quartzites and
some shale, topped by glauconitic, calcareous, and ferruginous
sandstones.

The Reagan grades into the glauconitic and ferruginous limestones
of the Honey Creek Formation. In the Wichita Mountains, glauconitic
and calcareous sandstones are at the base of this formation, which is
also marked by the appearance of a trilobite fauna. The Honey Creek is
from 80 to 327 ft (24 to 100 m) thick.

The Fort Sill Formation of the Arbuckle Group contains thin,
sandy, shaly, oolitic, fossiliferous limestones. It is conformable to
the Honey Creek. The Royer Dolomite within the Fort Sill lacks fossils
and crops out in Kiowa County with thicknesses of 195 to 220 ft (59 to
67 m) but is absent in some localities.

The Signal Mountain Formation consists of coarsely crystalline,
fossiliferous limestones and is 245 to 400 ft (75 to 122 m) thick.

Flat-pebble conglomerates are characteristic and mark the base and top



13

Permian

fm d lm e e S m S S S S e s S A G P O P S S dm 0 £k e £ Pl 8 e P e Sk £l e Pt ok S Sk D £l fak Dk P W fm Pod £ e Pt £ Ot 0 P 4 P o P Pt Pk e

— - —e— e = 5 e e e e e e e e e e e e e e

Post Oak Conglomerat

West Spring Creek

Kindblade Formation

e 400 £t (120 m)

I

300 £t (S0 m)

1400 £t (425 m)

Arbuckle
Group Cool Creek Formation 1460 ft (425 m)
Ordovicia
Thatcher Member ______
McKenzie Hill Formation 1000 ft (300 m)

——_-_—~—‘T Signal Mountain Formation 500 ft (150 m)

v

| Royer Dolomite 200 ft (61 m)

|

| Fort S1i11 Formation 400 £t (120 m)
Cambrian |------------------------ e -

| Timbered Honey Creek Formation 300 £t (S0 m)

(I < & 0 0 =

| Group Reagan Sandstone 150 £t (45 m)

[ 0 0 5 1 502 1 0 ot 05 90 8 et 2 02 0 0 8 0 8 0 0 8 0 8 0 2 0 0 0 8 0 00 ot 10t wrerirara

!

l Carlton Rhyolite

|

| Unconformity ~*~
Source: Modified from Ragland, 1983, p.112.

Figure 4.

General Stratigraphic Column of the Arbuckle and Timbered

Hills Groups in the Slick Hills



14

of the formation. Beds range from less than an inch to several feet
thick.

The McKenzie Hill, Cool Creek, Kindblade, and West Spring
Creek Formations comprise the Lower Ordovician section of the
Arbuckle Group. Their total thickness in the Wichita Mountains
is 3150 ft (960 m; Chase and others, 1956).

The fossiliferous McKenzie Hill Formation contains a lower 400-
foot-thick (122 m) limestone unit with fine- and medium-grained layers
and a 600-foot-thick (183 m) cherty upper unit with intraformational
conglomerates and algal limestones.

The 1100-foot-thick (335 m) Cool Creek Formation consists of fine-
and medium-grained limestones and dolomites containing chert, oolites,
quartz sand, intraformational conglomerates, and algal layers. A sandy
layer marks the base, and the lower 700 feet (213 m) are unfossil-
iferous.

The overlying Kindblade Formation consists of about 1400 ft
(427 m) of fine-grained fossiliferous limestones. Above these layers
are another 1400 ft (427 m) of limestones and dolomites which comprise
the West Spring Creek Formation. This formation is not well exposed in
the Wichita province.

Above the Arbuckle Group are the Middle Ordovician Simpson Group
and Viola Limestone. The formations comprising the Simpson -- the
Joins, 0il Creek, McLish, Tulip Creek, and Bromide -- each consists of
a sandstone or thin conglomerate at the base with limestones and shales
above (Decker and Merritt, 1941). The lower formations have been
eroded and are covered by Permian rocks in the Wichita Mountain area,

but the top 86 ft (26 m) of the Bromide Formation crop out with the
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Viola in Kiowa County (Chase and others, 1956) to the north of the
Wichita Mountains. The Simpson Group and Viola Limestone are not
present in the subsurface of southern Comanche County because of ero-
sion from the Wichita uplift (McDaniel, 1959, Plate II).

Silurian, Devonian, Mississippian, and Pennsylvanian rocks are not
exposed in Comanche County. They occur in the subsurface on the south
flank of the Anadarko Basin in the northeast corner of the county and
in the northwest part of the Marietta Basin in the southeast part of
the county (McDaniel, 1959).

Permian rocks conformably overlie Pennsylvanian strata and com-
prise the surficial geology in Comanche County (MacLachlan, 1967). The
Lower Permian (Wolfcampian) Wichita Formation of sandstone and mudstone
occurs in the subsurface south of the Wichita Mountains. Above this
formation are the Middle Permian (Leonardian) Wellington Formation and
its equivalent, the Post Oak Conglomerate, the Garber Sandstone, the
Hennessey Shale, and the E1 Reno Group. All formations above the
Wichita crop out around the Wichita Mountains. Upper Permian forma-
tions cropping out in Comanche County are the Marlow Formation and the
Rush Springs Formation (MacLachlan, 1967; Havens, 1977). The strati-
graphic positions of these formations are discussed in Chapter V.

Except for small Quaternary terrace deposits and alluvium in the
creek valleys, sediments younger than Permian are not recorded in
Comanche County.

North-south cross-sections A-A' (Figure 5) and east-west cross-
sections B-B' (Figure 6) and C-C' (Figure 7) show schematically the
relationship of the formations in the subsurface. The Wichita

Mountains are a block of igneous rocks bounded by steep faults.
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Overlying the igneous rocks are the Arbuckle and Timbered Hills Groups
of limestones and dolomites. These dip in the direction of the Ana-
darko Basin in the north and toward the Marietta Basin in the south.
The Timbered Hills and Arbuckle Groups are considered together as the
Arbuckle Group Aquifer. The steep fault separating this aquifer from
the igneous rocks to the north is shown dashed on the geologic map
(Figure 3) because it is covered by the Post Oak Conglomerate.
Overlying the Arbuckle Aquifer in the north are the Permian
Hennessey Shale, Garber Sandstone, and El Reno and Whitehorse Groups.
The Permian Post Oak Conglomerate, Hennessey Shale, and Garber Sand-
stone lie on the Arbuckle Aquifer to the south of the Wichita
Mountains. Because these Permian formations are undifferentiable in
the subsurface, they are not designated separately on the cross-
sections. In the subsurface south of the Wichita Mountains, these

formations are considered together as the Post Oak Aquifer.

Soils

Soils having similar profiles, or sequences of horizoms, consti-
tute a soil series, and distinctive patterns of soils in a landscape
are grouped as soil associations. Within Comanche County distinctive
soils have developed on the red beds, limestones, and alluvium
(Figure 8).

Because the soil associations are characteristic of the underlying
rocks, the soil descriptions and maps in the soil survey (Mobley and
Brinlee, 1967) were used to locate wells in either the Post Oak or
alluvial aquifers. For example, Port soils, which occur on flood

plains, indicate alluvium, whereas Windthorst soils, which formed from
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granitic material eroded from the Wichita Mountains, indicate the Post
Oak Aquifer. The type of soil in an area would affect the permeability
and recharge rate: clayey soils would lower the permeability and allow
more surface runoff. The most extensive soil association is the Foard-
Tillman, which covers about 120,726 acres (48,858 hectares), or 18
percent of the county. The following descriptions are summarized from
Mobley and Brinlee (1967).

Foard soils are deep, level, dark brown soils covering uplands.
They formed on calcareous red-bed clays. The five- to ten-inch (13 to
25 cm) thick surface layer is calcareous.

Tillman soils are deep, gently sloping, reddish-brown clay loams.
The five- to ten-inch thick surface horizon overlies a heavy, clayey
subsoil which is calcareous below 15 inches (38 cm). The Waurika
series also occurs in this association. These soils are level grayish-
brown silt loams developed from Permian shales on uplands. The clayey
subsoil lowers the permeability.

The Zaneis-Lawton-Lucien association occupies uplands and covers
132,700 a (53,700 ha), or 19 percent of the county. Zaneis soils are
gently sloping, reddish-brown loams with a fine-textured subsoil.
Lawton soils are deep, brown, non-calcareous, loamy, and granitic.

Sand and gravel lenses are common in the profile. These soils formed
from granitic "outwash" (Mobley and Brinlee, 1967, p.3) and occur along
ancient drainageways. Lucien soils are shallow, reddish-brown sandy
loams on fine-grained sandstonme.

Foard and Zaneis soils form an association with slickspots, which

are small areas having much clay in the soil profile.
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On flood plains is the Port-Zavala-Lela association, which occu-
pies 76,800 a (31,080 ha), or 11 percent of the county. Port soils are
brownish loams or clay loams with a non-calcareous surface layer and a
calcareous subsoil. Zavala soils are found in the northeastern part of
the county; they are brown, non-calcareous fine sandy loams. Lela
soils are dark, non-calcareous clays.

On the uplands in the Wichita Mountains is the Stony rock land-
Granite cobbly land association. The Stony rock land is essentially
granite outcrops and shallow, stony soils. The Granite cobbly land
consists of deep, brown clay loams with much gravel and cobblestones;
these soils occur on hills and ridges. This association covers 86,000
acres (34,800 ha), or 12 percent of the county.

The Konawa-Windthorst association covers 25,000 a (10,100 ha),
four percent of the county, in the northeastern and southwestern parts
of the county. These soils occur on sandy uplands. Konawa soils are
deep, brown, and sandy with a reddish sandy clay loam subsoil. These
soils formed on ancient alluvium. Windthorst soils are brown sandy
loams with a sandy clay subsoil which formed on granitic "outwash"
(Mobley and Brinlee, 1967, p.l7).

The Vernon association of soils are shallow, red calcareous clays
and clay loams found on slopes. These soils formed on clayey alluvium
and colluvium.

The Tarrant-Limestone cobbly land association occurs on the stony
ridges of the Slick, or Limestone, Hills. The Tarrant soils are thin
(3 to 12 inches), dark brown silt loams between outcrops of limestone.
The cobbly land is gravel and cobbles derived from the limestone

outcrops.



The Cobb association is prairie soils: brown, fine sandy loams
with a sandy clay loam subsoil. These soils cover 13,500 a (5460 ha)

in the northeastern part of the county.
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CHAPTER III
METHODOLOGY

Aquifer data were obtained from drillers' logs, field measure-
ments, and the literature (Havens, 1977 and 1983; Union Carbide Corpo-
ration, 1978; Fairchild and others, 1983). Sources of well logs and
unpublished data were the open files of the Oklahoma Water Resources
Board, U.S. Geological Survey, Fox and Drechsler Engineers, Poe and
Associates Engineers, the Layne-Western Company, and the town of

Indiahoma.
Field Methods

Field methods included measurement of water levels in domestic
wells with an electric tape measure accurate to a tenth of a foot and
six electric resistivity surveys (see Figure 22) which determined the
depth to the water table and the thickness of the alluvium.

A Bison model 2350 Earth Resistivity Meter was used in the resis-
tivity surveys. Current, I, and potential, P, electrodes were arranged
in the Wenner configuration in which the distances between each pair of
electrodes, the A-spaces, are equal, with the P electrodes within the I
electrodes (Figure 9). The current introduced into the alluvium
through the outer, I, electrodes causes a potential drop, V, between
the two P electrodes which is measured by the Bison meter as the

apparent resistivity, (Figure 10). The effects due to changes in
Ja
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electrode spacing and current flow cancel out with the measurement of
apparent instead of true resistivity (Bison Instruments, 1969).

The field procedure, resistivity sounding, involved expanding the
electrode array parallel to the stream channel; variatiomns in Pa with
depth are determined by this method. Graphs of A-spacing versus
apparent resistivity exhibit deflections indicating the water table and
bedrock (Figure 10 and Appendix A). Comparisons with the water levels
in nearby wells at the Sandy Creek and Post Oak Creek sites indicate
that the A-space is approximately equal to twice the depth of current
penetration. The assumption that A-spacing equals depth is not always

valid (Zohdy and others, 1974, p.20; Bison Instruments, 1969, p.15).
Well Data

The extent, thickness, saturated thickness, permeability, trans-
missivity, and yield of the aquifers were derived from well data
(Appendix B). A well was assigned to an aquifer according to its loca-
tion on the geologic map or soil survey and its depth. Shallow wells on
flood plains and in areas where soils were derived f;om alluvium were
assigned to the alluvial aquifer (see Soils, Chapter II). Wells in
those areas where the soils were derived from red beds, such as north-
west of Faxon, were assumed to be in the Post Oak Aquifer. The depth
of a well was compared with the elevation of the top of the Arbuckle
Group on the structural contour map of Havens (1983, Plate 1) to
determine whether the well reached the Arbuckle.

For the alluvium and Post Oak Aquifer permeabilities were obtained
from lithologic well logs by using a relationship between grain size

and permeability developed by Kent and others (1973; Figure 11).
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Hemann (1985) confirmed the validity of this grain-size-permeability
relationship. This method could not be used for the Arbuckle Aquifer
because ground-water flow is through fractures and solution openings.
Each layer in the aquifer was assigned to a hydraulic coefficient
(permeability) range according to its primary grain size as listed in a
drillex's log. From the envelope permeabilities a range of total per-
meabilities for the aquifer was obtained (Table VI, Appendix C). A
description of this method and an example of the calculations are in
Appendix C. The product of saturated thickness and the permeability is
the transmissivity. Lithologic and permeability data for wells in the

alluvial and Post Oak aquifers are in Tables VI and VII, Appendix C.
Production and Aquifer Test Data

For all three aquifers another method for calculating transmis-
sivities, permeabilities, and yields used production test data from
drillers' logs. Walton (1970, p.315) derived a relation between trans-
missivity and specific capacity, the well yield per‘drawdown:

Q= T (3-1)

s 264 log ( Tt ) - 65.5
2693 rZ% S

where Q = specific capacity, gpm/ft,
)
Q = discharge or yield, gpm,
s = drawdown, ft,

T = transmissivity, gpd/ft,

S = storativity of a confined aquifer or specific yield
of an unconfined aquifer, fraction,

r = nominal well radius, ft,

t = duration of pumping, minutes.
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This equation provides the theoretical specific capacity of a
fully penetrating well in an artesian aquifer assumed to be homo-
geneous, isotropic, nonleaky, and infinite in areal extent; other
assumptions are that the well loss is negligible and that the effective
well radius is equal to the nominal well radius. Where these assump-
tions are not valid, the actual transmissivity or permeability is
greater than the value determined from specific-capacity data. For
example, instead of 100 percent, well efficiency was assumed to be only
60 percent (Schipper, 1983, p.55) which required that the transmis-
sivity and permeability be increased by a factor of 1.6.

A short program to calculate transmissivity from Walton's formula
is listed in Appendix D. A graph of T versus Q/s for given values of
S, r, and t (Figure 12) shows that uncertainties in estimating stora-
tivity do not affect greatly the values of transmissivity and specific
capacity. Lower specific capacity values result from longer production
tests (see Walton, 1970, Fig. 5.10b, p.319); the lengths of the tests
providing the data were not uniform, however.

Using a maximum drawdown value in Walton's formula led to under-
estimates of transmissivity and yield. The maximum theoretical draw-
down was assumed to be 70 percent of the saturated interval above a
five-foot well screen (Johnson, 1966, p.108). The average saturated
interval, the difference between static water level and well depth, of
the unconfined alluvial aquifer is 16 feet (4.9 m); the maximum draw-
down then would be eight feet (2.4 m). For the Post Oak Aquifer the
average saturated thickness is 20 ft (6.1 m), and the maximum drawdown
would be 11 ft (3.3 m). For the confined Arbuckle Aquifer the maximum

theoretical drawdown was assumed to be 70 percent of the average well
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Figure 12. Relationship Between Transmissivity and Specific
Capacity (Medified from Waltom, 1970, p.316)
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penetration, or 350 ft (107 m). Hydraulic data for the three aquifers

are in Table VIII, Appendix E.
Stream Discharge Data

To determine the recharge to the alluvial aquifer and to ascertain
the relationship between ground water in the alluvium and surface
water, stream discharge data published by the U.S. Geological Survey
(1969-1985) were used in a computer program called RECHARGE, which was
developed by Pettyjohn and Henning (1979) and is described in Appendix
F. This program calculates by three methods the baseflow, that portion
of the stream discharge contributed by ground-water runoff (Figure 55,
Appendix F). Miller (1984) described the methods, fixed interval,
sliding interval, and local minima, and applied them to the Little
Washita River watershed within and to the northeast of Comanche County.
He found that they yield baseflow values within a 10 percent agreement,
and that baseflow depends on antecedent precipitation. Similar to the
Blue Beaver Creek basin, the Little Washita River watershed is charac-
terized by rocks of relatively low permeability, clayey soils, and a
subhumid climate. The RECHARGE program demonstrates the direct rela-
tionships between baseflow and recharge and between streamflow and
evapotranspiration, assuming that inflow to the basin is by precipita-
tion only, and that outflow is by stream discharge and evapotrans-
piration. These are valid assumptions for Blue Beaver Creek because
most of the basin lies within the Fort Sill Military Reservation where
there is no irrigation and no facilities upstream which discharge

effluent to the stream.
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Descriptions of Lineament Analyses

An approach for estimating the possible distribution of well
yields in both the Post Oak and Arbuckle aquifers involved a lineament
analyis of aerial photographs. Ground-water flow in the Arbuckle is
through fractures and solutional openings, and fracture flow was
assumed to occur in the Post Oak, also. Areas with more fracturing
presumably would have more flow and greater well yield; to locate the
fractures aerial photographs were examined by two methods, which are
described in more detail in Appendix G.

For one method it was assumed that lineaments in the Post Oak and
Permian rocks above the Arbuckle Group indicate fracture patterns in
the underlying Arbuckle Aquifer. These lineaments consist of straight
segments of stream valleys, segments of several stream valleys that are
in alignment, or non-cultivated vegetation in linear patterms. The
other method involved extending fracture patterns occurring in the
Wichita Mountains into the Arbuckle Group to the south. For both
methods a grid of cells was used to locate the areas of fracturing.
Fractures in the Wichita Granite Group were studied by Gilbert (1982).
A lineament analysis and corresponding geological interpretation of
Comanche County is discussed by Donovan and others (1986).

It was assumed in the first method that the total length of frac-
tures in an area controls the permeability. Only the lineaments in the
Post Oak and Permian rocks were considered because fracture lineaments
in the Wichita Mountain are outside the study area, and the lineaments
in the Post Oak indicate fracture patterns in the Arbuckle Group as

well as in the Post Oak.
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It was assumed in the second method that a lineament might indi-
cate only part of a fracture and that an area with many intersecting
fractures would have a greater permeability; this method was applied to
only the Arbuckle Group. Arbuckle well yield values derived from the
two methods were compared with the average yield calculated from pro-

duction well test data.
Computer Model Description

A modified Nuclear Regulatory Commission (NRC) version of the
numerical ground-water model developed by Konikow and Bredehoeft (1978)
was applied to the Post Oak Aquifer to determine its characteristics
and to demonstrate their interaction over time. The modified version
was used with a preprocessor developed under the direction of Douglas
C. Kent (Kent and others, 1986a and b). A description of the variables
and their application to the Post Oak Aquifer is in Appendix H. The
study herein considered only the hydraulics of the Post Oak Aquifer;
Back (1985) studied chemical transport in this aquifer. The modelled
area covered the outcrop of the Post Oak Conglomerate as shown on the
geologic map (Figure 3) and included townships 2N, IN, 1S, part of 2S,
and ranges 9W to 15W and part of,l6W (Figure 13).

Calibration of the model required adjusting the aquifer charac-
teristics until inflow to the model by recharge balanced outflow by
aquifer drainage as shown by minimal values of drawdown or mounding in
the drawdown matrix. These characteristics included storage coef-
ficient, permeability, potentiometric head, and recharge. Because the
modelled aquifer is unconfined, the storage coefficient actually repre-

sented specific yield, and the potentiometric head represented water-
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table elevation. The model was not stressed by pumpage during the
calibration.

Changing the specific yield opened or closed the aquifer to flow.
This aquifer characteristic was set at 0.3, a high value, for the
entire grid in order to increase the flow through the aquifer and to
make the aquifer less sensitive to adjustments in permeability. More
realistic values of specific yield were entered when pumpage was estab-
lished in the model.

Permeability values for the Post Oak Aquifer were determined from
lithologic well logs (Table V, Appendix C) and the grain-size-perme-
ability relationship (Figure 11) as described previously. The areal
distribution of permeability established in the model followed the mean
grain size distribution pattern of the Post Oak Conglomerate determined
by Stone (1977). The distribution of large mean grain size indicates
the possible location of paleostream channels which would have greater
permeability (Figures 26, 27, 29, and 80).

For the simulation the saturated thickness was a constant value
for the entire grid. Twenty feet was the average saturated thickness
as determined from well logs (Table II, Appendix B). The initial
water-table elevation matrix was derived from Figure 36.

In order to account for greater flow into the aquifer at nodes
with higher permeabilities, the node identification (NODEID) matrix
replaced the constant recharge input.

Pumpage was established in the model following calibration accor-
ding to data from the Oklahoma Water Use Data System (OWUDS) of the

Oklahoma Water Resources Board (1984).



CHAPTER IV
HYDROLOGY OF THE ALLUVIAL AQUIFER
Surface-Water Hydrology
Climate

The climate of Comanche County is dry, subhumid, and continental
(Mobley and Brinlee, 1967, p.46). Mean annual precipitation at Lawton
(Figure 14) is 29.18 inches (741 mm), and mean annual temperature is
62.3°F (16.8°C). May is the wettest month, and January is the driest
month (Figure 15). These conditions lead to an average annual lake
evaporation of over 60 inches (1524 mm) and an average annual evapo-
transpiration of 26 inches (660 mm), according to Pettyjohn and others
(1983). An isohyet map (Figure 16) shows the areal distribution of
mean annual precipitation. The deflection of the isohyets to the east
indicates an orographic effect By the Wichita Mountains. The average
precipitation values are based on 30-year periods of record (Table
X1V, Appendix F).

The average annual depth of rainfall over the Blue Beaver Creek
basin is 29.17 inches (741 mm). Because this value is very close to
the mean annual precipitation at Lawton, data from that weather station
were used for comparisons with streamflow. A description of the method
used to determine the average depth of rainfall is in Table XV,

Appendix F.
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Surface Water

The major streams in Comanche County are West Cache Creek, Blue
Beaver Creek, East Cache Creek, and (Big) Beaver Creek (Figure 2).
West Cache Creek, Blue Beaver Creek, and their tributaries are inter-
mittant, having no flow during short, dry periods. Beaver Creek is
perennial except during droughts. The flow of East Cache Creek is
regulated by discharge from Lake Lawtonka, Lake Elmer Thomas, and Lake
Ellsworth; low flow is maintained by sewage plant effluent from Lawton
and Walters (U.S. Geological Survey, 1983, p.435). The only U.S. Geo-
logical Survey stream gaging station in the county is on Blue Beaver
Creek near Cache. There is minor regulation of this and other streams
by only small reservoirs, making it suitable for gaging.

The Blue Beaver Creek basin has an area of 24.6 square miles (63.7
km?) above the gaging station. Similar to the other streams in the
area, the creek has deposited alluvium within a shallow valley cut into
the Post Oak Conglomerate, Hennessey Shale, and Garber Sandstone. Port
soils have developed on the alluvium: these soils are clayey with
moderate to moderately slow permeability, orxr infiltration, and moderate
runoff potential (Moblee and Brinlee, 1967, pp.37, 41).

Because the geology and soils have a relatively low permeability,
the drainage is flashy: there are sudden increases in stream discharge
from surface runoff during short, intense storms that characterize the
climate. Within two or three days following the storm the stream
returns to its previous stage because there is little or no contribu-
tion from ground-water runoff to sustain the flow.

Stream hydrographs of mean daily discharges for a wet water year,

1973 (Figure 17), and a dry water year, 1971 (Figure 58, Appendix F),



1973

TITLE: BLUE BEAVER CREEK near CACHE OK YEAR

FIXED INTERVAL HYDROGRAPH

10000

1000

10

Discharge,

04

cfs

Vertical scale approximate

nn i
I
B T

jaains

il
Wi
ol

1" -
ot -
<ot ot
ool -t
g} -
i oy
o] prosesy
e possey
e h vt
pesveg

——

Habtasates 1 aeeee
Htasaastososd | momot-
[P seesenenyppreny

Il

|

.

§13

.

ocT

"0
NOV
12}
DEC
m
IAN
m
FEB
)
WAR
"
PR
"
HAY
”m
I
"
w

Figure 17. 1973 Stream Hydrograph of Blue Beaver Creek

"
SEP
m

(44



43

show the flashy nature of Blue Beaver Creek: steep rising limbs, sharp
crests, steep recession curves, and long periods of low flow. Flow
duration curves for these water years (Figure 18; Figure 59, Appen-
dix F), which show the percent of time a given discharge will be
equalled or exceeded, exhibit the characteristic steepness of flashy
drainage and a basin geology with a relatively low permeability.
Stream discharges are characteristically of low magnitude. These
hydrographs and flow-duration curves were plotted by the RECHARGE
program (Appendix F), which calculates by three methods the baseflow,
that portion of the stream discharge contributed by ground-water runoff
(Figure 55, Appendix F). Miller (1984) described the methods, fixed
interval, sliding interval, and local minima, and applied them to the
Little Washita River watershed within and to the northeast of Comanche
County. He found that they yield baseflow values within a 10 percent
agreement, and that baseflow depends on antecedent precipitation.
Similar to the Blue Beaver Creek basin, the Little Washita River water-
shed is characterized by rocks of relatively low permeability, clayey
soils, and a subhumid climate.

The monthly and annual baseflows for Blue Beaver Creek, calculated
by the fixed interval method and expressed as percentages of streamflow
and precipitation, are listed in Table XIII, Appendix F. The mean
baseflow for the l5-year period 1968 to 1982 was 3.18 inches (80.8 mm),
or 5.76 cfs (0.16 ma/s), and the lowest annual baseflow was 0.16 inches
(4.1 mm), or 0.29 cfs (0.008 m3/s), in 1971, a water year of below-
average rainfall.

The relationship between mean monthly baseflow and precipitation

for the Blue Beaver Creek basin (Figure 19) differs from that for the



44

1373

‘ERR

Y
!

CHE OK

K rear CA

iy
)

ITLE ¢ BLUE BERVER CRE

-
i

ERVAL FLOW DURATION CURVE

XED INT

Fi

100. 0000%

+

+
t

80. 0000

40, 0000+

%
+¥

20 0000

*

10, 0000+

¥
¥

8.0000

1%

4.

¥

K}

2.0000+

By
g+

14

DS THAT

SHOWN

=

XCE

E

FLOW EQUALE OR

FERCENT OF TIME

w
T
]
=
3
o
o
Ll
-
o9
=
=]
5
]
o
U]

TOTAL RUNOFF  # -

+ -

1973 Flow Duration Curve of Blue Beaver Creek

Figure 18.



Average Monthly Precipitation, inches

45

0.0 .10 .20 .30 .40 .50 .60 .70

Average Monthly Baseflow, inches

Figure 19. Relationship Between Monthly Precipitation and
Monthly Baseflow



46

Little Washita River (Miller, 1984, p.45). During the fall baseflow
increases slightly although precipitation decreases; baseflow continues
to increase through the winter while precipitation remains comnstant.
Streamflows are highest in the spring, as indicated by the dramatic
increase in both baseflow and precipitation. During the summer base-
flow decreases; precipitation decreases in the early summer but
increases in the late summer. Streams usually have no flow in the
summer when evapotranspiration is highest.

Annual baseflow and precipitation follow similar trends (Figure
20), but the two-year moving average of rainfall lags behind baseflow.
These results differ from those of the Little Washita River basin
(Miller, 1984, p.27) probably because the Blue Beaver Creek basin is
much smaller, and precipitation would more immediately affect the
baseflow.

The difference between rainfall on the basin and streamflow from
the basin is evapotranspiration which is greatest during the spring
when rainfall is greatest (Table IX, Appendix F). Expressed as a per-
centage of precipitation, however, evapotranspiration is shown to be
greatest in the late summer when there is a rainfall deficit (Figure
21). For the 15-year period, 1968 to 1982, evapotranspiration ranged
from 16.8 to 30.9 inches (427 to 785 mm) and averaged 817 of precipi-
tation (Table X, Appendix F).

These surface-water data were used to characterize the hy-

drology of the alluvium.
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Alluvium

Description

The alluvium comprises an unconfined aquifer and consists of
sands, silts, gravels, and clays within the creek valleys (Figure 22).
Where field measurements and data from lithologic well logs were un-
available, the thickness of the alluvium was assumed to be equal to the
well depth listed by Havens (1977). The average thickness of the
alluvium is 33 feet (10 m), with a range from 10 to 65 feet (3 to
19.8 m). The alluvium generally thickens downstream and from a tribu-
tary to a main stem; therefore, the study area was separated into two
areas in which the average thickness is 30 feet (9.1 m) and 40 feet
(12.2 m3; Figure 22). The average saturated interval is 16 feet (4.9 m)

and ranges from 3.5 feet (1.1 m) to 47 feet (14.3 m).

Aquifer Characteristics

The upper range of the grain-size envelope indicated a mean perme-
ability of 990 gpd/ft? (4.7}(10"4 m/s) and a mean transmissivity of
15,840 gpd/ft (0.0023 m2/s). Expected well yield would be 77 gpm
(4.9 1/s). Havens (1983) reported yields of 5 to 500 gpm (0.3-32 1/s);
pump tests have yielded up to 800 gpm (50 1/s).

Water-level gradient in the alluvium should approximate closely
the topographic gradient within the creek valleys; pumping would cause
local cones of depression. The gradients within Comanche County become
less steep to the east. The water-table gradient along Sandy Creek is

23 ft/mi, and the gradient along Big Beaver Creek is 8 ft/mi.
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Gradients determined from topographic maps for the other unregulated

creeks are listed in Table XVI, Appendix F.

Recharge

Recharge to the alluvium has three components: infiltration from
losing streams, ground-water recharge from the Post Oak Aquifer, and
precipitation on the aquifer (Figure 23). Precipitation affects the
aquifer the quickest, but its contribution is least because of evapo-
transpiration. Ground-water recharge derived as underflow from the
Post Oak to the alluvial aquifer proYides a relatively constant, long-
term contribution. The response time of this contribution depends on
the ground-water velocity and gradient in the Post Oak Aquifer.

The ground-water runoff is a measure of recharge, that part of
precipitation not lost to evapotranspiration and not contributing
directly to surface runoff. The net recharge rate is the ratio of
baseflow to the basin area (Table XI, Appendix F), and averaged 3.45
in/yr (87.6 mm/yr) over a l5-year period. During the year recharge
follows a trend opposite to that of evapotranspiration (Figure 21): it

is at a maximum in spring and at a minimum in late summer.

Quality

The water quality of streams during periods of dry-weather flow
indicates the quality of ground water from the alluvium in the stream
valleys. Blue Beaver Creek, West Cache Creek, and Medicine Creek have
dissolved solids contents up to 500 milligrams per liter (mg/l). East

Cache Creek and Beaver Creek are more mineralized, exhibiting dissolved
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Figure 23.

Components of Recharge to the Alluvial Aquifer
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solids contents ranging from 500 to 1000 mg/l (Havens, 1977, Sheet 4,

Fig. 12). More detailed analyses are listed in Table XVII, Appendix F.



CHAPTER V

GROUND-WATER HYDROLOGY OF THE

POST OAK AQUIFER
Description

The Lower Permian Post Oak Conglomerate consists of sandstomes,
- shales, and conglomerates. Chase (1954) first named the Permian coarse
clastic sediments around the Wichita Mountains as the Post Oak Conglom-
eréte and differentiated this unit into four facies: a granite boulder
conglomerate, a rhyolite porphyry conglomerate, a limestone boulder
conglomerate, and a conglomerate with zeolite-opal cement. These sedi-
ments were eroded from the Wichita Mountains and Limestone Hills. Only
the granite and rhyolite boulder conglomerates occur in the study area.

Because of the significant quantities of sandstones and mudstones
as well as conglomerates in the Post Oak Conglomerate, Al-Shaieb and
others (1980) informally named it a formation and assigned it a Leonar-
dian (Lower Permian) age. Collins (1985) questioned the formal status
of the "Post Oak Conglomerate" and its correlation with other units
that were assigned definite ages within the Lower Permian. Bridges
(1985) revised the Lower Permian stratigraphy in the Wichita Mountains
area (Figure 24). In the study herein "Post Oak Conglomerate" is used
as an informal term of convenience (Figure 3).

On the Geologic Map of Oklahoma, Miser (1954) mapped together as

the Wichita Formation the sedimentary rocks south of the Wichita

54
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Mountains. Havens (1977 and 1983) showed the Post Oak Conglomerate,
Hennessey Shale, and Garber Sandstone as separate, mappable units and
considered them as separate aquifers. By hydrogeologic criteria they
are difficult to differentiate because they are very similar textur-
ally, and they interfinger in the subsurface. The Pennsylvanian Oscar
Group is a name applied to some subsurface aquifer units, but its sand-
stones, shales, and arkoses are probably indistinguishable from the
overlying Permian rocks. In this study the Post Oak Conglomerate,
Hennessey Shale, and Garber Sandstone have been combined into the Post
Oak Aquifer because they are virtually undifferentiable, and they
exhibit similar hydraulic characteristics.

According to data from the National Uranium Resource Evaluation
Project (Union Carbide Corporation, 1980), well depths in the Post Oak
Aquifer are distributed approximately bimodally: most wells are either
less than 50 feet deep (15.2 m) or greater than 200 feet (61 m) deep.
The average effective aquifer thickness is the average depth of the
shallower wells, which tap an unconfined aquifer; the deeper aquifers
are confined or semi-confined. The total thickness of the Post Oak
Aquifer (Figure 25) is the difference between the land surface eleva-
tion and the elevation of the top of the Arbuckle Aquifer shown on the
structural contour map of Havens (1983, Plate 1).

In a study of the Post Oak Conglomerate, Stone (1977) determined
mineralogic and grain size dispersal patterns which are indicators of
alluvial fan environments of deposition. He postulated four paleo-
stream channels along the paths of sediment dispersal (Figure 26).
Stone's map was modified to show larger probable channel deposits

within the Post Oak Aquifer (Figure 27). Based on that map the aquifer
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Total Thickness of Post Oak Aquifer

Figure 25.
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was separated into two zones assuming that areas of coarse mean grain
size in the rock have higher transmissivity (Figure 28), permeability
(Figure 29), and expected well yield (Figure 30).

Channel areas indicated by large mean grain size also should have
more coarse-grained layers in the vertical section. The total thick-
ness of sand, gravel, and conglomerate layers within 50 feet (15.2 m)
of the surface (Figure 31; Table III), as determined from drillers'
logs, identify channels through Indiahoma, Cache, Lawton, and east of
Lawton. The presence of these layers below 50 feet indicates deeper

channel deposits.
Aquifer Characteristics

To determine the expected well yield in the channel areas, the
grain-size-permeability relationship was applied to data from seven
wells in the Post Oak Aquifer. From the upper range of the grain-size
envelope the permeability is 800 gpd/ft? (3.8 x 1074 m/s), and the
transmissivity is 16,000 gpd/ft (0.0023 m?/s). Assuming a maximum
theoretical drawdown of 11 feet (3.3 m), an average pumping duration of
660 minutes (11 hours), and a specific yield of two percent, the
average well yield in the channel areas would be 110 gpm (6.9 1/s)
according to Walton's formula (Equation 3-1). Assuming a five percent
specific yield, then the well yield would be 120 gpm (7.6 1/s). The
lower specific yield value is a typical value for an unconfined aquifer
listed in Walton (1970, p.315).

According to Stone's map (Figure 26), the coarser-grained channel
deposit zones have mean grain sizes of 0.5 and 1.0 phi (0.7 and 0.5

mm), equivalent to the Wentworth coarse sand size class (Folk,
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Figure 30.
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1980, p.23). A typical value of specific yield for coarse sand is 30
percent (Morris and Johnson, 1967, pp.D36-D37). From a relationship
between permeability and specific yield (Figure 32) the average perme-
ability of the coarse sand should be 900 gpd/ft? (4 x 1074 m/s); the
permeability value from the well log data, 800 gpd/ft2, was used
instead in order to underestimate the well yield in the Post Oak
Aquifer. The areas outside of the channel deposits have mean grain
sizes of 1.5 and 2.0 phi (0.35 and 0.25 mm), equivalent to the Went-
worth medium and fine sand size classes (Folk, 1980, p.23). These
grain sizes have typical vertical permeabilities of 340 and 94 gpd/ft2
(1.6 x 10-4 and 4.4 x 10_5 m/s), the nominal average of which is 200
gpd/ft2 (9 x 107> m/s). The transmissivity is thus 4000 gpd/ft

(6 x 1074 m?/s), and by Walton's formula (Equation 3-1) and the same

assumptions as above the average well yield would be 30 gpm (1.9 1/s).
Yield

Havens (1983) reported yields of less than 10 gpm (0.6 1/s) from
the Post Oak Conglomerate, Hennessey Shale, and Garber Sandstone;
pumping test yields from 15 wells, however, range from 0.3 to 800 gpm
(0.02 to 50 1/s). The lowest yields are from the deepest wells, those
greater than 200 feet (61 m). Wells less than 40 feet (12.2 m) deep
generally yield less than 100 gpm (6.3 1/s), while wells deeper than 40
feet yield more than 2100 gpm (132 1/s). The shallower, lower-yield
wells cluster between Cache and Indiahoma; the deeper, more productive
wells are located around Faxon (Figure 33).

The lineament analysis of the Post Oak Aquifer provided another

possible distribution of estimated well yield (Appendix G). Figure 34
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shows the distribution of well yields by cells in the Post Oak Aquifer
according to the grain-size distribution, and Figure 35 shows those
areas with greater yield because of both increased fracturing and
larger grain-size. These fractures would influence flow separately
from the grain-size distribution. Non-channel areas assumed to have
lower permeability, transmissivity, and yield because of smaller grain
size actually may be more productive because of a higher amount of
fracturing. A more extensive lineament analysis was applied to the

Arbuckle Group Aquifer (Chapter VI and Appendix G).

Gradient

The Post Oak water table map (Figure 36) is based on water-level
measurements in November, 1984 (Table XXVI, Appendix I). The water-
level contours are inferred across the channel areas because the higher
permeabilities of those areas would decrease the gradient and deflect
the contours. More water-level data are required to define better the
water table across the channels in particular areas. For the region
the gradients slope in the direction of increasing aquifer thickness,
to the east and south, and decreasing topographic elevation. Cones of
depression deflect the gradient in T 1 N, R 14 W, and T 3 N, R 10 W; at

Lawton the gradient slopes west into a water-table valley.

Recharge

Recharge to alluvium was determined from streamflow data as
described previously. To calculate recharge to the Post Oak Aquifer
rainfall data were compared with well hydrograph data according to a

method described by Lyons (1981, Table II, p.26). The mean annual
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recharge is 14 percent of rainfall, or 4.1 inches (104 mm; Table

XXVIII, Appendix J).
Results of Computer Simulation

Calibration of the Konikow model as applied to the Post Oak
required adjusting the storage coefficient, permeability, potentio-
metric head, and recharge. The original permeability values and their
distribution were modified to facilitate flow through the model; the
values determined previously were 800 gpd/ft2? for the channel areas and
200 gpd/ft? outside the channels. The higher permeability had to be
reduced to 400 gpd/ft? for the simulation because a low-permeability
cell would act as a barrier to flow from a high-permeability cell
because of the contrast between the former values.

Since water flows only across the face of a cell and not diago-
nally, it was difficult to duplicate exactly the geometry of the
channels. Thus, it was necessary to straighten the channels in order
to drain the aquifer and to prevent mounding against a low-permeability
cell (Figure 80, Appendix H).

For the simulation the saturated thickness was a constant value
for the entire grid. Twenty feet was the average saturated thickness
as determined from well logs (Appendix B). The initial water-table
elevation matrix was derived from Figure 36. During the calibration
the gradient was smoothed and the matrix was modified to eliminate
"holes" where water would accumulate as a mound and "hills" where water
would drain and excessive drawdown would occur (Figure 81, Appendix H).

One of the purposes of the calibration was to determine the opti-

mal recharge value, which initially was a constant for the entire grid,



73

4.1 inches per year (104 mm/yr). The value determined by the method
of Lyons (1981), described in Appendix J (Table XXVIII), was reduced
during the calibration to 0.125 and 0.4 in/yr (3.2 and 10.2 mm/yr).
These compare with the mean annual recharge on the Blue Beaver Creek
basin of 3.45 in/yr (87.6 mm/yr; Table XI, Appendix F) and with the
recharge rate listed by Pettyjohn and others (1983, p.43) of 0.5 in/yr
(13 mm/yr).

The node identification (NODEID) matrix replaced the constant
recharge input in order to account for greater flow into the aquifer at
nodes with higher permeabilities as described in Appendix H. The
recharge and discharge in the NODEID matrix compensate for mounding and
drawdown resulting from the water table and permeability matrices.

Various pumpages were established in the calibrated simulations in
order to stress the aquifer. Pumpage according to the actual and
assumed water use did not produce significant drawdowns (Figures 83 and
84, Appendix H). To determine the maximum allowable pumpages (Table
XXIII, Appendix H), the discharges were increased to prodﬁce drawdowns
of 14 ft, one foot above the five-foot well screen, at the pumping
nodes. The maximum pumpages ranged from 1.6 to 1.8 ft3/s (720 to 810

gpm; 45 to 51 1/s).
Ground-Water Quality

Nitrate and Fluoride Content

Nitrate and fluoride are regulated by the Oklahoma Department of
Health according to toxic limits established by the U.S. Environmental

Protection Agency. The Oklahoma water quality standards (Oklahoma
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Water Resources Board, 1982) allow the maximum level of nitrate (N03—N)
in public water supplies to be 10.0 mg/l and the level of fluoride to
be 1.6 mg/1.

Ground-water quality data for the Post Oak Aquifer and alluvium
were reported in Hounslow and Back (1985a and 1985b), Stone (1981), and
the U.S. Geological Survey Water Data Storage and Retrieval System
(WATSTORE). These data were used by the author to construct maps which
indicate areas where the maximum allowable levels of nitrate (N03—N)
and fluoride are exceeded (Figures 37 and 38). These data were not
differentiated according to depth. Areas of excessive nitrate are
north and west of Indiahoma, southeast of Cache, and north and east of
Lawton (Figure 37). Excessive fluoride occurs between Lawton and
Indiahoma, south of Cache, and north of the Wichita Mountains (Figure
38). The complex geochemistry of the occurrence of fluoride in the
Post Oak Aquifer (Hounslow and Back, 1985a; Back, 1985) implies that

wells within the same area would exhibit different amounts of fluoride.
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CHAPTER VI

GROUND-WATER HYDROLOGY OF THE

ARBUCKLE GROUP AQUIFER

Description

The Arbuckle Aquifer consists of the limestones and dolomites of
the Arbuckle and Timbered Hills Groups in the subsurface south of the
Wichita Mountains. These rocks crop out at three locations south of
the mountains, but are separated from the aquifer by a fault not shown
on the geologic maps by Havens (1977 and 1983). The absence of a fault
would indicate significant erosion of the upper part of the Arbuckle
Group. The Arbuckle rocks have probably been faulted into several
blocks south of the mountains as they have been to the north (Harlton,
1972), and the structural contour map by Havens (1983) shows a sharp
change in structural style southwest of Lawton which is probably evi-
dence of a fault. Unfortunately, the deep seismic survey by the Con-
sortium for Continental Reflection Profiling (Brewer, 1982) does not
indicate the shallow structures in the Arbuckle rocks.

The Arbuckle is absent in the subsurface adjacent to the Wichita
igneous block, south of Faxon, and west of Indiahoma (Figure 39). 1In
those locations the Permian sediments lie unconformably on the basement
igneous rocks. The thickness map of the Arbuckle Aquifer (Figure 39)
was modified from an Arbuckle isopach map (McDaniel, 1959, Plate I)

according to the elevation of the top of the Arbuckle shown in
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Havens (1983, Plate 1) and the depth to basement shown in Ham and
others (1964, Plate II). The aquifer thickens to the southeast in the

Marietta Basin (Figure 39).
Aquifer Characteristics

For the Arbuckle-Simpson Aquifer in the Arbuckle Mountains region,
Fairchild and others (1983) reported specific capacities of 0.26 to 77
gpm/ft (0.05 to 16 1/s/m), transmissivities of 40 to 67,600 f£t2/d (300
to 506,000 gpd/ft.) and storage coefficients of 0.006 to 0.011, with an
average of 0.008. These values were determined from aquifer recovery
tests, ground-water hydrographs, and stream hydrographs (Fairchild and
others, 1983, p.ll4). Fairchild and others (1983) cautioned that the
aquifer tests only roughly estimated the transmissivity because the
Arbuckle Aquifer did not satisfy the assumptions of homogeneity, isot-
ropy, infinite areal extent, and complete well penetration.

Aquifer test data for the Arbuckle Aquifer south of the Wichita
Mountains is scarce. Havens (1983) reported specific capacities of
0.25 and 0.88 gpm/ft (0.05 and 0.2 1/s/m) from two U.S. Geological
Survey wells. Applying the Theis equations to aquifer test and recov-
ery data from those wells (Table XXIX, Appendix K) provided mean trans-
missivities of 1300 (1.9 x 10™% m2/s) and 3800 gpd/ft (5.5 x 1074
m2/s). Walton's formula (Equation 3-1) applied to specific capacity
data from the U.S.G.S. and other wells gave a representative transmis-
sivity of 1720 gpd/ft (2.47 x 1074 m?/s; Figure 40); assuming an effec-
tive aquifer thickness equal to the average well penetration of 500
feet (152 m) provided a permeability of 3.5 gpd/ft? (1.7 x 10-6m/s;

Figure 41) for the Arbuckle Aquifer.
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A 24-hour aquifer test in May, 1986, performed by the Layne-
Western Company on Indiahoma municipal supply well #4 provided more
data on the Arbuckle Aquifer. Drillers' logs for this well and other
wells, aquifer test data, and analyses of these data are in Appendix L.

A preliminary estimate of the transmissivity was calculated from

the specific capacity by a formula for confined aquifers from Logan

(1964):
T=17500 (6-1)
s
where T = transmissivity, gpd/ft.,
Q = well yield, gpm, and
s = drawdown, ft.

Given an average well yield from the test of 53.3 gpm (3.36 1/s)
and a total drawdown of 296 £t (90.2 m), then the specific capacity is
0.18 gpﬁ/ft (3.7 x 1072 1/s/m), and the transmissivity is 315 gpd/ft
(4.5 x 10_5 m?/s). Assuming a storativity of 0.008 (Fairchild and
others, 1983, p.l46) and a well efficiency of 60%, then Walton's for-
mula (Equation 3-1) yields a transmissivity for the Arbuckle Aquifer of
410 gpd/ft (5.9 x 107> m?/s).

For further analysis the aquifer was assumed to be homogeneous,
isotropic, non-leaky, and infinite in areal extent compared to the well
radius, with water released instantaneously from storage. A logarith-
mic graph of drawdown measured in the pumped well versus time exhibits
a significant deviation from the Theis nonequilibrium type curve
(Figure 42) because of leakage to the Arbuckle Aquifer. The type curve
could be fitted to only the early part of the time-drawdown graph, and
later deviations were caused by a varying pumping rate. For the Theis

equations the distance between the pumped well and the observation
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well, r, was assumed to be equal to the radius of the pumped well. The
calculated transmissivity is 96 gpd/ft (l.4 x 107 m?/s), a low value,
and the storativity is 0.36, an extreme value not characteristic of a
confined aquifer (Appendix L).

A semi-logarithmic graph of drawdown (linear) versus time (loga-
rithmic) is linear when u = 0.01 (Waltom, 1970, p.212), usually after a
sufficient amount of time has elapsed during an aquifer test. The
following equation provides the length of this time period for the
drawdown data to become linear and for the straight-line (Cooper-Jacob)

method to be valid (Walton, 1970, p.212):

tg= 1.35 (10°) r? s (6-2)
T

where t = elapsed time required for a semi-logarithmic time-
or distance-drawdown graph to describe a straight
line, minutes,

r = distance from pumped well to observation well, ft,
S = storativity, fraction, and
T = transmissivity, gpd/ft.

Applying this equation to the Arbuckle Aquifer with transmissivity
derived from specific capacity data (Table XXIX, Appendix K), stora-
tivity from Fairchild and others (1983, p.l46), and distance to the
observation well equal to the radius of the pumped well, gives a
required time of 0.2 minutes (Appendix L), Thus, this straight-line
method is valid for the data from the pumped well. The assumptions
associated with this method are the same as those for the Theis
analysis. The graph of drawdown versus time deviates from a straight
line because of leakage (Figure 43); the transmissivity calculated from

the graph is 58 gpd/ft (8.3 x 10~ m?/s), a low value (Appendix L).



300 — |
an
o ° o
o e
o
o
| ° B
0,0
o
o
o -
%% o . o © o3
o tf{
(o] oofo
200 -} - —
o
o)
e
0w
o
c~ (o]
5 i
g O,
; o
5 T = 2300 = 117 gpd/ft
a
///p AYWAY:
100 $=2.25T¢t_ = 0.24 B
—=y— o
r
Test Discharge Rate, Q, gpm o oqb oocqpéo
50 - o © 00 0 0 00000, 4 ©00 o o0 0 000000000  ©C000 50
0 T T T LENR A A | T T T T 1T 1T 717 T T T T v rryrrvrrrres 0
10 100 1000 2000
Time, t, min
Figure 43. Cooper-Jacob Time-Drawdown Analysis for Indiahoma Well #4

wdb ‘P ‘saey
sbaeyssTg 23591

68



86

Drawdowns in nearby monitoring wells (wells #1 and #2) were measured
too early for the data to become linear.

Drawdown measurements from wells #1 and #2 allowed the calculation
of aquifer characteristics according to a distance-drawdown method of
Walton (1970, p.217) which uses the Hantush-Jacob formulas for field

units (Fetter, 1980, p.275):

s = 2.3 Q W(u,r/B) (6-3)
4 T
u= r2§ (6-4)
4 T
I = r (6-5)
B (Tbo/K)?
where s = drawdown, ft,

Q = discharge, gpm,

r = radial distance from pumped well, ft,

T = transmissivity, gpd/ft,

S = storativity, dimensionless,

t = time, min,

b'= thickness of aquitard, ft,

K'= vertical permeability of aquitard, gpd/ft2, and

W(u,r/B) = well function for leaky artesian aquifers.

This method assumes a leaky artesian aquifer with no storage in a

thin, relatively permeable aquitard. A graph of drawdown versus dis-
tance to the pumped well was matched with a graph of W(u,r/B) against
r/B for various values of u (Figure 44). Because drawdown measurements
were not simultaneous but were taken six minutes apart, there are only
two data points on the distance-drawdown graph. The transmissivity

determined by this method was 1800 gpd/ft (2.6 x 1074 m?/s), and the
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storativity was 1.2 x 1072 (Appendix L), very low values compared to
those from Fairchild and others (1983, p.l146) of 112,000 gpd/ft
(0.016 m?/s) and 0.008.

A source of the leakage during pumping could be the Permian strata
above the Arbuckle Aquifer as predicted by the recharge regime in the
area (see Recharge below and Figure 51). Solution openings filled with
red-bed material in the Arbuckle rocks provide a pathway for leakage.
Because of the varied lithology of the Permian red beds, it is diffi-
cult to differentiate an actual aquitard. Assuming that the complete
Permian section below the Post Oak Aquifer acts as an aquitard, then
its thickness, b' or m', is about 400 ft (122 m). Its maximum vertical
permeability, K' or P', would be about 390 gpd/ft? (1.8 x 1074 m/s;
Appendix L).

Residual drawdowns in the pumped well were measured during a
recovery test (Figure 45) which provided a transmissivity of 350 gpd/ft
(5.0 x 1072 m?/s; Appendix L), a value comparable to that derived from
the specific capacity data. Neither the distance from the pumped well
nor well efficiency are factors in this calculation.

The methods previously applied to the aquifer test data assume
radial porous-media flow to the pumped well. As noted above, however,
ground-water flow in the Arbuckle Aquifer is through fractures. The
time-drawdown data (Figure 43) exhibit an influence by fracture flow
in the decreased rate of drawdown after 100 minutes indicating contri-
bution from a fracture then the increased rate of drawdown after 200
minutes indicating drainage of the fracture. Jenkins and Prentice
(1982) developed a method for aquifer test analysis in fractured rocks

assuming linear, or non-radial, flow towards a fracture or "extended
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well". An arithmetic plot of drawdown, s, in the pumping or observa-
tion well versus the square root of time, t% (Figure 46), should be a
straight line if flow is linear towards the fracture. It is not neces-
sary that the well intersect the fracture for this analysis.

Early drawdown data from the Indiahoma wells plot on straight
lines indicating possible linear flow, but more accurate data from a
longer aquifer test (t% > 40) would be required to confirm this result,

The analysis allows calculation of the length and orientation of
the fracture contributing to the well, but geologic evidence should be
used to confirm these parameters. Although the calculated orientation,
40° W of N (Appendix L), coincides with a number of surface lineaments
(Figure 62, Appendix G), the method assumes that the observation wells
are on the same side of the fracture, an assumption considered beyond
the precision of the drawdown data and the geologic evidence.

These aquifer test analyses provided transmissivity values over a
two-order-of-magnitude range (Table I) and storativity values that were
not characteristic of a confined aquifer (Appendix L). Previous
studies (Havens, 1983; Fairchild and others, 1983) have relied on
recovery tests to determine aquifer characteristics. For this study
Walton's distance-drawdown analysis assuming a leaky aquifer (Figure
44) was believed to provide the best value of transmissivity, although
the distance~drawdown graphs were based on only two data points and the
assumptions may have been invalid (Walton, 1970, p.217). This method
accounts for leakage and for flow between an observation well and the

pumped well, and well loss is not a factor.
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TABLE I

TRANSMISSIVITY AND STORATIVITY VALUES
FROM AQUIFER TEST OF INDIAHOMA
MUNICIPAL WELL #4

Method Transmissivity Storativity
gpd/ft
Theis 96 *
Cooper-Jacob 117 *
Recovery 350 -
Specific
Capacity, 100 7% 246 -
60% 410 -

Logan (1964) 320 -
Walton: distaﬁce-

drawdown 1800 1.2 x 107
Fracture flow 1400 0.001 assumed

* Value is uncharacteristic of confined
aquifer (Appendix L).

Yield

Arbuckle wells yield 300 to 2500 gpm (19 to 158 1/s) in the Lawton
area; further west the yields range from 25 to 150 gpm (1.6 to 9.5 1/s;
Havens, 1977). The wells typically are cased to the top of the lime-
stone aquifer and either produce from an open hole or are screened
opposite producing intervals (Figure 52).

The calculated yield of the Arbuckle Aquifer is 270 gpm (17 1/sj
Figure 47), based on an average well radius of 0.28 feet (3 3/8 inj

8.6 cm), an average pumping duration of 5000 minutes (30 hours), and a
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maximum drawdown of 350 ft (107 m). Storativity was assumed to be
0.0001, a typical value listed in Walton (1970, p.315) for a confined
aquifer. With a storativity of 0.008, calculated yield should be

350 gpm (22 1/s).

The lineament analysis of the Arbuckle Aquifer provided the pos-
sible distribution of estimated well yield. The two methods of analy-
sis (Appendix G) located areas which would yield more than 270 gpm
(Figure 48), the average yield calculated from production well test

data.
Gradient

The Arbuckle Aquifer is confined, with considerable artesian
pressure: deep wells in Lawton have flowed, and in a 997-foot (304 m)
U.S.G.S. observation well southeast of Cache (Figure 49) the water
rises 452 feet (138 m) above the top of the aquifer. Water-table
elevations were measured at three locations in Lawton and Indiahoma in
March, 1985 (Table XXVII). Land-surface elevations were determined
from topographic maps. The Oklahoma Water Resources Board reported a
2800-foot (853 m) flowing well east of Lawton, and the U.S.G.S. obser-
vation well provided a fifth control point. A well at Cache was re-
ported to have a water-level elevation of 1116 feet in May, 1972.
Assuming a subsequent rise equal to that at the observation well, 10.5
feet (3.2 m), then the water level at Cache in March, 1985, should have
been 1126 feet. The same procedure applied to Indiahoma well #2 pro-
vided an expected water-level elevation of 1134 feet, which compares
with an elevation measured in May, 1986, of 1140 feet. This figure

should approximate the elevation for the previous year because the
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water table has not fluctuated more than two feet since 1980 (Figure
50).

These six control points indicate a gradient dipping to the east
and north (Figure 49). The fault between the Wichita Mountains and the
Arbuckle Group and outcrops of Arbuckle rocks to the south are minor
recharge areas; the potentiometric surface is higher adjacent to these
features. The Arbuckle rocks dip to the south and east, and the gra-
dient should follow this geologic control. However, deeper burial and
higher pressure to the south raises the potentiometric surface as shown
by deep flowing wells in this area.

A hydrograph of the U.S.G.S. observation well (Figure 50) shows a
major rise in water level of 16 feet (4.9 m) in 1972 and 1973 followed
by lesser fluctuations and a decline in water level from 1974 to 1984.
The recovery of water level was probably the result of the decreased
pumpage from the Arbuckle Aquifer because Lawton no longer used ground
water for municipal supply; subsequent fluctuations were caused prob-
ably by minor pumpage for non-municipal supply. Because the observa-
tion well is within the area of recharge for the Arbuckle Aquifer
(Figure 51), the hydrograph would record the effects of recharge; these
are the yearly changes in water level in response to longer precipita-
tion trends. However, because detailed pumpage data for the Arbuckle
Aquifer were not available, it was not possible to determine whether a
particular water-level fluctuation was due to either pumpage or
recharge. Recharge fluctuations are long-term, whereas pumpage fluc-
tuations are both long- and short-term. Because the Arbuckle lies

below a thick aquitard, particular fluctuations should not be corre-
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lated with specific precipitation events because of the unknown re-
charge lag time. The hydrographic data lacks the precision required to
determine the barometric efficiency of the aquifer, or its response to

changes in atmospheric pressure (Walton, 1970, p.208).

Recharge

The potentiometric surface of the Arbuckle Aquifer and the water
table of the Post Oak Aquifer define a recharge regime between the two
aquifers. Arbuckle potentiometric surface elevations were interpolated
for the locations of wells in the Post Oak Aquifer (Figure 94, Appendix
I). The difference between the potentiometric surface elevations of
the Post Oak and Arbuckle aquifers indicates the direction of recharge
between them (Figure 51). To the north the Post Oak potentiometric
head is higher, and recharge is to the Arbuckle. To the south the
Arbuckle potentiometric head is higher, and recharge is to the Post
Oak, although pumping can disrupt this recharge regime as seen in
T 2 N, R 12 W. This relationship shows that all areas of the Arbuckle
are not recharged through the Post Oak, as stated by Davis (1958) and
Havens (1983).

Flow through the Arbuckle Aquifer is along joints and fractures
which have developed with the tectonic movements of the Wichita uplift
and subsequently have been enlarged by solution. These solutional
openings are evident on the caliper log, which measures drill-hole
diameter, in Havens (1983, Figure 4). Intragranular porosity is
assumed to be low in most of the Arbuckle rocks (Fairchild and others,
1983). The occurrence of red-bed material below limestone layers in a

well into the Arbuckle Aquifer (Figure 100, Appendix L) along with other
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evidence (Donovan, personal communication) indicates that the Arbuckle
rocks were eroded, karst features developed, and these filled with

Permian sediments (Figure 52).

Ground-Water Quality

Nitrate and Fluoride Content

The nitrate (NO3-N) content in the Arbuckle Aquifer within the
study area ranges from O to 1.2 mg/l. Havens (1983, Table I) listed an
analysis from a 550-foot (168 m) well that showed 85 mg/l nitrate, but
this sample probably was contaminated. The fluoride level ranges from
1.6 to 17 mg/1 (Havens, 1983, Table 1). Water samples from a test well
into the Arbuckle at Indiahoma exhibited fluoride contents ranging from
4.2 to 16.0 mg/1, generally increasing with depth from 420 to 655 ft
(128 to 200 m). Nitrate contents of these samples ranged from 0 to
2.8 mg/l. The location of this well is within the area of excessive
fluoride discussed previously (Figure 38). A discussion of the water

analyses is in Appendix M.
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CHAPTER VII
RESULTS AND CONCLUSIONS
Summary of Methods

The principal aquifers in Comanche County are the alluvial
aquifer, the Post Oak Aquifer, and the Arbuckle Group Aquifer. The
alluvial aquifer comnsists of silts, sands, gravels, and clays within
the creek valleys; the Post Oak Aquifer consists of Permian sandstones,
shales, and conglomerates. Cambrian and Ordovician carbonates comprise
the Arbuckle Group Aquifer, which lies below the Post Oak. These
aquifers were evaluated by various methods.

Field methods included the measurement of water levels in the
three aquifers, electric resistivity surveys to determine the thickness
of the alluvium, and an aquifer test of the Arbuckle Group Aquifer. A
grain size-permeability relationship was applied to data from litho-
logic well logs in order to estimate the permeability and transmis-
sivity of the alluvium and the Post Oak Aquifer. Transmissivity,
permeability, and yield of all the aquifers were calculated from pro-
duction and aquifer test data according to a relationship between
transmissivity and specific capacity.

A computér program which calculates baseflow, RECHARGE, also
calculated the recharge to the alluvial aquifer and was used to deter-
mine the relationship between ground water in the alluvium and surface

water. A numerical ground-water hydraulics model applied to the Post
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Oak Aquifer determined its aquifer characteristics and demonstrated
their interaction over time.

It was assumed that ground-water flow in both the Post Oak and
Arbuckle aquifers is through fractures which should be evident as line-
aments. A lineament analysis of aerial photographs showed the possible

distribution of well yields in the aquifers.
Aquifer Characteristics

The grain size-permeability relationship indicated a mean perme-
ability for the alluvium of 990 gpd/ft? (4.7 x 1074 m/s) and a mean
transmissivity of 15,840 gpd/ft (0.0023 m?/s). Well yields range from
5 to 500 gpm (0.3 to 32 1/s), but an average expected well yield cal-
culated from well log data is 77 gpm (4.9 1/s). The average thickness
of the alluvium is 33 ft (10 m), with a range from-10 to 65 ft (3 to
19.8 m).

The Post Oak Aquifer has an average effective thickness of 50 ft
(15.2 m) and an average saturated thickness of 20 ft (6.1 m). Well log
data and the grain size-permeability relationship provided an average
permeability of 800 gpd/ft? (3.8 x 1074 m/s) and an average transmis-
sivity of 16,000 gpd/ft (0.0023 m2/s). Average well yield would be 110
gpm (6.9 1/s) according to a relationship between well yield and
specific capacity. Areas of greater well yield according to the linea-
ment analysis are shown in Figure 35. Recharge to the aquifer, deter-
mined from rainfall and hydrographic data, is 4.1 in/yr (104 mm/yr).

The aquifer parameters in the ground-water hydraulics model of the
Post Oak Aquifer were modified to facilitate flow through the model.

The higher permeability value, 800 gpd/ft2, was reduced to 400 gpd/ft?,



105

the geometry of channel areas of higher permeability was modified to
drain the aquifer, and the water table was smoothed to prevent exces-
sive drawdown or mounding. Calibration of the model determined the
recharge rates to be 0.125 in/yr (3.2 mm/yr) in the channel areas and
0.4 in/yr (10.2 mm/yr) in the less permeable areas.

According to a specific yield-permeability relationship the
specific yield for the more permeable areas is 0.279 and that for the
less permeable areas is 0.255. Actual pumpages from both areas did not
stress the aquifer with excessive drawdowns. To stress the aquifer,
pumpages were approximately doubled in order to create drawdowns to the
top of the assumed well screen length. Pumpages an order of magnitude
greater than the actual values did not stress the more permeable nodes,
but they caused excessive mounding in the less permeable nodes.

The simulations were considered accurate because the mass balance
residuals and errors were minimal. In response to actual pumpage the
modelled aquifer gained water, which was added to storage. With in-
creased pumpage, water was released from storage to compensate for the
loss of water from the modelled aquifer. Although two simulations were
designed without pumpage, the model labelled as pumpage water that was
not removed by either leakage or addition to storage.

The Arbuckle Aquifer is recharged through the Post Oak Aquifer in
the north but provides recharge to the Post Oak to the south. Specific
capacity data provided a transmissivity for the Arbuckle of 1720 gpd/ft
(2.47 x 104 m?/s) and a permeability of 3.5 gpd/ft? (1.7 x 1076 m/s).
The aquifer test data and various methods of analysis gave a two-order-
of-magnitude range of transmissivity and storativity values. Analysis

of the aquifer test data assuming a leaky artesian aquifer with no



106

storage in the aquitard was considered to provide the best values of
transmissivity, 1800 gpd/ft (2.6 x 1074 n?/s), and storativity,

1.2 x 1072, The calculated yield of the Arbuckle Aquifer was 270 gpm
(17 1/s); areas of higher well yields according to lineament analysis
areinT2N/R12W, T 2 N/R 10 W, T1N/R11 Wto 14 W, T1N/R9W,

T1S/R14W,and T1S/R12 W (Figure 48).
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Figure 53. Well Location System (from Havens,

1983, p.3)
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REPORTED WATER WELL DATA

TABLE II
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Aquifer
Well Location Qvner Depth Static Well Teat Dravdovn Pumping
Number ft. Water Radius Yield ft. Duration
Level ft. apm hrs.
Alluvium
Q1 3N-16W-29ba Soukup 35 20 0.5 100 10 100
Q2 3N-11¥W-5b Comanche Co. 46 7.5 ——- iso 23 -
east vell RWD 2
Q3 3N-11W-5Sb Comanche Co. 22 3.5 -—— a0 11 --
vest vell RWD 2
Q4 3N-11W-5Sbac Glover 45 8 1.0 800 18 30
Qs 2N-15W-34daa Williams 33.5 15.2 0.21 12.5 - 1
Q6 2N-14W-23ccb Dreith 29 12 0.21 6 - 1
Q7 2N-14W-23ccd Kissick 28.5 15.5 0.21 20 -- 1
Q8 1N-11W-32adaa Doye 18 - 0.5 30 - 24
Q9 1S-11W-9dbad Geronimo 1 &0 28.7 0.08 60 8.15 24
Q10 1S-11W-9dabb Geronimo 2 S0 21 0.08 S5 12.7 S
Qi 25-12W-8dddd Johnson 65 26 0.33 105.3 6 23
Q12 25-12W-18aaa Cotton Co. 52 32.6 0.45 240 41.4 24
RWD 2
Q13 25-12W-28aaa Comanche Co. 21 4 0.5 273 14.3 0.17
RWD 3
Q14 2N-14W-24 Fry 22.5 12.5 0.21 14.5 - 1
Cache
Q15 2N-14W-24 Turner 26 9.8 0.21 15 -- 1
Cache
Post Oak Aquifer
P1 2N-15W-24ddd Brovning 36 22 0.21 7 -- 1
P2 2N-14W-21bhd Caudle 230 90 0.19 0.33 230 48
PS 2N-14W-35ccd Hennesse 35.5 2 0.21 2.5 -- 1
P6 2N-14W-36aca Ware 200 70 0.19 3 150 1
P7 2N-14W-36acc Seigler 25.5 9.8 0.21 20 - 1
P8 2N-9¥W-21dab Butler 250 80 0.19 4 180 0.5
P9 1N-14¥W-20daa Young 39 35.35 0.21 3 - 1
P10 1S-14W-2bd CKT RWD 43 - 0.75 105 20 14

Bohl
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TABLE II (Continued)
Aquifer .
Well Location Ovwner Depth Static Well Test Dravdovn Pumping
Number ft. Water Radius Yield ft. Duration
Level ft. gpm hra.
Post Oak Aquifer
P11 1S-14W-12b McCollum 44 20 0.58 800 17 10
P12 1S-14W-12b Stall 42 14 0.5 500 15 10
P13 1S-13w-18 Peters 32 15 0.5 350 8 12
P14 15-13w-19 Peters 30 9 0.25 200 15 72
P15 25-12¥W-17bbb Witt S0 25 0.53 340 22 3
P16 25-12¥W-17bbb Cotton Co. 46 23 0. 45 S8 26 1
RWD 2, Witt
P17 2S5-12W-21bbbb  Cotton Co. 48 21.5 0.33 202 11 24
RWD 2, Petty
Arbuckle Aquifer
AL 2N-15W-26bcc Indiahoma 3 660 275 0.28 120 400 %6
A2 2N-14W-24cccc  Cache 1 715 125 0. 42 40 60 10
A3 2N-14W-24cccc  Cache 2 913 120 -- 145 140 --
A4 2N-14W-24cccc Cache 3 962 97 -- a3 160 -
AS 2N-14W-25adb usGs 2 1002 - 0.28 28 32 8
Moore
A6 iN-13W-4baa usGs 1 997 - 0.28 35 140 5.5
Green
A7 1S-11W-7daaa Geronimo 2243 1750 0.29 100 - --




TABLE III

DEPTH AND THICKNESS OF COARSE-GRAINED LAYERS
IN POST OAK AQUIFER
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Well  Sand Depth: Total Number
Well Location Owner Depth Thickness Thickness of
Number ft ft ft Sands*
Pl  2N-15W-24ddd Browning 36 23: 8 8 1
#7  2N-14W-lddc e} Camp Eagle 50 4: 5 5 1
#9  2N-l4W-lcda wi Camp Eagle 40 3:18 18 1
#12  2N-14W-2cdc si  Camp Eagle 40 18: 8 16 2
29: 8
#13  2N-14W-1lcdd Camp Eagle 134 6:10 40 2
20:30 (72)§ (5)§
62:18
84: 2
93:12
#14  2N-14W-lbabca Camp Eagle 40 16:14 14 1
#15  2N-14W-14add wi Camp Eagle 258 3:14 17 2
120: 3
P2  2N-14W-21bbd Caudle 230 118: 5 16 2
182:11 '
P5  2N-14W-35ccd Hennesse 35.5 0: 5 10 3
29: 1
30: 4
P6  2N-14W-36aca Ware 200 153: 3 14 2
180:11
P7  2N-14W-36acc Seigler 25.5 8:10 14 2
18: 4
#2  2N-13W-6cdcc Camp Eagle 74 4:15 15 1
#3  2N-13W-7bde Camp Eagle 105 15:29 29 1
#8  2N-13W-7bbbd Camp Eagle 54 3: 2 31 2
18:29
* Includes sand, gravel, and conglomerate. § Includes layers below

50 ft.



TABLE III (Continued)
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Well Sand Depth: Total Number
Well Location Owner Depth Thickness  Thickness of
Number ft ft ft Sands*
#10 2N-11lW-6aaa Fort Sill 42 30: 6 11 2
36: 5
2N-10W-13 U.S.G.S. 32 7: 3 15 2
20:12
#1 1IN-14W-27 C.K.T. 382 130:14 101 4
Fisher 180: 8
240:31
288:48
#2 IN-14W-27c C.K.T. 300 48:12 12 1
Fisher 146:11 (57)§ (6)§
200: 7
216: 8
238:11
264: 8
4 IN-14W-34c wi C.K.T. 360 52: 7 67 5
Fisher 161:10
214:10
242: 8
260:32
1N-13W-14abb Gibson 1663 390:20 (20)§ (1)§
IN-13W-25abb Powers 2015 120: 34 (234)§ (3)§
232:195
439: 5
P12 15-14W-12b Stall 42 10:13 29 2
23:16
#1  1S-12wW-15daa Carmichael 2095 37:13 13 1

Rogers

*

Includes sand, gravel, and conglomerate.

§

Includes layers below

50 ft.
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PERMEABILITY DATA FOR AQUIFERS
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DETERMINING PERMEABILITY FROM WELL LOGS

For the alluvium and the Post Oak Aquifer, permeabilities were
obtained from lithologic well logs by using a relationship between
grain size and permeability developed by Kent and others (1973; Patter-
son, 1984, p.80; Figure 54). This method could not be used for the
Arbuckle Aquifer because ground-water flow is through fractures and
solution openings.

Each layer in the aquifer was assigned to a hydraulic coefficient
(permeability) range according to its primary grain size as listed in a
driller's log. A shale, clay, silt, or very fine sand would be in
range 1, while a coarse sand or gravel would be in range 4. Sandy
layers of unspecified texture were assigned to range 5. The median
grain size of each range is associated with upper, middle, and lower
permeability values from the grain size envelope (Table IV). The
product of the permeability from the envelope and the ratio of the
saturated thickness of each layer to the total saturated thickness is
the weighted average permeability of the layer. The sum of the

weighted permeabilities is the total permeability:

n
Kw = Ki ts.
ts
i=1
where Kw = weighted average permeability, gpd/ft?,
Ki = permeability from grain-size envelope

for each layer, gpd/ft2,
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ts total saturated thickness, ft,

ts; = saturated thickness of each layer, ft,

]

n = number of layers in aquifer zone.
From the envelope permeabilities a range of total permeabilities

for the aquifer was obtained (Table V).

TABLE IV

PERMEABILITY VALUES FOR MEDIAN GRAIN SIZES

Perme- Median Upper Middle Lower

ability Grain K K K
Range Size Value Value Value
mm gpd/ft? gpd/ft® gpd/ft?

1 0.06 5.2 2.3 ]

2 0.125 64 42 28

3 0.25 328 217 144

4 0.5 1931 1028 788

5 0.19 202 124 76




TABLE V

CALCULATION OF PERMEABILITY FROM LITHOLOGIC LOG

FOR POST OAK AQUIFER

Weighted
Well No. Depth SWL ts Lith- ty Range ts; ts. Permeability Range
Owner ft. ft. ft. ology ft. ft. ts Upper Middle Lower
' % gpd/ft?
Pl 36 22 14 cl 23 1 1 7.1 0.37 0.16 0.07
Browning sd,cl 8 5 8 57.1 115 70.8 43.4
cl 5 1 5 35.7 1.86 0.82 0.36
Sum L7 71.8 43.8
SWL: static water level ts: total saturated thickness t;: thickness of each layer

ts;: saturated thickness of each layer

cl: clay

sd:

sand

A



TABLE VI

PERMEABILITY DATA FOR ALLUVIAL AQUIFER

Weighted
Well No. Depth SWL ts Lith- t Range tsl ggl Permeability Range
Quner ft. ft. ft. ology ft. ft. ts Upper mddlez Lover
% gpd/ft
Q5 33.5 15.2 18.3 £ ad S 2 4.8 26.2 16.8 11.0 7.34
Williams mud S 2 S 27.3 17.5 11.5 7.64
cs gr 8 4 8 43.7 844 449 344
rd bd c1 0.5 1 0.5 2.7 0.14 0.06 0.03
Sum 878 472 359
Q6 29 12 17 cl 8 1 6 35.3 1.84 0.81 0.35
Dreith mud 8 2 8 47.1 30.1 19.8 13.2
bould,mud 2.5 2 2.5 14.7 9.41 6.17 4.12
rd bd c1 0.5 1 0.5 2.9 0.15 0.07 0.03
Sum 41.5 26.8 17.7
Q7 28.5 158.5 13 gr 13 4 2.5 96.2 1857 988 758
Kissick rd bd c1 0.5 1 0.5 3.8 0.2 0.09 0.04
Sum 1857 88 758
Q9 60 28.8 31.2 ad,gr 14 4 5.2 16.7 322 172 132
Geronimo 1 cl,gr 10 2 10 32.0 20.5 13.4 8.96
rd sh 16 1 16 51.3 2.67 1.18 0.05
Sum 345 187 141
Q10 S0 21 239 fsltsd S 2 4 13.8 8.83 5.80 3.86
Geronimo 2 cl i0 1 10 34.5 1.79 0.79 0.34
sh 15 1 15 S1.7 2.69 1.19 0.52
Sum 13.3 7.78 4.72
Q1 65 26 39 sd, gr 34 4 i4 35.9 693 369 283
Johnson rd sh 25 1 25 64.1 3.33 1.47 0.64
Sum 636 370 284
Q12 52 32.6 19.4 c8 ad 25 4 9.4 48. 4 936 498 382
Cotton Co. cs gr 10 4 10 S1.S 995 530 406
RWD 2
Sum 1931 1028 788
Q14 22.5 12.5 10 cl 16 1 3.5 35 1.82 0.80 0.35
Fry gr 6.5 4 6.5 65 1255 668 S12
Sum 1257 669 512
Q15 26 9.8 16.2 cl 10 1 0.2 L2 0.06 0.03 0.01
Turner sd 3 S 3 18.5 37.4 22.9 14.1
cl 6 1 6 37.0 1.92 0.85 0.37
sd 7 S 7 43.2 87.3 53.6 32.8
Sum 127 77.4 47.3
Hean 794 425 324
Range 13.3- 7.78- 4,72~
1931 1028 788
SWL: static vater level ts: saturated thickness tl :  thickness of each
ts,: saturated thickness of lithology in aquifer zone
each lithology
bould: boulders gr: gravel sh: shale
cl: clay rd bd: red bed alt: silty
cs8: coarse sd: sand ss: sandstone
f: {fine sdy: sandy
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TABLE VII
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PERMEABILITY DATA FOR POST OAK AQUIFER

Weighted
Well No. Depth SWL ts Lith- t Range ts ts Permeability Range
1 1 1
Owner ft. ft. ft. ology ft. ft. ts Upper dedlez Lover
% gpd/ft
P1 36 22 14 cl 23 1 i 7.1 0.37 0.16 0.07
Browning sd,cl 8 S 8 57.1 115 70.8 43.4
cl S 1 S 35.7 1.86 0.82 0.36
Sum 117 71.8 43.8
PS 35.5 2 33.5 slt sd S 2 3 9.0 S5.76 3.78 2.52
Hennesse cl 24 i 24 71.6 3.72 1.65 0.72
gr,cl 1 4 1 3.0 57.9 30.8 23.6
s8 4 S 4 11.9 24.0 14.8 9.04
cl 1.5 1 1.5 4.5 0.23 0.10 0.04
Sum 91.6 S51.1 35.9
P7 25.5 S.8 15.7 gr 10 4 8.2 52.2 1008 537 411
Seigler ss 4 S 4 25.5 S1.5 31.6 19.4
cl 3.5 1 3.5 22.3 1.16 0.51 0.22
Sum 1061 569 431
] 39 35.5 3.5 sdy cl 4 2 3.5 100 64 42 28
Young
P11 44 20 24 cs sd 11 4 S 20.8 402 214 164
McCollum cs sd,gr 18 4 18 75.0 1448 771 591
sh 1 1 1 4.2 0.22 0.10 0.04
Sum 1850 985 755
P12 42 14 28 f sd 13 2 9 32.1 20.5 13.5 8.99
Stall cs sd 2 4 2 7.1 138 73.4 56.3
cs sd,gr 14 4 14 50.0 966 S14 394
&8 0.5 S 0.5 1.8 3.61 2.21 1.36
sh 2.5 1 2.5 8.9 0. 46 0.20 0.09
Sum 1129 603 461
P17 48 21.5 26.5 gr 18 4 16.5 62.3 1202 640 491
Cotton Co. cl 4 1 4 15.1 0.78 0.35 0.15
RWD 2, gr 4 4 4 15.1 291 155 119
Petty sh 2 1 2 7.5 0.39 0.17 0.08
Sum 1494 795 610
Hean 830 445 338
Range 64- 42- 28-
1850 985 755
SWL: static wvater level ts: saturated thickness tlz thickness of each
ts,: saturated thickness of lithology in aquifer zone
each lithology
bould: boulders gr: gravel sh: shale
cl: clay rd bd: red bed slt: silty
cs: coarse sd: sand ss: sandstone
f: fine sdy: sandy
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PROGRAM TO CALCULATE TRANSMISSIVITY

FROM SPECIFIC CAPACITY
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CALCULATOR PROGRAM FOR HEWLETT-PACKARD HP-11C

A calculator program written by Patterson (1984, p.142) for the
Texas Instruments TI-59 and modified for the Hewlett-Packard HP-11C
calculates transmissivity, T, from specific capacity, Q/s, according to

a formula by Walton (1970, p.315):

T=Q | 264 1log (Tt ) - 65.5
s 2693 rZ S

where T = transmissivity, gpd/ft.,
Q = specific capacity, gpm/ft.,
s
Q = discharge, gpm,

0]
[]

drawdown, ft.,

S = storativity of a confined aquifer or specific yield of an
unconfined aquifer, fraction,

r = nominal well radius, ft.,
t = duration of pumping, minutes.

Enter the program into calculator memory with the following:

Step Keystrokes

1 g P/R Program mode

2 f LBL A Labels and defines beginning of program;

A = any alphabetic or numeric key.

3 RCL 2 pumping duration, t

4 X multiplication

5 RCL 1 well radius, r

6 g x2

7 RCL O storativity, S, or specific capacity, Sy
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Step Keystrokes
8 X
9 2693
10 X
11 * division
12 g LOG
13 264
14 X
15 65.5
16 - subtraction
17 RCL 3 specific capacity, Q/s
18 X
19 g RIN End of program

To run the program store the following parameters in the
registers, Rn:

Ro: S or Sy

Rlz r

R2: t

R3: Q.
s

Enter (key in) any initial transmissivity value and begin the pro-
gram with the keystrokes f A. The "running" display flashes until a
calculated T value is shown. Enter this transmissivity and subsequent
values with the keystrokes f A wuntil the final transmissivity equals
the initial transmissivity. The permeability is the ratio of the
transmissivity to the saturated thickness:

K =T/b
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where K = permeability, gpd/ft?2,
T = transmissivity, gpd/ft.,
b = saturated thickness, ft.
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TABLE VIII

AQUIFER HYDRAULIC DATA

Aquifer Specific Tranemicssivity Tranemiggivity Transmissivity Permeability Permeability Permeability from Permeability
Well Capacity from Specific from Specific from Aquifer from Specific from Specific Lithologic Log from Aquifer
gpm/ft. Capacity, Capacity, 60% Test Capacity, 100% Capacity, 60% Upper Middle Lover Test
Efficiency Efficiency Efficiepgcy Eificiengy 2 2
gpd/ft. gpd/ft. gpd/ft. gpd/ft gpd/ft gpd/ft gpd/ft
Alluvium
Qs 7.36 14648 25030 15840 468 800 344 187 141 506
Q10 4.33 7507 12912 7433 259 445 - --- == 303
Q11 17.5 30530 52388 16593 783 1343 696 370 284 425
Q12 5.8 8916 15407 --- 460 794 1931 1028 788 -
Hean 8.7 15400 26434 13289 492 846 990 528 404 411
Post QOak Aquifer
P11 47.1 76544 131944  ----- 3189 5498 1850 98s 755 .-
P12 33.3 53912 92986 @00 ----- 1925 3321 1129 603 461 --—-
P17 18.4 32309 55445 24970 1219 2092 1494 795 610 942
Mean 32.9 54255 93458 2111 3637
Well
Arbuckle Aquifer Penetration
into Arbuckle
AL 0.3 633 1085 --- 15.8¢ 27.11¢ 40£ft. --- -—-- ===
A2 0.67 1228 2103 --- 3. 41t 5.8¢¢ 365 --- -—- ---
AS 0.88 1705 2919 3800+ 2.7¢ 4.61¢ 639 --- --- 0.47
A6 0.25 434 757 1300:¢ 0.93t 1614 469 == - 0.20
Mean 0.52 1000 1716 2550 5.7 9.8 491
Mean of highest
3 values
* Mean of 3 values
*e Mean of 4 values
¢+ K = transmigsivity (100% efficiency) K (from aquifer test) = T_(from test)

vell penetration

vell penetration

tt K = tranemissivity (60% efficiency)

vell penetration

(44!
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SURFACE-WATER HYDROLOGIC AND

CHEMICAL DATA
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DESCRIPTION OF RECHARGE PROGRAM

RECHARGE, a computer program developed by Pettyjohn and Henning

(1979), calculates by three methods the baseflow, that portion of the

stream discharge contributed by ground-water runoff (Figure 55).

Miller (1984) described the methods, fixed interval, sliding interval,

and local minima. The RECHARGE program demonstrates the direct rela-

tionships between baseflow and recharge and between streamflow and

evapotranspiration, assuming that inflow to the basin is by precipi-

tation only, and that outflow is by stream discharge and evapotrans-

piration. These are valid assumptions for Blue Beaver Creek because

most of the basin lies within the Fort Sill Military Reservation where

there is no irrigation and no facilities upstream which discharge

effluent to the stream. The relationships are expressed as the

following:
I=0
P = Qt + ET
P=Qs + Qg + ET
P - ET = Qs + Qg
where I = inflow

0 = outflow

P = precipitation on the basin

Qt

total discharge from the basin

ET = evapotranspiration

144
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surface runoff

Qs
Qg

ground-water runoff, or baseflow.

By equation (F-2), the difference between rainfall on the basin
and streamflow from the basin is evapotranspiration (Tables IX and X).
For the Blue Beaver Creek basin, annual evapotranspiration ranged from
16.8 to 30.9 inches (427 to 785 mm) for the 15-year period 1968 to
1982. According to this equation, evapotranspiration is greatest
during the spring when rainfall is greatest, but the percentage of
precipitation lost to evapotranspiration is greater during the summer.
Part of what is called evapotranspiration in equation (F-2) is actually
precipitation held in temporary storage as soil moisture in the unsat-
urated zone during the spring. This soil moisture is later removed by
evapotranspiration in the summer. Expressed as a percentage of precip-
itation, evapotranspiration is shown to be greatest in the late summer
(Figure 56); over the l5-year period evapotranspiration averaged 81% of
precipitation.

By equation (F-4), the ground-water runoff is a measure of re-
charge, that part of precipitation not lost to evapotranspiration and
not contributing directly to surface runoff. The net recharge rate is
the ratio of baseflow to the basin area (Table XI). The annual re-
charge rate ranged from 7500 to 327,000 gpd/mi? (0.13 to 5.53 1/s/km2),
or 0.97 to 8.4 in/yr (24.6 to 213 mm/yr), and averaged 3.45 in/yr over
a 15-year period. During the year recharge follows a trend opposite to
that of evapotranspiration (Figure 56): it is at a maximum in spring

and at a minimum in late summer.
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TABLE IX

MONTHLY EVAPOTRANSPIRATION, BLUE BEAVER CREEK BASIN,

1968-1982 WATER YEARS

(1) (2) (3) (4)
Month Mean Total Evapo- ET as
Monthly Discharge, trans- % of
Precip., inches piration, Precip.
inches inches (4)/(2)x100
(2)-(3)
Jan. 1.06 0.31 0.75 70.6
Feb. 1.05 0.43 0.62 59.0
Mar. 1.99 0.82 1.17 58.8
Apr. 2.49 0.81 1.68 67.5
May 5.97 2.00 3.97 66.5
June 3.21 0.89 2.32 72.3
July 2.03 0.14 1.89 93.1
Aug. 2.73 0.10 2.63 96.3
Sept. 3.46 0.24 3.22 93.1
Oct. 2.60 0.24 2.36 90.8
Nov. 1.59 0.18 1.41 88.7
Dec. 0.96 0.13 0.83 86.5
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TABLE X

ANNUAL EVAPOTRANSPIRATION, BLUE BEAVER CREEK BASIN,
1968-1982 WATER YEARS

(1) (2) (3) (4) (5)
Water Total Total Evapo- ET as 2 yr.
Year Precip., Discharge, trans- % of Moving
inches inches piration, Precip. Avg. Total
inches (4)/(2)xl00 Precip.
(2)-(3)
1968 28.35 7.89 20.46 72.2 ——
1969 33.83 6.14 27.69 81.8 31.09
1970 22.30 1.92 20.38 91.4 28.06
1971 27.61 0.67 26.94 97.6 24.96
1972 19.80 2.98 16.82 85.0 23.70
1973 45.99 15.08 - 30.91 67.2 32.90
1974 24.25 5.53 18.72 77.2 35.12
1975 36.05 9.78 26.27 72.9 30.15
1976 27.15 3.18 23.97 88.3 31.60
1977 24.36 3.65 20.71 85.0 25.76
1978 28.95 9.78 19.17 66.2 26.66
1979 25.50 5.77 19.73 77.4 27.2
1980 19.42 2.04 17.38 89.5 22.46
1981 31.32 3.96 27.36 87.4 25.37
1982 41.94 12.62 29.32 69.9 36.63

Avg. 29.12 6.07 23.06 80.6 ——
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TABLE XI

RECHARGE RATES, BLUE BEAVER CREEK BASIN, 1968-1982 WATER YEARS

Units are gpd/mi? x 10E

1968 1969 1970 1971 1972 1973

E E E E E E

Jan. 0.28 6 0.59 5 0.18 5 0.10 4 0.74 5 0.60 6
Feb. 0.40 6 0.27 6 0.11 5 0.92 3 0.34 5 0.25 6
Mar. 0.58 6 0.57 6 0.36 6 0.90 3 0.20 5 0.86 6
Apr. 0.22 6 0.12 6 0.25 6 0.46 3 0.96 5 0.88 6
May 0.27 6 0.75 6 0.67 5 0.52 3 0.20 6 0.14 6
June 0.43 6 0.62 5 0.50 4 0.90 4 0.11 5 0.15 6
July 0.43 5 0.47 3 0.26 3 0.90 4 0.42 3 0.19 5
Aug. 0.20 4 0.40 4 0.26 3 0.50 4 0.26 3 0.30 4

Sept. 0.10 4 0.22 5 0.21 5 0.56 5 0.25 3 0.33 6

Oct. 0.52 3 0.20 5 0.63 3 0.89 5 0.45 5 0.26 6
Nov. 0.13 5 0.20 5 0.99 3 0.86 5 0.41 6 0.72 5
Dec. 0.73 5 0.19 5 0.10 4 0.29 6 0.17 6 0.14 6

Wtr. Yr. 1.97 5 1.65 5 6.7 4 7.5 3 7.6 4 3.27 5

Annual Recharge Rate x 10E
E E E E E E
gpd/£t? 7.07 -3 5.92 -3 2.40 -3 2.68 -4 2.73 -3 1.17 =2
in/yr 4.14 3.47 1.41 1.57 1.60 6.87

gpd/ft? x 586 = in/yr




TABLE XI (Continued)

Units are gpd/mi2 x 10F

1974 1975 1976 1977 1978
E E E E E
Jan. 0.67 5 0.20 6 0.20 4 0.10 4 0.26 5
Feb. 0.56 5 0.48 6 0.20 4 0.79 5 0.28 6
Mar. 0.63 6 0.24 6 0.30 4 0.30 5 0.40 6
Apr. 0.12 6 0.20 6 0.54 6 0.62 5 0.51 5
May 0.32 6 0.63 6 0.30 6 0.25 6 0.31 6
June 0.18 5 0.43 6 0.96 5 0.42 5 0.74 6
July 0.26 3 0.14 6 0.18 5 0.20 4 0.12 5
Aug. 0.26 3 0.47 5 0.52 3 0.33 5 0.10 4
Sept 0.30 4 0.60 4 0.97 3 0.48 5 0.10 4
Oct. 0.74 5 0.10 4 0.10 4 0.25 5 0.39 5
Nov. 0.36 6 0.10 4 0.10 4 0.47 5 0.38 5
Dec. 0.11 6 0.10 4 0.84 3 0.27 5 0.39 5
Wtr. Yr. 1.43 5 2.48 5 8.2 4 4.6 4 1.63 5
Annual Recharge Rate x 10E
E E E
gpd/ft?2  5.13 -3  8.90 -3 2.94 -3 1.65 -3 5.85 -3
in/yr 3.00 5.21 1.72 0.97 3.42

gpd/ft? x 586 = in/yr
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TABLE XI (Continued)

Units are gpd/mi? x 10

1979 1980 1981 1982 Avg.

E E E E E
Jan. 0.90 5 0.14 5 0.10 4 0.21 5 9.71 4
Feb. 0.91 5 0.56 5 0.95 3 0.22 5 1.355
Mar. 0.33 6 0.335 0.10 4 0.52 5 2.74 5
Apr. 0.55 6 0.56 5 0.22 6 0.77 5 2.30 5
May 0.26 6 0.22 6 0.48 6 0.17 7 3.95 5
June 0.21 6 0.815 0.39 6 0.74 6 2.27 5
July 0.70 4 0.10 4 0.23 5 0.51 5 2.27 4
Aug. 0.56 3 0.10 4 0.40 4 0.10 4 6.86 3
Sept. 0.51 3 0.10 4 0.27 3 0.76 5 3.77 4
Oct. 0.20 4 0.10 4 0.36 6 0.25 5 6.22 4
Nov. 0.20 4 0.10 4 0.40 5 0.32 5 7.54 4
Dec. 0.20 4 0.10 4 0.33 5 0.29 5 6.27 4

Wtr. Yr. 1.63 5 1.41 5 4.0 4 9.4 4 2.72° 5

Annual Recharge Rate x 10E
E E E E E
gpd/ft? 5.06 -3 1.43 -3 3.37 -3 9.76 -3 4.95 -3
in/yr 2.96 8.40 1.97 5.71 3.49

gpd/ft? x 586 = in/yr




TABLE XII

MONTHLY AND ANNUAL STREAM DISCHARGE, INCHES,
BLUE BEAVER CREEK, 1968-1982 WATER YEARS

1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 Avg.
Jan. 0.85 0.12 0.03 <.01 0.14 2.49 0.12 0.47 <.01 <.01 0.05 0.22 0.05 0.0 0.04 0.31
Feb. 1.07 0.84 0.02 <.01 0. 06 0.51 0.11 1.21 <.01 0.31 0.78 0.18 1.25 0.0 0.04 0. 43
Mar. 1.35 1.35 0. 86 <.01 0.04 4.19 1.95 0. 48 0.01 0.06 0.89 0.97 0. 06 <.01 0.10 0. 82
Apr. 0.49 0.24 0.68 <.01 0.91 2.44 0.44 0. 40 1.97 0. 49 0.10 1.75 0.14 0.61 1.49 0.81
May 1.53 2.89 0.15 <. 01 0.60 0.27 1.72 3.57 0. 86 1.25 5.19 1.34 1.44 1.59 7.68 2.00
June 2.24 0.16 0.01 0.02 0.02° 1.45 0.04 1.63 0.27 0.10 2.55 1.08 0.20 1.63 2.01 0.89
July 0.11 <.01 0.0 0.02 <.01 0.04 <.01 0.59 0.04 <. 01 0.02 0.02 <.01 0.10 1.13 0.14
Aug. <.01 <. 01 0.0 0.04 0.0 0.01 0.0 0.10 <.01 1.29 0.0 <. 01 0.0 0.01 <. 01 0.10
Sept. 0.02 0.28 0.04 0.58 0.0 1.38 0.06 0.02 <.01 0.13 0.0 0.0 0.0 0.0 1.10 0.24
Oct. <.01 0.04 <.01 0.33 0.82 0.65 0.27 <.01 <.01 0.05 0.0 0.0 0.0 1.25 0.05 0.24
Nov. 0.09 0.04 <.01 0.17 1.14 0.15 0. 84 <. 01 <. 01 0.10 0.0 0.0 0.0 0.08 0.06 0.18
Dec. 0.16 0.04 <.01 0.70 0.32 0.28 0.21 <.01 <.0Y 0.05 0.0 <. 01 0.0 0.06 0.06 0.13
Total:
Cal. Yr. 7.92 6.01 1.80 1.87 4.08 13. 86 5.76 8.48 3.17 3.84 9.79 5.58 3.15 5.34 13.76 6.29
Wtr. Yr. 7.89 6.14 1.92 0.67 2.98 15.08 5.53 9.78 3.18 3.65 9.78 5.77 2.04 3.96 12.62 6.07
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MONTHLY AND ANNUAL BASEFLOWS (FIXED INTERVAL),

TABLE XIII

BLUE BEAVER CREEK, 1968-1982 WATER YEARS

1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 Avg.
Jan. 0.50 0.11 0.03 <. 01 0.13 1.08 0.12 0.35 0.01 <. 01 0.05 0.16 0.03 0.0 0.04 0.17
Feb. 0.72 0. 48 0.02 <.01 0. 06 0. 45 0.10 0. 86 <. 01 0.14 0.50 0.16 0.10 0.0 0.04 0.24
Mar. 1.04 1.01 0.64 <.01 0.04 1.53 1.13 0.43 <.01 0.05 0.72 0.60 0.06 <.01 0.09 0.49
Apr. 0.40 0.22 0.45 <.01 0.17 1.58 0.21 0.35 0.96 0.11 0.09 0.99 0.10 0.39 0.14 0.41
May 0. 48 1.34 0.12 <. 01 0.35 0.24 0.57 1.13 0.54 0.44 0. 56 0. 46 0. 40 0. 85 3.09 0.70
June 0.77 0.11 0.01 0.02 0.02 0.27 0.03 0.78 0.17 0.08 1.31 0.38 0.14 0.69 1.32 0.41
July 0.08 <.01 0.0 0.02 <.01 0.03 <.01 0.26 0.03 <.01 0.02 0.01 <. 01 0.04 0.09 0.04
Aug. <.01 <.01 0.0 <.01 0.0 <. 01 0.0 0.08 <.01 0.06 0.0 <.01 0.0 <. 01 <.01 0.01
Sept. <.01 0.04 0.04 0.10 0.0 0.59 <.01 0.01 <.01 0.09 0.0 0.0 0.0 0.0 0.14 0.07
Oct. <.01 0.04 <.01 0.16 0.08 0.46 0.13 <.01 <.01 Q.04 0.0 0.0 0.0 0.64 0.04 0.11
Nov. 0.02 0.04 <.01 0.15 0.73 0.13 0.64 <. 01 <. 01 0.09 0.0 0.0 0.0 0. 07 0. 06 0.13
Dec. 0.13 0.03 <. 01 0.52 0.30 0.26 0.20 <.01 <. 01 0.05 0.0 <.01 0.0 0.06 0.05 0.11
Total
Water Yr. 4.15 3.48 1.42 0.16 1.61 6.89 3.01 5.23 1.74 0.98 3.44 2.97 4.85 1.99 5.72 3.18
% Q 52.6 56.6 73.7 23.3 54.0 45.7 54.4 53.5 54.6 27.0 35.1 51.4 41.6 50.3 45.3 47.9
% Ppt 14.6 10.3 6.4 0.6 8.1 15.0 12,4 14.5 6.4 4.0 11.9 11.6 25.0 6.4 13.6 10.7
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DESCRIPTION OF ISOHYETAL METHOD

To determine the average depth of rainfall over the Blue Beaver
Creek basin upstream of the gaging station the isohyetal method was
applied to the isohyet map (Figure 57; Linsley and others, 1982, p.71).
The area of the stream basin within the isohyets was calculated from a
gridded map of the basin traced from a topographic map. The total
calculated area is 21.0 square miles (54.4 km?); the reported area
upstream of the gaging station is 24.6 mi? (63.7 km?). Normalizing the
calculated areas to the reported area had no effect on the final result
of the method. The product of the average precipitation between the
isohyets and the basin area within the isohyets is the precipitation
volume. The ratio of the volume to the basin area is the average

rainfall depth over the basin (Table XV).

TABLE XIV

PERIODS OF RECORD FOR WEATHER STATIONS
IN COMANCHE COUNTY AREA

Apache 1945-74 Marlow 1954-83
Baird 1953-78 Snyder 1954-83
Chattanooga 1954-83 Walters 1953-82
Duncan 1954-83 Wichita Mtn.

Lawton 1952-81 Wildlife Ref. 1954-83
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TABLE XV

CALCULATION OF AVERAGE RAINFALL DEPTH
OVER BLUE BEAVER CREEK BASIN

(L (2) (3) (4) (5)
Isohyet Area Net Average Precip.
Enclosed Area Precip. Volume
mi? in. (3)x(4)
in-mi?
28.5-29.0 3.3 3.3 28.75 94.88
29.0-29.5 21.0 17.7 29.25 517.72

612.60 Total

Total Precipitation Volume
Basin Area

Average Depth

612.60 = 29.17 inches
21.0

TABLE XVI

WATER-TABLE GRADIENTS ALONG CREEKS
IN COMANCHE COUNTY

Sandy Creek 23.4 ft/mi
Post Oak Creek 18.8

West Cache Creek 13.5

Blue Beaver Creek 14

Big Beaver Creek 8.3




Vertical scale approximate

||

Mmmmmlmwmm

st

Total streamflow~

Baseflows

T

m

I

syo ‘9bxeyostq

==il

001

o1

1265 ¥Y3A WO HIYD Jeau ¥3ID ¥IAU W :3UN

I

10°

Rt

100°

o
o

(!

({88

W

AW

((«

((

(¢

Nir

{18

[£L

(11

HRUYIOUAAH ®AUILINT Q3XT4

158

1971 Stream Hydregraph of Blue Beaver Creek

Figure 58.
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FIXED INTERVAL FLOW DURATION CURVE TITLE : BLUE BLCAVER CREEK rear CACHE OK YEAR 1371
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8. 0000+ + + + + + + + + +
| I | | | | | | | | |

i* | | | I | | I | | |
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Figure 59. 1971 Flow Duration Curve of Blue Beaver Creek
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TABLE XVII

WATER QUALITY DATA FOR BLUE BEAVER CREEK

Units are milligrams per liter except as noted

Date Stream- Specific pH Temper- Hardness, Calcium
flow, Conduc- ature, CaCo3
cfs tance, °C
umhos

Dry Water Year

10/7/70 0.04 228 7.8 - 75 22
10/30/70 0.03 234 7.7 - 76 22
11/19/70 0.04 236 7.8 - 77 19

12/9/70 0.04 229 7.9 - 74 20
12/29/70 0.04 222 7.5 - 70 19

1/20/71 0.04 214 7.5 - 70 18

2/11/71 0.05 218 7.6 - 64 18

3/4/71 0.04 216 7.9 - 66 18

5/7/71 0.02 248 7.9 - 72 -

9/9/71 0.31 237 7.5 - 78 -

9/29/71 9.7 146 - - - -
Wet Water Year
11/22/72 28 97 6.5 - 70 7.2
12/20/72 4.8 129 6.4 - 89 10

1/4/73 25 106 6.4 - 73 -

1/31/73 30 101 6.8 ;— 77 9.6

2/22/73 9.5 122 6.9 - 82 -

3/13/73 46 102 6.9 - 80 9.6

4/25/73 63 104 6.9 - 72 -

5/16/73 5.1 182 7.0 - 116 17

6/6/73 17 123 - - -— —_—




TABLE XVII (Continued)
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Date Stream- Specific pH Temper- Hardness, Calcium
flow, Conduc~ ature, CaCo03
cfs tance, °C
umhos

6/27/73 3.4 182 6.6 - 112 -

7/19/73 0.60 230 7.7 - 129 20
8/10/73 0.19 241 7.5 - 137 22
Wet Water Year
10/20/81 20 122 7.2 18.5 51 12
2/8/82 0.85 230 7.1 2.5 63 17
5/5/82 3.0 158 6.8 21.0 51 14
Dry Water Year
11/29/82 L.5 320 7.3 12.0 75 21
3/7/83 6.4 105 6.7 15.0 46 13
5/16/83 6.6 147 7.7 20.5 49 14

1968-1975
Water Years
Mean Values 16 161 7.4 - 52 14

Date Magnesium Sodium Potassium Alka- Sulfate

linity,
CaCo03
(or HCO3)

10/7/70 5.1 18 2.9 (106) 17
10/30/70 5.4 18 2.5 (102) 21
11/19/70 7.0 17 2.4 (99) 19
12/9/70 6.1 17 1.7 (93) 19
12/29/70 5.4 17 1.3 (74) 29
1/20/71 5.8 16 1.1 (76) 27
2/11/71 4.9 17 1.2 (76) 29
3/4/71 4.9 17 1.3 (78) 27




162

TABLE XVII (Continued)

Date Magnesium Sodium Potassium Alka- Sulfate
linity,
CaCo03
(or HCO3)

5/7/71 - 24 - (88) 31
9/9/71 - 16 - (100) 20
9/29/71 - - - -— -
11/22/72 3.4 7.0 1.2 (30) 16
12/20/72 3.9 9.3 1.0 (40) 19
1/4/73 - 7.7 - (36) L5
1/31/73 3.4 7.5 l.1 (38) L4
2/22/73 -— 9.4 - (42) L7
3/13/73 3.4 7.5 1.2 (38) 14
4/25/73 - 7.8 - (42) L4
5/16/73 3.8 14 1.5 (68) 21
6/6/73 - - - - -
6/27/73 - 13 - (76) 18
7/19/73 5.6 18 1.7 (100) 15
8/10/73 6.1 19 1.9 (1iy) 15
10/20/81 2.8 8.0 L.4 35 8.0
2/8/82 4.9 - 1.5 59 18
5/5/82 3.8 11 1.3 58 12
11/29/82 5.5 17.0 1.6 84 19
3/7/83 3.2 9.8 1.2 51 22
5/16/83 3.5 9.8 L.5 54 L4
1968-1975

Water Years
Mean Values 4.1 12 2 (66) 17




TABLE XVII (Continued)

Nitrite
+

Date Chloride Fluoride Dissolved Nitrate, Iron
Solids as N ug/1
10/7/70 11 0.4 143 - -
10/30/70 10 0.4 136 - -
11/19/70 11 0.4 142 - -
12/9/70 10 0.5 141 - -
12/29/70 10 0.4 130 - -
1/20/71 9.5 0.4 126 - —
2/11/72 9.5 0.3 127 - -
3/4/71 10 0.3 128 - -
5/7/71 11 - 137 - _
9/9/71 8.0 - 147 - -
9/29/71 - - - - -
11/22/72 5.0 0.3 70 0.05 -
12/20/72 6.0 0.3 89 0.02 --
1/4/73 5.3 - 73 0.07 -
1/31/73 6.0 0.3 77 0.02 -
2/22/73 6.8 - 82 0.02 -
3/13/73 6.0 0.3 80 0.02 -—
4/25/73 3.7 - 72 0.09 -
5/16/73 9.5 0.3 116 0.07 -
6/6/73 - - - - .
6/27/73 9.3 - 112 0.0 -
7/19/73 13 0.4 129 0.10 -
8/10/73 14 0.4 137 0.13 -
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TABLE XVII (Continued)

Nitrite
+
Date Chloride Fluoride Dissolved Nitrate, Iron
Solids as N ug/1
10/20/81 5.3 0.30 76% 0.11 -
2/8/82 17 0.40 160% £0.10 -
5/5/82 6.3 0.50 95% £0.10 -
11/29/82 16 0.30 150%* £0.10 170
3/7/83 31 0.40 120% 0.11 -
5/16/83 5.3 0.30 94% 0.49 28
1968-1975
Water Years
Mean Values 7.4 - 105 0.39%=* -

* Sum of constituents
*% Nitrate only

Sources: Water Resources Data for Oklahoma, 1971 (U.S. Geological
Survey, 1974a), 1973 (U.S. Geological Survey, 1974b), 1982
(Hauth and others, 1984), 1983 (Hauth and others, 1985), and
J.K. Kurklin, 1979.
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APPENDIX G

LINEAMENT ANALYSIS DATA
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DISTRIBUTION OF WELL YIELDS IN THE ARBUCKLE GROUP
AND POST OAK AQUIFERS ACCORDING

TO LINEAMENT ANALYSIS

As noted previously, well yields from the Arbuckle Group Aquifer
vary greatly in Comanche County. To understand better this variation,
the distribution of estimated well yields from this aquifer was deter-
mined by a lineament analysis of aerial photographs. This approach was
applied to the Post Oak Aquifer, also. Ground-water flow in the
Arbuckle is through fractures and solutional openings formed during and
after the tectonic movements of the Wichita uplift, as described pre-
viously. For this analysis, fracture flow was assumed to occur in the
Post Oak, also. Areas with more fracturing presumably would have more
flow and greater well yield; to locate the fractures aerial photographs
were examined by two methods.

For one method it was assumed that lineaments in the Post Oak and
Permian rocks above the Arbuckle Group indicate fracture patterns in
the underlying Arbuckle Group Aquifer. These lineaments consist of
straight segments of stream valleys, segments of several stream valleys
that are in alignment, or non-cultivated vegetation in linear patterms.
The other method involved extending fracture patterns occurring in the
Wichita Mountains into the Arbuckle Group to the south. Fractures in
the Wichita Granite Group were studied by Gilbert (1982). A lineament
analysis and corresponding geological interpretation of Comanche County

is discussed by Donovan and others (1986).
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Both methods required the measurement of lengths and orientations
of lineaments on a mosaic of aerial photographs at a scale of one to
40,000, or one inch equals approximately one mile (U.S. Department of
Agriculture, 1981). A map of the major lineaments in the Wichita
Mountains and in the Permian sediments to the south is shown in Figure
60. Fracture lineaments in the Wichita Mountains range in length from
0.2 to 6.2 miles and have three dominant orientations: 60° to 90° west
of north, 10° west to 10° east of north, and 80° to 90° east of north
(Figure 61). Lineaments of stream valleys and vegetation, most of
which are south of the mountains, range in length from 0.3 to 11l.4
miles with two dominant orientations: 20° to 30° west of north and
zero to 10° east of north (Figure 62). Most of these lineaments are
between one and two miles long.

The fracture lineaments can be separated into two sets according
to their time of formation (Figures 61 and 62). The east-west trending
fracture lineaments formed earlier than the north-south trending set as
shown by the lack of an east-west trend in the lineaments of the Post
Oak Conglomerate and Permian sediments. Presumably both sets occur in
the Arbuckle Group; however, assuming that the north-south set formed
after deposition of the Post Oak Conglomerate, only the north-south set
propagated upward through the Post Oak. The degree of consolidation of
the Permian rocks would enhance the propagation of fractures from the
Arbuckle rocks. Determining the absolute time of formation of the
fractures was beyond the scope of this study.

Assuming that permeability and well yield are controlled by the
density of fractures, the amount of fracturing was studied by two

methods. For both methods a grid of cells was used to locate the areas
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of fracturing. It was assumed for the first method that a lineament
might indicate only part of a fracture and that an area with many
intersecting fractures would have a greater permeability; this method
was applied to only the Arbuckle Group. The fracture lineaments in the
Wichita Mountains were extended across the area on an overlay map using
both the east-west and north-south sets of lineaments (Figure 63); it
was assumed that both sets occur in the Arbuckle Group. It also was
assumed that the fractures in the Wichita Mountains are "throughgoing"
into the Arbuckle, that is, that a short fracture on the north side of
the mountains extends to the south although its extension is not evi-
dent on the surface. This approach maximized the number of extended
fractures.

The number of lineament intersections per cell is shown in Figure
64. The bottom row is beyond the area of the overlay map. In order to
establish a permeability value for each cell, the average permeability
of the Arbuckle Aquifer, 3.5 gpd/ft2?, as determined from the specific
capacity data (Chapter VI), was multiplied by the ratio of the number
of intersections in a cell to the mean number of intersections per cell
(Table XVIII and Figures 65 and 66). Well yield values were calculated
for each cell (Table XVIII and Figures 65 and 67) using a formula by
Walton (1970, p.315) assuming an average effective aquifer thickness
of 500 feet, a well radius of 0.28 feet, a pumping period of 5000
minutes, a drawdown of 350 feet, and a storativity of 0.0001l.

It was assumed in the second method that the total length of frac-
tures in an area controls the permeability. Only the lineaments in the
Post Oak and Permian rocks were considered because fracture lineaments

in the Wichita Mountains are outside the study area, and the lineaments
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in the Post Oak indicate fracture patterns in the Arbuckle Group as
well as in the Post Oak. Fractures in the Post Oak influence flow
separately from the grain-size distribution. Non-channel areas assumed
to have lower permeability, transmissivity, and yield because of
smaller grain size actually may be more productive because of a higher
amount of fracturing.

The sum of lineament lengths per cell is shown in Figure 68. For
both aquifers the computation of the permeability for a cell is similar
to the procedure used in the first method. The permeability is the
product of the average permeability as determined from well data and
the ratio of the total lineament length in a cell to the average total
length per cell (Table XIX and Figures 69, 70, and 71). Well yield
for the Post Oak was determined by Walton's formula (Equation 3-1)
assuming a saturated thickness of 20 ft, a well radius of 0.35 ft, a
pumping period of 660 min, a drawdown of 11 ft, and a storativity of
0.02 (Table XIX and Figure 72). Well yield for the Arbuckle was
calculated according to the assumptions described above (Table XIX
and Figure 73). Cells without values are beyond the area of either the
aerial photographs or the overlay map.

Figure 74 shows the distribution of well yields by cells in the
Post Oak Aquifer according to the grain-size distribution, and Figure
75 shows those areas with greater yield because of both increased
fracturing and larger grain-size. Arbuckle well yield values derived
from the two methods (Figures 67 and 73) were averaged using an arith-
metic mean (Figure 76) and were compared with the average yield (270
gpm) calculated previously according to production well test data

(Figure 77). The locations from both maps (Figures 76 and 77) which
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correspond to a well yield of more than 270 gpm are shown on the map in
Figure 78.

The Indiahoma area of the Arbuckle Group Aquifer (cell B2) is less
productive for the amount of fracturing probably because the lithology
limited the development of solution openings. Rauch and White (1970)
reported that high concentrations of silica and dolomite inhibit cavity
development, but small grain size (micrite) enhances carbonate solu-
tion. Dreiss (1984) confirmed the effects of small grain size and
magnesium carbonate content on solution rate in carbonate aquifers.
Within the Arbuckle Group the Cool Creek Formation contains much chert
and sand, and the McKenzie Hill Formation has finer-grained layers.
Other formations are predominantly dolomite. The areal variability of
karst development depends on which of these lithologies subcrops
beneath the Permian strata.

Determining the distribution of estimated well yield from the
total length of fractures in an area was the more appropriate method of
lineament analysis because its assumptions were more valid. The linea-
ments of stream valleys and vegetation were more apparent on the aerial
photographs than the actual intersections of extended fracture linea-
ments. These methods qualitatively located areas of relatively higher
well yields; determining actual aquifer well yields quantitatively for
any one location requires actual production well test data for that

location.
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Figure 63. Schematic Map of Extended Fracture
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TABLE XVIII

CALCULATIONS OF PERMEABILITY AND YIELD OF ARBUCKLE GROUP AQUIFER
FROM NUMBER OF LINEAMENT INTERSECTIONS FOR CELL B-12

For entire grid, mean number of lineament intersections, n, = 58
For cell B-12, number of lineament intersections, n, = 34 (Figure 65).

Mean Permeability, K, = 3.5 gpd/ft?

x K = 34 x 3.5 = 2.03 gpd/ft? (Significant figures
were carried through
the calculations.)

Permeability, K, =

sl B8

Average effective aquifer thickness, b, = 500 ft
Average well radius, r_, = 0.28 ft

Average pumping period, t, = 5000 min

Average drawdown, s, = 350 ft; storativity, S, = 0.0001

Yield, Q, = Kbs
264 log ( Kbt ) - 65.5
2693 ré S
= 2.03 (500) (350) = 165 gpm

264 log (_2.03 (500) (5000) ) - 65.5
2693 (0.28)% (0.0001)
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Figure 65. Cell B-12 with Extended
Lineaments
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TABLE XIX

CALCULATIONS OF PERMEABILITY AND YIELD OF POST OAK AND ARBUCKLE
GROUP AQUIFERS FROM SUM OF LINEAMENT LENGTHS FOR CELL B-12
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For entire grid, mean sum,'f, = 2.97 miles.
For cell B-12, sum of lineament lengths, L, = 6.05 miles (Figure 69).

Arbuckle Aquifer: Mean permeability, K, = 3.5 gpd/ft?

Post

Permeability, K, = L x K = 6.05 x 3.5 = 7.13 gpd/ft? (Significant

[

2.97 figures were carried

through the calculations.)

Average effective aquifer thickness, b, = 500 ft
Average well radius, r_, = 0.28 ft

Average pumping period, t, = 5000 min

Average drawdown, s, = 350 ft

Storativity, S, = 0.0001

Yield, Q, = Kbs
264 log ( Kbt ) = 65.5
2693 ré S

= 7.13 (500) (350)

264 log (_ 7.13(500) (5000) ) - 65.5
2693 (0.28)%(0.0001)

Oak Aquifer: Mean permeability, K, = 800 gpd/ft2

Permeability, K, = 6.05 x 800 = 1630 gpd/ft2
2.97

"Average aquifer (saturated) thickness, b, = 20 ft

Average well radius, r_, = 0.35 ft
Average pumping period, t, = 660 min
Average drawdown, s, = 1l ft
Specific yield, Sy, = 0.02

= 545 gpm

Yield, Q, = 1630 (20) (L1) = 217 gpm

264 log ( 1630 (20) (660) ) - 65.5
2693(0.35)%(0.02)
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Figure 69. Cell B-12 with Lineaments
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KONIKOW MODEL DESCRIPTION

The model used in this study was developed by Konikow and
Bredehoeft (1978); it simulates solute transport in ground water by
solving a solute transport equation and a ground-water flow equation.
At each node in the model grid an iterative alternating-direction
implicit procedure (ADIP) solves numerically an implicit finite-
difference equation which approximates ground-water flow.

Tracy (1982) incorporated radioactive decay and equilibrium ad-
sorption of the solute into the Konikow-Bredehoeft model. Kent and
others (1986 a, b) made several modifications to the Tracy version.
The Kent version includes both the ADIP and the strongly implicit
procedure (SIP) to solve the ground-water flow equation and allows
separate calibration of the hydraulics and solute transport parts of
the model. The SIP requires fewer iterations and less computer time
than the ADIP for the calculation of more complex aquifer character-
istics (Wang and Anderson, 1982, pp.103, 106, 107, and 111). Kent and
others (1986b) also added an interactive (i.e., prompting) preprocessor
program to facilitate input of data into the model.

The model required a grid with at most 20 rows and 20 columns of
nodes including a frame of outer nodes representing a no-flow boundary;
variables at these nodes were assigned values of zero. For this study
the model grid contained 17 columns and nine rows of nodes which were
located at the centers of three-mile-square cells (Figure 79). The

simulation area was 15 columns and seven rows of cells for a total
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aquifer area of 105 cells, or 945 square miles. The large size of the
modelled area and the sparseness of the data required the large cell
size.
The grid was entered into the model through the following
variables:
NX, number of columns,
NY, number of rows,
XDEL, length of cell in feet, and
YDEL, width of cell in feet.
Thus, for this model
NX = 17,
NY = 9,
XDEL = 15,840 ft, and

YDEL

15,840 ft.

The total length of the simulation was twenty, one-year pumping
periods each containing four time steps. During each time step the
model calculates new water-table and transmissivity values in response
to recharge, discharge, pumpage, or injection. For these calculations
a maximum of 100 iterations was allowed for the model to converge
within an error of 0.01 ft. The simulation length was 20 years because
the maximum annual yield of a ground-water basin is based on a minimum
basin life of 20 years according to the Oklahoma Ground Water Act
(Oklahoma Water Resources Board, 1985, p.8).

These data were described by the following variables:

NPMP, number of pumping periods = 20,
NTIM, maximum number of time steps per pumping period = 4,

PINT, length of pumping period = 1 year,
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ITMAX, maximum allowable number of iterations = 100,
TINIT, size of initial time step = 7.9 x 106 seconds,
TIMX, time increment multiplier = 1.0,

TOL, convergence criteria for the flow equation = 0.01 ft.

The product of the initial time step length, TINIT, and the multi-
plier, TIMX, is the length of the next time step. This process ensures
that the time steps are of equal length. The model lengthens or
shortens the last time step, however, to accommodate the round-off
error between the length of the pumping period measured in years and
the sum of the time step lengths measured in seconds. The actual
number of seconds in a year must be approximated to be entered into the
model as an exponential real number.

During the calibration of the model, the simulations were one,
five, or ten years long in order to correct errors and to make neces-
sary adjustments to the input. The time step length was one year
(3.1 x 107 s), and NTIM was set equal to two time steps per one-year
pumping period in order to make the simulations more accurate. Cali-
bration required adjusting the aquifer characteristics until inflow to
the model by recharge balanced outflow by aquifer drainage as shown by
minimal values of drawdown or mounding in the drawdown matrix. These
characteristics included storage coefficient, permeability, potentio-
metric head, and recharge. Because the modelled aquifer is unconfined,
the storage coefficient actually represented specific yield, and the
potentiometric head represented water-table elevation. The model was
not stressed by pumpage during the calibration.

Changing the specific yield opened or closed the aquifer to flow.

This aquifer characteristic was set at 0.3, a high value, for the



196

entire grid in order to increase the flow through the aquifer and to
make the aquifer less sensitive to adjustments in permeability. More
realistic values of specific yield were entered when pumpage was estab-
lished in the model.

Effective porosity was set at 0.25, a high value for the sediments
of the Post Oak Aquifer, to reflect the high value of specific yield.
Porosity affects the velocity of flow which is important only for a
chemical transport simulation, so it was not changed for the later
simulations.

Adjustments to permeability also affected the flow through the
aquifer, although these changes did not significantly affect the
inflow-outflow balance because of the high value of specific yield.
Permeability was entered into the preprocessor program in units of
gallons per day per square foot (gpd/ft?); a multiplier converted these
values to units of feet per second (ft/s) for the simulation. Integer
values of permeability were entered (nnn), but the model required real
numbers and inserted a decimal before the last digit (nn.n).

Increasing the multiplier by an order of magnitude compensated for the
change in format and allowed correct transmissivity calculations.

Permeability values for the Post Oak Aquifer were determined from
lithologic well logs (Table VII, Appendix C) and the grain-size-perme-
ability relationship (Figure 54) as described previously (Appendix C).
The areal distribution of permeability established in the model fol-
lowed the grain size dispersal pattern of Stome (1977; Figures 26 and
27). The original permeability values and their distribution were
. modified to facilitate flow through the model; the values determined

previously were 800 gpd/ft? for the channel areas and 200 gpd/ft?
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outside the channels. The higher permeability had to be reduced to 400
gpd/ft? for the simulation because a low-permeability cell would act as
a barrier to flow from a high-permeability cell because of the contrast
between the former values.

Since water flows only across the face of a cell and not diago-
nally, it was difficult to duplicate exactly the geometry of the
channels. Thus, it was necessary to straighten the channels in order
to drain the aquifer and to prevent mounding against a low-permeability
cell (Figure 80).

For the simulation the saturated thickness was a constant value
for the entire grid. Twenty feet was the average saturated thickness
as determined from well logs (Appendix B). The initial water-table
elevation matrix was derived from Figure 36. During the calibration
the gradient was smoothed and the matrix was modified to eliminate
"holes" where water would accumulate as a mound and "hills" where water
would drain and excessive drawdown would occur (Figure 81).

The characteristics of the alluvial aquifer were not included in
the simulation because of the sizes of the cells and the godelled area.
The creek valleys are narrow compared to the three-mile width of the
cells. The calculated transmissivities of the alluvium and the Post
Oak Aquifer were equal, however. The alluvium valleys drain the actual
Post Oak Aquifer; similarly the high-permeability channels drain the
modelled aquifer.

In order to account for greater flow into the aquifer at nodes
with higher permeabilities, the node identification (NODEID) matrix
replaced the constant recharge input (Figure 82)., The boundary condi-

tions were modified to allow recharge in the form of underflow from the
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WATER-TABLE ELEVATIONS FOR MODEL, ft.
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northwest where the model area is not immediately adjacent to the
Wichita Mountains. Also, it was assumed that direct runoff from the
mountains recharged the aquifer along the northern boundary. Underflow
is horizontal flow due to the gradient from outside the aquifer area
into the aquifer. To prevént mounding at the nodes receiving under-
flow, water was discharged from those nodes to account for vertical

throughflow and leakage to the underlying Arbuckle Aquifer.

Figure 82. Node Identification (NODEID) Matrix

Each node in the NODEID matrix was assigned a code (ICODE(i))
representing values of recharge, discharge, or underflow. Similar to

the other matrices in the model, the outer nodes of the NODEID matrix
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were assigned values of zero. The nodes within this outer frame were
designated as constant-head boundaries through the leakance coeffi-
cient, the ratio of permeability to saturated thickness. In the model
this coefficient is the variable FCTR1(i). At these boundaries the
model maintains a constant head by maintaining a constant flow into or
out of the aquifer according to the assigned leakance. The recharge
variable is FCTR3(i), a positive value for discharge and a negative
value for recharge. The FCTR3 values replace the zero recharge values
at nodes designated with the OVERRD(i) variable. A concentration for
an ICODE is entered as FCTR2(i), but this variable is used only in a
solute-transport simulation. For boundary nodes with a permeability of

400 gpd/ft? the NODEID variables were the following:

ICODE(Ll) = 1,

FCTRI(1) = 400 gpd/ft2 = 3.095 x 107> ft?/s,
20 £t

FCTR3(1) = 0.125 in/yr = 3.303 x 10710 ft/s,

OVERRD(1) = 1.

The NODEID variables for the other boundary nodes are in Table
XX. For the nodes within the matrix it was necessary to have four
additional codes to control discharge from nodes where excessive
mounding occurred and recharge where drawdown occurred. ICODE(3) and
ICODE(5) remove water, and ICODE(4) and ICODE(6) add water; the loca-
tions of these codes (Figure 82) do not necessarily correlate with the
distribution of permeability (Figure 80). The recharge and discharge
in the NODEID matrix compensate for mounding and drawdown resulting
from the water table and permeability matrices.

Pumpage was established in the model following calibration ac-

cording to data from the Oklahoma Water Use Data System (OWUDS) of the



CODES AND VARIABLES IN NODE IDENTIFICATION MATRIX

TABLE XX

ICODE(1i) FCTRIL(1) FCTR3(1) OVERRD(1i)

ft2/s x 10E ft/s x 10E

E E

1 3.0947 =5 3.3031 -10

2 1.5473 -5 -3.3031 -10

3 0.0 3.3031 -10

4 0.0 -3.3031 -10

5 0.0 1.0570 -9

6 0.0 -1.0570 -9

gpd/ft? x 1.54734 x 107% = ft/s

in/yr x 2.6425 x 1077 = ft/s

400 gpd/ft?
20 ft

200 gpd/ft?
20 ft

0.125 in/yr

0.40 in/yr

3.09467 x 1072 £t2/s
1.54734 x 1072 ft2/s

3.3031 x 10710 fe/s

1.0570 x 10~ ft/s

202
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Oklahoma Water Resources Board (1984). The OWUDS lists water use re-
quiring a permit: irrigation, public supply, industrial use, and
mining. Domestic use requires no permit and is not included in the
data system. Pumpage from the Post Oak Aquifer for non-domestic use is
not extensive; wells in the alluvial aquifer are more common.

For the simulation, wells tapping both aquifers and wells located
close to but outside of the grid were placed in the model in order to
stress the aquifer. For example, the Brewer well in T 3 N, R 15 W,
section 31, was relocated south to node 3,3, and the Comanche Rural
Water District #3 wells were moved north from T 2 S, R 12 W, sections
28 and 29, to node 13,4 within that rural water district. The Doye,
Geronimo, Kinder, and Jinings wells are in the alluvial aquifer but
were added to those in the Post Oak Aquifer.

The discharge assigned to a node was the 1984 water use at a well.
Discharge from a node in a cell containing several wells represented
the sum of the reported pumpages from each well. To assign discharge
to eight wells for which no water use was recorded, the irrigation
pumpage from wells not in the Post Oak or alluvial aquifers in Comanche
County was divided among the seven cells containing the wells (Table
XXI). An equivalent discharge was later assigned to an eighth node,
the Hudman well which was relocated from Cotton County, T 2 S, R 12 W,
section 6, to node 9,8. The variables pertaining to pumpage from the
model are well number, NREC, location, IX and IY, and discharge or
injection rate, REC.

This version of the model allowed specific yield to be entered
only as a constant for the entire grid. According to the specific

yield-permeability relationship (Figure 32), the specific yield corres-
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TABLE XXI

1984 WATER USE IN COMANCHE COUNTY
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Location Owner Use Af/yr 106 Ft3/s
K of Node ‘ Gal/yr
Variable
Name . NREC IX 1IY REC
1 3 3% Brewer I 3('83) 0.98 0.004144
400 gpd/ft?
2 6 5 Szatkowski I 0 0.068551
400
3 6 6 McCollum I 436 142 0.602237
200 CKT S 229 74.6 0.316313
Total 665 216.7 0.918550
4 7 3 Funderburg 1 28.7 9.35 0.039643
200 Rowe I 0
5 7 6 Peters I L5 4.89 0.020719
200
6 7 7 Kinder I 0
200 Jinings 1 0
0.068551
7 8 6 Carter I 0] 0.068551
400
8 9 4 SW Bell 1 0 0.068551
200
9 9 7 Hensley 1 0 0.068551
200
10 9 8 Hudman 1 0 0.068551
200
1t 10 4 Kelsey I 0 0.068551
200
12 [ 5 Doye I 0 0.068551
200
13 L1 6 Geronimo S 23.9 0.101488
200
L4 L3 4% Comanche S 37.8 0.160468
400 RWD 3
I: irrigation S: municipal supply * relocated Af: acre-foot
Non-Post Oak, non-alluvium pumpage = 347.4 af

Number of Post Oak wells with no 1984 pumpage = 7

Assumed pumpage from well = 347.4 af = 0.068551 ft3/s
7 wells
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ponding to a permeability of 400 gpd/ft? is 0.279 and that corres-
ponding to 200 gpd/ft? permeability is 0.255. To achieve the same
effect as a specific yield matrix, with different values corresponding
to the different permeabilities, only the more permeable nodes were
pumped in simulations with the higher specific yield (Figure 79). With
input of the lower specific yield, only the less permeable nodes were
pumped.

Various pumpages were established in the calibrated simulations in
order to stress the aquifer. These simulations were designated ac-
cording to the amount of pumpage, Q, and the permeability, K, of the
nodes which were pumped (Table XXII). Thus, simulation QA~KL used
éctual (A) pumpage from the nodes of lower (L) permeability, and simu-
lation QM-KH had maximum (M) pumpage from the nodes of higher (H)

permeability.

TABLE XXII

DESIGNATION OF SIMULATIONS

QA: actual pumpage

QM: maximum pumpage

QX: 10 x (actual pumpage), Sy = 0.3
Q0: mno pumpage

KH: high permeability nodes are pumped
KL: low permeability nodes are pumped

Pumpage according to the actual and assumed water use (QA simula-

tions) did not produce significant drawdowns (Figures 83 and 84).
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8]0 0 0 O O O O O O O o o o o o0 o0 o0

9]0 o0 o0 0 o0 o0 O o0 o0 O O O o o o0 o0 o

(+) drawdown, ft (-) mounding, ft w: well (pumping node)

Figure 83. Drawdown Matrix for QA-KH Simulation (Actual Pumpage from
High-Permeability Nodes).

X1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

80 0 o 0 O O O O Ow O O O O O 0 o0 o0

9]0 o o o o0 o O O O O O O O O o0 o0 o

(+) drawdown, ft (-) mounding, ft w: well (pumping node)

Figure 84. Drawdown Matrix for QA-KL Simulation (Actual Pumpage from
Low-Permeability Nodes).
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Discharges an order of magnitude greater than the actual pumpage did
not produce large drawdowns from the nodes of high permeability (Figure
85), but this pumpage overstressed the lower permeability nodes (Figure
86). Nodes 5,6 and 6,5 drained in order to supply the discharge from
node 6,6. The other nodes were not stressed. To determine the maximum
allowable pumpages (Table XXIII), the discharges were increased to
produce drawdowns of 14 ft, one foot above a five-foot well screen,

at the pumping nodes. The non-pumping nodes did not drain signifi-
cantly. The maximum pumpages ranged from 1.6 to 1.8 ft3/s (720 to 810
gpm; 45 to 51 1/s) for nodes of both permeabilities. Non-pumping
simulations exhibited mounding and slight drainage in the drawdown
matrices (Figures 87 and 88).

Hydrographs of the wells in the QA-KL simulation (actual pumpage
from low-permeability nodes) showed the steady drawdown that occurred
in well #3, node 6,6 (Figure 89). The other wells experienced a con-
stant rate of mounding of less than two feet, similar to that in well
#5, over the 20-year simulation. Well #13 remained static. In the QA-
KH.simulation (actual pumpage from high-permeability nodes) the hydro-
graphs of wells #1, #7, and #14 exhibited similar rates of drawdown
(Figure 90), while well #2 experienced mounding of less than a foot.
The higher pumpages of the QM simulations (maximum pumpages) produced
uniform drawdown rates in all the wells (Figure 91).

Measures of the accuracy of the simulation are the mass balance
residual and the percent error calculated after each time step. To
achieve a mass balance the net flux, the sum of inflow and outflow,
must equal the change in mass stored, or mass accumulation. The flux,

Mf, is calculated from the recharge, pumpage, and leakage input; the
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X1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
f o 0 0 0 0 o o O O O O o O o o o0 o
210 0 0 O O O O O o o o o o o0 o0 o o
310 0 1lw 1 1 i1 0 1 -1 -1 1 1 0 o 1 o0 O
440 0 0 1 0 0 O 1 -1 -1 0 1 1l2w 1 1 0 0
540 0 -1 0 0 4w 2 /1 0 -1 -1 0 1 -1 0O O O
6/0 0O O O 1 O 0 6 t1 o 0 -1 -1 0 -1 0 O
770 0 o0 O 1 -1 -1 -1 =1 1 0 0 O -1 0 0 O
8o 0 0 0 O O O O O O o o o o0 o o0 o
9]0 0 0 0 0o O O O O O o o o o o o o

(+) drawdown, ft (-) mounding, ft w: well (pumping node)

Figure 85. Drawdown Matrix for QX-KH Simulation (10 x Actual Pumpage
from High-Permeability Nodes; Specific Yield = 0.30).
X1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
? 6 o 0 o 0 O O O O O o o o o o o o
21]0 0 o0 o0 O O O o o o o o o o o0 o0 o
310 0 1 1 1 I 2w 1 -1 -1 1 1 0 o 1L o0 ©
40 o0 o0 1 o0 1 O 1l 3w 3w O L O O 1 o0 O
510 0 -1 0 4 92 2 I 0 -1 3w 0 0 -1 0 0 O
610 0 0 0 120 —137 9w |1 1 0 8w 0 -1 0 -1 0 O
770 o o0 O 2 1 4w-l 3w ! O O O -1 O O O
80 o0 o0 0 O O O O Ow O O O O O o0 o0 o
90 0o 0 0 o0 0 O O O O O O o o o0 o0 o
(+) drawdown, ft (=) mounding, ft w: well (pumping node)

Figure 86.

Drawdown Matrix for QX-KL Simulation (10 x Actuai Pumpage

from Low-Permeability Nodes; Specific Yield = 0.30).
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mass accumulation, A Ms, is calculated through the storage coefficient
or specific yield. The mass balance residual, Rm, is the difference
between the net flux and the mass accumulation (Konikow and Bredehoeft,
1978, p.l4):
Rm = A Ms - Mf.
The percent error, E, compares the mass balance residual with the
average of the flux and mass accumulation:

E= 100 Mf - A Ms) .
0.5 (Mf + A Ms)

The mass balance residuals were less than 1.0 x 10° ft3 compared
with masses of 1.0 x 10° ft3, and the errors were less than 0.0l per-
cent for both calibrated and non-calibrated simulationms.

The cumulative mass balance parameters indicate the gross response
of the model to the recharge, pumpage, leakage, and storage input.
According to these parameters, flow either into the aquifer or into
storage is a negative mass balance, and flow out of the aquifer or
storage is positive. The sum of recharge and pumpage is the cumulative
net pumpage, which is negative if flow is into the aquifer. The water
released from storage compensates for the cumulative net pumpage; water
is added to storage (negative) if net pumpage adds water to the
aquifer. Leakage into the aquifer is a negative mass balance, and
leakage out of the aquifer is positive. A positive net recharge indi-
cates flow from the aquifer.

Similar to the cumulative mass balances the recharge rate into the
aquifer is negative, and pumpage out of the aquifer is positive. The
sum of recharge and pumpage is the net withdrawal rate (TPUM).

However, the leakage rate into the aquifer is positive, and the leakage

rate out of the aquifer is negative. The net leakage rates (QNET) for
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both the QA (actual pumpage) and QM (maximum pumpages) simulations were
negative, indicating flow out of the the aquifer.

Differences in the four QA and QM simulations were evident in the
cumulative mass balances (Tables XXIV and XXV). The cumulative re-
charge and cumulative leakage and the recharge and leakage rates were
equal for all four simulations. In the KH simulations (pumpage from
high-permeability nodes) the cumulative leakages out were greater than
those for the KL simulations (pumpage from low-permeability nodes)
because the total pumpages were less. To prevent mounding the model
removed water by leakage. Thus, the cumulative net leakages were
greater also.

In the QA simulations (actual pumpage) the cumulative net pumpages
were negative: water was being added to the aquifer. With a negative
cumulative net pumpage the release from storage becomes negative: water
is added to storage. When pumpage was increased to produce maximum
drawdowns in the QM simulations (maximum pumpage), the cumulative net
pumpage became positive: water was being removed from the aquifer.
When cumulative net pumpage becomes positive, water is released from
storage (positive release) to compensate for the loss of water.

The two non-pumping simulations exhibited identical cumulative and
rate mass balances except for slight differences in the cumulative net
leakages, the leakage rates into the aquifer, and the net leakage
rates. Pumpage appeared in the mass balance tables because water was
removed by discharge (positive recharge) established by the NODEID
matrix. Eliminating ICODE(3), ICODE(4), ICODE(5), and ICODE(6) from
the NODEID matrix (Figure 92) and increasing the specific yield to 0.3

removed the pumpage from the mass balances. The drawdown matrix for
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this simulation (Figure 93) differed by only one foot from the drawdown

matrices of the non-pumping simulations with the lower specific yield

values.
TABLE XXIII
MAXIMUM ALLOWABLE PUMPAGES
N X Y Pumping Rate Characteristics of Pumping Node
ft3/s gpm Permeability Specific Yield
gpd/ft?
1 3 3 1.70 760 400 0.279
2 6 5 1.80 810 400 0.279
3 6 6 1.70 760 200 0.255
4 7 3 1.70 760 200 0.255
5 7 6 1.60 720 200 0.255
6 7 7 1.70 760 200 0.255
7 8 6 1.80 810 400 0.279
8 9 4 1.70 760 200 0.255
9 9 7 1.80 810 200 0.255
10 9 8 1.60 720 200 0.255
11 10 4 1.70 760 200 0.255
12 11 5 1.80 810 200 0.255
13 11 6 1.60 720 200 0.255
14 13 4 1.80 810 400 0.279

ft3/s x 450 = gpm
Maximum pumpage produces drawdown of 14 ft.
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X1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

80 o 0 o0 0 O O O O O o o o o o o o

910 0 0 O O \0 o o o0 o0 0 o0 o o0 0o o0 o

(+) drawdown, ft (=) mounding, ft

Figure 87. Drawdown Matrix for QO-KH Simulation (No Pumpage; Specific
Yield = 0.279).

X1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

8160 0 0 0 O O O O O O o o o o o o0 o

910 o0 o0 o0 o0 O O O o o o o o o o o o

(+) drawdown, ft (-) mounding, ft

Figure 88. Drawdown Matrix for QO-KL Simulation (No Pumpage; Specific
Yield = 0.255).
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TABLE XXIV

CUMULATIVE MASS BALANCES

Units are 10E ita
Simulation Recharge Pumpage Cumulatave Release Leakage Leakage Cumulative Mass Balance Percent
o Net Pumpage From Storage In Qut Net Leakage Residual Error

E E E E E E E
QA-KH -4.80 9 2.03 9 -2.77 9 -2.15 9 -2.35 2.97 6.18 8 8.19 4 1.64 -3
QA-KL -4,75 9 2.78 9 -1.97 9 -1.53 9 -2.36 2.79 4.37 8 7.37 4 1.32 -3
QM-KH -4.80 9 6.32 9 1.52 9 2.11 9 -2.37 2.96 5.86 8 9.42 4 1.02 -3
QM-KL -4.75 9 1.25 10 7.76 9 8.10 9 -2.37 2.71 3.37 8 1.52 § 9.96 -4
QO-KH -4.80 9 1.84 9 -2.96 9 -2.34 9 -2.36 2.97 6.18 8 2.87 4 5.95 -4
Q0-KL -4.80 9 1.84 9 -2.96 9 -2.24 9 -2.36 2.98 6.23 8 2.46 4 5.10 -4

91¢



TABLE XXV

RATE MASS BALANCES

Units are ft3/s

Simulation Recharge Leakage Leakage Leakage Pumpage Net
In Out Net Withdrawal
(QNET) (TPUM)
QA-KH -7.61 3.76 -4.82 -1.06 3.22 -4.39
QA-KL -7.52 3.77 -4.54 -0.77 4.41 -3.12
QM-KH -7.61 3.74 -4.78 -1.03 10.0 2.41
QM-KL -7.52 3.78 -4.32 -0.54 19.8 12.3
Q0-KH -7.61 3.76 -4.83 -1.06 2.92 -4.69
QO-KL -7.61 3.77 -4.85 -1.08 2.92 -4.69

L1T
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No recharge

assignments

NODEID Matrix for QO Simulation (No Pumpage; Sy = 0.30)

Figure 92.

X1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
f o o o o o o O O o0 O O o o o o o0 o
2{0 o0 o0 0 O O-1 0 -5 -3 -1 -1 -1 =2 -1 0 O
3jo o 1 -2 -1 -1 -2 0 -4 -6 0 -1 0 -1 0 O O
410 0 -2 -1 -3 -3 -1 0 -2 -5 -2 0 0 0 0 0 O
5f]0 0 -3 -3 -1 -3 0 O O -5 -3 -2 -2 -3 =4 0 O
6/]0 0 -2 -2 0 -2 -2 0 1 -3 -2 -3 =4 -1 -3 0 O
770 0 -1 -1 -2 -3 -3 -5 -3 0 -2 -2 -3 -3 =2 0 O
810 0 -3 -1 -2 -4 -3 =5 =4 -4 -4 -3 0 O O o0 O
s|j]o o o o0 o0 o0 o o0 o O o o o o o0 o o

(+) drawdown, ft (-) mounding, ft
Figure 93. Drawdown Matrix for QO Simulation (No Pumpage) With High

Specific Yield = 0.30.



APPENDIX I

WATER-TABLE DATA

219



TABLE XXVI

POST OAK AQUIFER WATER-LEVEL ELEVATIONS

Mean Sea Level Datum; Measurements in Feet

Approximate
Land Surface Static Water

Location Elevation Level
3N-10W-4ccd 1250 1242
3N-10W-28bbb 1160 1148
3N-9W-29ccb 1200 1188
2N-15W-22dcce 1320 1311
2N-14W-25cedb 1220 1217
2N-14W-33dcdd 1240 1226
2N-12W-10 si si 1100 1067
2N-11W-27ddc 1165 1151
2N-10W-1l6cce 1200 1184
2N-10W-36 s} 1160 1147
2N-9W-33ddc 1150 1134
IN-15W-22baaa 1250 1231
1IN-14W-15ccca 1195 1183
IN-14W-16ccdb 1195 1176
IN-14W-16dc n3 1175 1166
IN-14W-20dadd 1205 1190
IN-14W-20dadd 1205 1168
IN~14W-21ccbb 1220 1160
IN-13W-1lé4ced 1200 1186
IN-12W-15ddd 1070 1056
IN-11W-13ccc 1120 1106
IN-10W-10cccc 1110 1098
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TABLE XXVI (Continued)

Mean Sea Level Datum; Measurements in Feet

Approximate
Land Surface Static Water
Location Elevation Level

IN-10W-36¢c e} 1080 1066
1IN-9W-20dddd 1050 1037
1S-14W-25 n% ni 1115 1102
1S-13W-25ccce 1083 1067
1S-12W-4bbbe 1140 1125
1S-11w-21lccece 1059 1047

TABLE XXVII

ARBUCKLE GROUP AQUIFER WATER-LEVEL ELEVATIONS

221

Mean Sea Level Datum; Measurements in Feet

Approximate
Well Land Surface Static Water

Well Location Depth Elevation Level
Koehler/ 2N-12W-36adba 937r 1110 1074

Waid SW corner, S.13th St.

and C Ave., Lawton

Cameron 2N-12W-35bacb 1400r 1150 1069
University
Indiahoma 1 2N-15W-26bcdb 575r(?) 1360 1142
U.S.G.S. 2N-14W-25adbl 1002 1230 1116
Moore (1972)
Wilson IN-10W-11bbd 2800r 1070 1070f

r: reported f: flows according to OWRB
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APPENDIX J

POST OAK AQUIFER RECHARGE DATA
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CALCULATION OF RECHARGE TO THE POST OAK AQUIFER

Recharge to alluvium was determined from streamflow data as
described previously (Appendix F). To calculate recharge to the Post
Oak Aquifer, rainfall data was compared with well hydrograph data ac-
cording to a method described by Lyons (1981, Table II, p.26). The
product of the change in water table and the average specific yield is
the gross inches of rainfall as recharge. The ratio of the rainfall as
recharge to the total rainfall is the percent of precipitation that is
recharge.

The total rainfall in October, 1972, was 8.71 inches (221 mm); the
corresponding rise in water level in the Post Oak Aquifer was 24 inches
(610 mm; Figure 93). The average specific yield of Post Oak type sedi-
ments is five percent (Johnson, 1967, pp.D57, D62). The mean annual
recharge is thus 14 percent of rainfall, or 4.1 inches (104 mm; Table

XXVIII).
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TABLE XXVIII

CALCULATION OF MEAN ANNUAL RECHARGE FROM WELL
HYDROGRAPH FOR POST OAK AQUIFER

Change in water table (in) x Average Sy = Gross inches of rainfall as
recharge

Gross inches of rainfall as recharge = 7% of rainfall as recharge
Total rainfall

Total Rainfall, October, 1972: 8.71 in. (National Oceanic and
Atmospheric Administration, 1973)

Increase in water level in Permian aquifer: 24 in. (Figure 95; Havens,
1977, Sheet 2, Fig.6)

Average Sy of Post Oak type lithologies: 5% (Johmnson, 1967,
. pp.D57, D62)

A Water table x Sy = 24 in. x 0.05 = 1.2 in. of rainfall as recharge

1.2 in = 0.138 = 147% of rainfall as recharge
8.7 in total rain

14% x 29.18 in. mean annual rainfall, Lawton, = 4.1 in. mean annual
recharge




APPENDIX K

WELL DATA FROM U.S.

GEOLOGICAL SURVEY
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TABLE XXIX

CALCULATIONS OF ARBUCKLE GROUP AQUIFER CHARACTERISTICS
FROM U.S.G.S. AQUIFER TEST DATA

Green Well (Test Well 1)
1IN-13W-4baa

Test 1: Drawdown: inconclusive
Recovery: 4s' = 20 ft (per log cycle), Q = 22.3 gpm

T= 2.3Q = 2.3(22.3 gpm)(1440 min/day) = 294 gpd/ft
4 x as' 4 n (20 ft)
Test 2: Drawdown: Q = 35 gpm, to = 0.75 min, r = 0.28 ft, 8s = 91 ft
(per log cycle), t = 22 min
T = 264 Q = 102 gpd/ft
4s
S= T to = 0.20
4790 r?
Test 3: Drawdown: Q = 35 gpm, to = 1.45 min, t = 300 min, 84s = 104 ft

(per log cycle)
T = 89 gpd/ft S = 0.34

Recovery: 4s' = 2 ft (per log cycle)
T = 4612 gpd/ft

Average T from all tests = 1274 gpd/ft

Moore Well (Test Well 2)
2N-14W-25adb

Test 1: Drawdown: inconclusive
Recovery: Q = 27.6 gpm, t/tb =53, As' = 27.0 ft (per log
cycle)
T = 3637 gpd/ft

Test 2: Drawdown: Q = 27.2 gpm, to = 0.27 min, r = 0.28 ft,
4s = 21.2 ft (per log cycle), t = 481 min

T = 339 gpd/ft S = 0.24

Test 2: Recovery: Q = 27.6 gpm, 8s' = 24.9 ft (per log cycle)
T = 7274 gpd/ft

Average T from all tests = 3750 gpd/ft




TABLE XXX

AQUIFER TEST DATA FROM U.S.G.S. TEST WELLS
IN ARBUCKLE GROUP AQUIFER

Green Well (Test well 1) IN-13W-4baa

Test 1l: Drawdown

3/28/72
Static water level: 61.24 ft Q = 22.3 gpm
Drawdowns measured with electric tape
Elapsed Time, Drawdown,
t, min s, ft
60 130.01
75 131.64
90 131.56
105 131.36
120 131.61

Test l: Recovery

3/28/72
Time, Time Since Time Residual
t, Pumping Ceased, Ratio Drawdown,
min t', min t/t! s', ft
120.17 0.17 706.9 128.76
120.33 0.33 364.6 123.76
120.58 0.58 207.9 118.76
121.08 1.08 112.1 108.76
121.38 1.38 88.0 103.76
121.70 1.70 71.6 98.76
122.0 2.00 61.0 93.76
122.42 2.42 50.6 88.76
122.88 2.88 42.7 83.76

123.43 3.43 36.0 78.76
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TABLE XXX (Continued)

Time, Time Since Time Residual
t, Pumping Ceased, Ratio Drawdown,
min t', min t/t! s', ft
124.08 4.08 30.4 73.76
124.83 4.83 25.8 68.76
125.67 5.67 22.2 63.76
126.67 6.67 19.0 58.76
127.83 7.83 16.3 53.76
129.47 9.47 13.7 48.76
131.50 11.50 11.4 43.76
135.58 15.58 8.7 38.76
151.67 31.67 4.8 33.76
181.00 61.00 3.0 29.04
Test 2: Drawdown
3/29/72
Static Water Level: 74.93 ft Q = 35 gpm ?
Elapsed Time, Drawdown,

t, min s, ft

0.28 15.07

- 25.07

6.00 74.65

7.25 85.07

8.00 90.07

9.33 97.55

10.33 102.02

10.92 104.85

11.67 107.80
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TABLE XXX (Continued)

Elapsed Time, Drawdown,
t, min s, ft
12.67 111.25
13.17 113.02
14.17 115.77
15.08 118.41
15.75 120.30
16.58 122.20
17.42 123.89
18.33 125.87
19.00 127.21
20.08 130.00

Test 3: Drawdown

3/29/72
Static Water Level: 91.34 ft Q = 35 gpm
Elapsed Time, Drawdown,
t, min s, ft
0.17 4.16
0.50 8.66
0.88 13.66
1.28 18.66
.67 23.66
2.17 28.66
2.58 33.66
3.75 38.66
5.17 58.66

5.75 63.66
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TABLE XXX (Continued)

Elapsed Time, Drawdown,

t, min s, ft

6.50 68.66

7.25 73.66

8.12 78.66

9.08 83.66
10.17 88.66
11.42 93.66
12.83 98.66
14,72 103.66
17.50 110.02
20.0 113.78
26.0 120.31
30.0 123.27
35.0 125.71
41.0 127,37
50.0 | 129.19
60.0 130.29
70.0 131.03
80.0 132.14
90.0 132.74
100.0 132.19
120.0 132.87
140.0 136.69
155.0 137.97

170.0 137.76




TABLE XXX (Continued)

Elapsed Time, Drawdown,
t, min s, ft
185.0 136.58
200.0 134.51
215.0 132.75
230.0 L131.34
250.0 128.32
265.0 126.98
285.0 130.55
300.0 131.74
Test 3: Recovery
3/29/72
Time, Time Since Time Residual
t, Pumping Ceased, Ratio Drawdown,
min t', min t/t! s', ft
300.17 0.17 1765.7 128.66
- - - 123.66
30L.0 1.0 301.0 113.66
303.25 3.25 93.3 73.66
303.58 3.58 84.8 68.66
304.17 4.17 72.9 63.66
304.67 4.67 65.2 58.66
305.33 5.33 57.3 53.66
306.0 6.0 51.0 48.66
306.75 6.75 45.4 43.66
307.58 7.58 40.6 38.66
308.58 8.58 36.0 33.66
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TABLE XXX (Continued)

Time, Time Since Time Residual
t, Pumping Ceased, Ratio Drawdown,
min t', min t/t! s', ft
309.75 9.75 31.8 28.66
311.25 11.25 27.7 23.66
313.17 13.17 23.8 18.66
316.33 16.33 19.4 13.66
324.83 24.83 13.1 8.66
360 60 6.0 4.27
377 77 4.9 3.53
390 90 4.3 2.96
400 100 4.0 2.57

Final water level:

89.43 ft, determined with
steel tape, 3/30/72.

Moore Well (Test well 2) 2N-14W-25adb

5/16/72

Test 1:

Static water level:

Elapsed Time,

Drawdown,

Drawdown

107.09 ft

Discharge,

t, min s, ft Q, gpm
16.0 44,75 28
30.0 43,96 28.5
45.0 43,12 28.5
68.0 41.79 27.6
96.0 40.64 27.6

143.0 40.26 27.6

185.0 39.71 27.6
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TABLE XXX (Continued)

Test 1: Recovery

5/16/72
Time, l Time Since Time Residual
t, Pumping Ceased, Ratio Drawdown,
min t', min t/t' s', ft
185.05 0.05 3701 31.05
185.33 0.33 561.6 26.05
185.58 0.58 320.0 21.05
185.92 0.92 202.1 16.05
186.33 1.33 140.1 11.05
188.25 2.25 83.7 6.05
195.0 10.00 19.5 2.74
197.0 12.00 6.4 2.40
202.0 17.00 11.9 2.14
210.0 25.00 8.4 1.93
215.0 30.00 7.2 1.63
Test 2: Drawdown
5/17/72
Static water level: 113.95 ft
Elapsed Time, Drawdown, Discharge,
t, min s, ft Q, gpm
0.83 11.05 27.2
1.50 16.05 27.2
2.50 21.05 27.2
4.47 26.05 27.2
17.47 31.05 27.2
26.0 - 27.6
34.0 31.96 27.6
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TABLE XXX (Continued)

Elapsed Time, Drawdown, Discharge,
t, min s, ft Q, gpm
56.0 32.56 27.3 ¢
75.0 32.15 27.3
98.0 32.03 27.3
129.0 32.17 27.6
163.0 31.82 27.6
219.0 31.98 28
273.0 31.33 27.6
334.0 31.41 28
402.0 31.61 27.3
456.0 31.70 27.6
481.0 31.82 27.6
Test 2: Recovery
5/17/72
Time, Time Since Time Residual
t, Pumping Ceased, Ratio Drawdown,
min t', min t/t' s', ft
481 0.0 - 31.43
481.27 0.27 1782 26.43
481.50 0.50 963 21.43
481.83 0.83 580 16.43
482.25 1.25 386 11.43
483.0 2.00 241.5 6.43
500.92 19.92 25.1 1.43
511.0 30.0 17.0 .21
527.0 46.0 11.4 1.04
541.0 60.0 9.0 0.93
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TABLE XXX (Continued)

Test 3: Drawdown

5/18/71
Static Water Level: 113.57 ft Q = 28 gpm
Elapsed Time, Drawdown,
%, min s, ft
66.0 30.22
TABLE XXXI

WATER QUALITY DATA FROM U.S.G.S TEST WELLS
IN ARBUCKLE GROUP

Location: 1N-13W-4baa (?)

Depth, ft - 560 725 970
Specific

Conductivity, umhos 1400 3140 3100 3140
Fluoride, mg/1 8.0 L4 18 18

Locatinn: IN-13W-4abc
Depth unknown

Specific
Conductivity, umhos 2800
Sodium, mg/1 620
Alkalinity, HCO3 504
Cco3 10
Sulfate, mg/1 320
Chloride, mg/1 390 (?)
Fluoride, mg/1 28
Hardness, mg/1 20

Total Dissolved
Solids, mg/1 1710




APPENDIX L

DATA FOR INDIAHOMA MUNICIPAL WELLS
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Figure 96. Locations of Indiahoma Municipal Supply Wells
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TABLE XXXII

DRILLER'S LOG FOR
INDIAHOMA WELL #1

Formation Top Bottom
Blue shale 5 ft 205
Red shale 205 250
Water 250 255
Blue shale 255 265
Red shale 265 295
Blue shale 295 335
Red shale 335 370
Gray shale 370 394
Gray lime 394 434
Gray shale 434 455
Red granite 455 470
wash

Arbuckle lime 470 500
Water 500 542
Hard lime 542 555
Hard lime 555 600
Water 600 605
Hard lime 605 628 TOTAL DEPTH

Set 396 ft -—— 8 1/4 in. —— 28 1bs casing
90 ft -- 6 5/8 in. liner at 476 —— 6 ft in lime (sic)
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TABLE XXXIII

DRILLER'S LOG OF
INDIAHOMA WELL #3

Formation Top Bottom
Topsoil Grass roots 6 ft
Sand rock 6 10
Hard red rock 10 21
Hard red rock 21 100
Lime stone 100 200
Hard lime stone 200 250
Lime rock granite 250 350
Lime stone, granite 350 410
wash
Porous lime, 410 450
water bearing
Chert 450 500
Erosion granite 500 575
Red granite wash 575 600
Conglomerate 600 620
Water bearing lime 620 640
Hard lime gray 640 660 TOTAL DEPTH

Casing: 6 5/8 in. to 500 ft, 5 9/16 in. to 660
Hole size: 7 7/8 in.



AQUIFER TEST CALCULATIONS FOR INDIAHOMA MUNICIPAL WELLS

Walton Specific-Capacity Method

Constant discharge from a fully-penetrating well in a homogeneous,
isotropic, nonleaky artesian aquifer infinite in areal extent.
Assumptions are that the well penetrates and is uncased through
the total saturated thickness of the aquifer; that well develop-
ment has not affected the effective well radius; and that the
effective radius equals the nominal radius.

Average discharge, Q, = 53.3 gpm; total drawdown, s, = 296 ft; specific
capacity, Q/s, = 0.180; well radius, s = 0.25 ft; storativity,
S, = 0.008 (Fairchild and others, 1983, p.l46); time after pumping
started, t, = 1440 min

Q/s | 264 log ( Tt ) - 65.5 (Appendix D)
2693 2 S

T

246 assuming 100% well efficiency
410 assuming 60% well efficiency

Theis Method for Logarithmic Plot of Time-Drawdown Data

Constant discharge from a well in a nonleaky artesian aquifer.

Match point (see Figure 43): 1/u=1; W(u) =1; t = 0.63 min;
s = 60 ft; r = 0.25 ft; Q = 50.1 gpm

T =Q W(u) = (50.1 gal/min)(1) (1440 min/day) = 72144 = 95.7 gpd/ft
4 ns 4 x (60 ft) 754
S=4Ttu-= 4(95.7 gpd/£t)(0.63 min) (1) = 241 = 0.36
r< (0.25ft)“(1440 min/day) (7.48 gal/ft>) 673

Note: Storativity value uncharacteristic of artesian aquifer.

Hantush Method for Logarithmic Plot of Time-Drawdown Data

Constant discharge from a well in a leaky artesian aquifer with storage
in leaky confining beds. For description of method and type
curves see Reed (1980, p.25 and Fig. 5.2, Plate 1) and Walton
(1970, p.220).
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Match point: 1/u = 10; H(u,B) = 13 B = 0.01; t = 4.6 min; s = 54 ft;
r = 0.25 ft; Q = 50.1 gpm

T = Q H(u,B) = (50.1 gpm)(1)(1440 min/day) = 72144 = 106 gpd/ft
4 pns 4 n (54 £t) 679

S=4Tut-= 4(106 gpd/£ft)(0.1)(4.6 min) =195 = 0.29
r* (0.25 £t%) (1440 min/day)(7.48 gal/ft>) 673

Note: Storativity value uncharacteristic of artesian aquifer.

Cooper—Jacob Straight Line Method for Semi-Logarithmic
Plot of Time-Drawdown Data

Constant discharge from a well in a nonleaky artesian aquifer.
Calculation of time required for drawdown data to become linear:
distance from pumped well
to observation well (well radius), r, = 0.25 ft
storativity, S, = 0.008 (from Fairchild and others, 1983, p.146)
transmissivity, T, = 410 gpd/ft (from specific capacity data)

required elapsed time, ts, = 1.35 (10°) r2 s

T
= 1.35(10°)(0.25)2(0.008) = 0.2 min
410
From Figure 44: 4s = 247.5 - 134.5 = 113 ft to = 0.625 min
Q = 50.1 gpm r = 0.25 ft
T = 2.30 Q = 2.30(50.1 gpm) (1440 min/day) = 165,931 = 117 gpd/ft
4 r Bs 4 n (113 ft) 1420
S =2.25T¢t, = 2.25(117 gpd/£t)(0.625 min) = 164 = 0.24
T2 (0.25£t)2(1440 min/day) (7.48gal/ft3) 673

Note: Storativity value uncharacteristic of artesian aquifer.

Hantush Inflection Point Method for Semi-Logarithmic
Plot of Time-Drawdown Data

Constant discharge from a well in a leaky artesian aquifer with no
storage in confining beds. For description of method see Fetter
(1980, p.282).

From Figure 44: Maximum drawdown, s .. = 296 ft; drawdown at
inflection point, s; = 296/2 = l4g{ft; slope at inflection point,
m; = 226 ft/log cycle; time at inflection point, t; = 13.2 min;
Q = 50.1 gpm



244

f(r/B) = e*Ko(x)

2.3 s; = 2.3(148) = 1.5
my 226

Ko(x) = 0.89 x = 5.2 (Fetter, 1980, App. 5, p.463)

r/B = 0.52 r = 0.25 ft B = 0.48

T = Q Ko(x/B) (50.1 gpm)(0.89)(0.52) (1440 min/day)

2 nospay 2 n (296 ft)
= 33,388 = 18 gpd/ft
1860
S=41t;T-= 4(13.2 min) (18 gpd/ft)
2r B 2(0.25 ft)(0.48 ft) (1440 min/day)(7.48 gal/ft>)
= 948 = 0.37
2590

Note: Storativity value uncharacteristic of artesian aquifer.

Theis Method Applied to Logarithmic Plot of Distance-Drawdown Data

Constant discharge from a well in a leaky artesian aquifer with no
storage in the confining beds. For description of method and type
curves see Walton (1970, p.217) and Fetter (1980, p.275).

Observation Well #l: distance from pumping well, r = 43 ft; r? = 1849

13 r?2/t =200 ft?/min; s = 11.8 ft;

]

From Figure 97: u=1; W(u)

Q = 50.1 gpm
T = Q W(u) = (50.1)(1)(1440) = 72,144 = 487 gpd/ft
4 n s 4 n (11.8 £ft) 148
S=4T¢tus= 4(487 gpd/ft) (1)
r? (200 £t*/min) (1440 min/day)(7.48 gal/ft3)
= 1948 = 0.0009
27154,240

Observation Well #2: r

540 ft; r?2 = 291,600

From Figure 97: u=1; W(u) = 1; r?/t = 21,200 ft?/min; s = 1.98 ft;
Q = 50.1 gpm

T = 72144 = 2897 gpd/ft S= 11588 = 5.1 x 107
24.9 247,737,600
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Theis Nonequilibrium Distance-Drawdown Analysis for Indiahoma Wells #1 and #2
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Jacob Method Applied to Semi-Logarithmic Plot of Distance-Drawdown Data

Constant discharge from a well in a nonleaky artesian aquifer (Fetter,

1980, p.269). See Figure 98.
Well #1: Well #2:
distance from distance from
pumping well, r = 43 ft pumping well, r = 540 ft
s = 11.5 ft s = 0.92 ft
t = 29 min t = 23 min
Q = 50.1 gpm ro. = 650 ft
g = 14.64 - 5.00 = 9.64 ft/log cycle

Calculation of time required for drawdown data to become linear:

r = distance from pumped well to
observation well (well radius), ft,

storativity, S,
1983, p.146)
transmissivity, T,

0.0012 (a low value from Fairchild and others,

= 1800 gpd/ft (a high value from Walton's

distance-drawdown method; see below.)

Well #1: required elapsed time, ts, = 1.35 (10°) r2 s
T
ts = 1.35(10°)(43)2(0.0012) = 166 min
1800
Well #2: ts = 1.35(105)(540)2(0.0012) = 26,244 min
1800
T= 2.3Q =2.3 (50.1 gpm) (1440 min/day) = 165931 = 2740 gpd/ft
2 n 8s 2 n (9.64 ft) 60.6
S =225T t, = 2.25 (2740 gpd/£ft) (29 min)
r3 (650 £t)“(1440 min/day)(7.48 gal/ft>)
= 178,785 = 3.9 x 107
4,550,832,000

Walton Method for Logarithmic Plot of Distance-Drawdown Data

Constant discharge from a well in a leaky artesian aquifer without
water released from storage in confining beds (Waltom, 1970, p.145

and 217).

Well #1:
Distance from

See Figure 45.

Well #2:
Distance from

pumping well, r = 43 ft pumping well, r = 540 ft
s = 5.75 ft s = 0.92 ft
t = 16 min t = 23 min
u=0.1 Wu,r/B) =1 r/B=1
s = 3.2 ft r = 298 ft Q = 50.1 gpm
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T = 114.6 Q W(u,r/B) = 114.6 (50.1 gpm)(1) = 5741 = 1800 gpd/ft
s 3.2 ft 3.2
S= Tut = 1800 gpd/ft (0.1)(16 min) = 2880 = 1.2 x 10-5

1.87 r# 1.87 (298 ft)* 1440 min/day 239,131,411

Assumed aquitard thickness, m' = 400 ft
Vertical permeability of aquitard, P' = T m' (r/B)?
Im jr/iB)
r

P' = (1800 gpd/ft)(400 £t)(1)2 = 720000 = 390 gpd/ft2
(43)2 1849

Linear (Nonradial) Flow Analysis for Arithmetic Plot of
Time-Drawdown Data from Observation Wells

Constant discharge from a well in an artesian aquifer with a long,
finite, fully penetrating, vertical fracture having infinitesimal
width and no storage capacity; observation wells are on the same
side of the fracture (Jenkins and Prentice, 1982). See
Figures 47 and 99.

Well #1: Well gz:
(tol) = 2.6 (toz)z = 2.5
toy = 6.76 min to2 = 6.25 min
distance from distance from
pumping well, r; = 43 ft pumping well, r2 = 540 ft
a9 = 126.5°
0, = tan"! [ rz (to)¥(sin %) ]
rl(toz)2 - rz(tol) (cos 20)
= tan"! | 540(2.6)(sin 126.5°) ] = tan~1( 1129 )
43(2.5) - 540(2.6)(cos 126.5°) 943

tan~! 1.1973 = 50.13°

62 = ©; + 40 = 50.13° + 126.5° = 176.6°
Orientation of fracture: 90° - 50.1° = 40° W of N (Figure 99)

43 sin 50.1° = 43(0.767) = 33.0 ft

X =1 sin 91
X9 = Ty sin 92 = 540 sin 176.6° = 540(0.0588) = 31.8 ft

I, =n xf = 5 (33.0 ft)?(1440 min/day) = 4,926,520 = 182,000 ft2?/day
S;  4(tep) 4 (6.76 min) 27.0

T2 = ;v X3 = n (31.7 £t)?(1440 min/day) = 4,546,015
S2 4(to2) 4 (6.25 min) 25.0

182,000 ft2?/day

(182,000 ft2/day)(0.001)(7.48 gal/ft3)
1400 gpd/ft

Assuming S = 0.001, T
T
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Orientation N
of fracture

400 W of N

Xoy= 32ft

Figure 99. Diagram of Linear (Nonradial) Flow
Analysis for Indiahoma Wells
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Recovery Method for Semi-Logarithmic Plot of Time-Drawdown Data

Recovery of water level following constant discharge from a well in an
artesian aquifer (Todd, 1980, p.131). See Figure 46.

Avg. Q = 53.3 gpm Ag' = 80 - 40 = 40 ft per log cycle
T= 2.3Q =2.3(53.3 gpm)(1440 min/day) = 176,530 = 350 gpd/ft
4 n 4s' 4 x (40 ft) 503
TABLE XXXIV

AQUIFER TEST DATA FROM INDIAHOMA WELL #4

Well radius = 0.25 ft
Static Water Level = 235 ft below top of casing

Elapsed Drawdown, t% Pumping
Time, t ft Rate, Q
min gpm
5 100 2.24 50.1
7 117 2.65 50.1
9 133 3.00 50.1
11 143 3.32 50.1
15 154 3.87 50.1
20 159 4.47 50.1
25 177 5.00 50.1
30 188 5.48 50.1
35 197 5.92 50.1
40 200 6.32 50.1
45 210 6.63 50.1
50 210 7.07 47.8
60 220 7.75 47.8

70 222 8.37 57.5




TABLE XXXIV (Continued)

Elapsed Drawdown, N Pumping
Time, t ft t2 Rate, Q
min gpm
80 228 8.94 53.4
90 226 9.49 52.3
100 223 10.00 51.2
120 222 10.95 50.1
150 220 12.25 50.1
180 216 13.42 50.1
210 226 14.49 50.1
240 210 15.49 50.1
270 207 16.43 51.2
300 213 17.32 51.2
330 212 18.17 51.2
360 217 18.97 51.2
390 226 19.75 50.1
420 231 20.49 50.1
450 223 21.21 51.2
480 224 21.91 51.2
510 288 22.58 64.1
540 280 23.24 57.5
570 265 23.88 56.5
600 252 24.50 55.5
660 247 25.69 54.4
720 245 26.83 53.4
780 242 27.93 52.3
840 245 28.98 53.4

251
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TABLE XXXIV (Continued)

Elapsed Drawdown, té Pumping
Ti@e, ft Rate, Q
min gpm
900 238 30.00 52.3
960 290 30.98 60.4
1020 275 31.94 56.5
1080 285 32.86 59.5
1140 290 33.76 60.4
1200 280 34.64 58.5
1260 281 35.50 60.4
1320 296 36.33 60.4
1380 296 37.15 61.3
1440 296 37.95 62.3

Measurement method: pneumatic guage and air line
with a precision of *1 ft.

TABLE XXXV

AQUIFER TEST RECOVERY DATA FROM INDIAHOMA WELL #4

Elapsed Time Time Residual
Time, t Since Ratio Drawdown, s'
min Pumping t/t! ft
Ceased, t'
min

1441 1 1441 230

1455 15 97.0 228

1460 20 73.0 147

1465 25 58.6 140

1470 30 49.0 105




TABLE XXXV (Continued)

Elapsed Time Time Residual
Time, t Since Ratio Drawdown, s'
min Pumping t/t! ft
Ceased, t'
min

1475 35 42.1 65

1480 40 37.0 62

1490 50 29.8 60

Measurement method:

TABLE XXXVI

pneumatic guage and air line
with a precision of *1 ft.

AQUIFER TEST DATA FROM INDIAHOMA OBSERVATION WELLS

Well #1
Distance, r, from
pumped well = 43 ft

Well #2
Distance, r, from
pumped well = 540 ft

Elapsed Drawdown, Elapsed Drawdown,
time, t, s, ft time, t, s, ft
min min
4 0.75 - -
9 1.54 - -
12 3.71 - -
16 5.75 - -
- - 23 0.92
29 11.46 - -
- - 35 1.5
48 15.17 - -

56 2.12
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Driller's Log of Indiahoma Test Well

Scil: light brown, greenish, calcarecus;
quartz and feldspar grains, silt-sized on
clay bits about 1\2 to 1 cm-sized

Seil: finer-grained, calcarecus, with
smaller clay balls

Seil: cearser, calcarecus, with pink
calcarecus claystone pieces

Scil: light brown, reddish, fine-grained,
calcarecus; very-fine-silt-sized feldspar
(predominant) and quartz grains on clay
bits (1\2 cm.

Clay: olive-green, calcarecus, with very

fine silt-sized quartz and feldspar grains

Siltstone: dark gray, very-fine-grained
with silt-sized quartz and feldspar
grainsj indurated, easily disaggregated;
beccmes darker with depth; some very-fine-
silt-sized glauconite grains.

Claystore: dark red, brown, sandy silty

with quartz and feldspar; harder

Claystore: gray, silty, quartz and feld-
spar grains, some carbonate, slightly
glauconitic

Claystone: lighter bluish gray with
coarse sand of quartz and feldspar,
reddish

Claystone: dark to light gray, very-fine

to medium-grained silty, with reddish,
sandy silt, quartz and feldspar grains

Claystone: reddish, silty with very-fine-
grained quartz and feldspar; beccmes gray-
brown and darker.

Sandstore: brownish with light gray;

claystone: blue-gray, very-fine-silty;
some carbonate.

Siltstcne: gray, fine-grairned, sandy, clay
matrixs larger quartz grains; arkesic

Siltstone: brownish gray, sandy, arkosic,
calcareous, slightly glaucerntic

Siltstone: reddish gray, arkosie, calcareous

Shale: light gray, silty, arkesic, quartz,
less carbonate

Shale: brown,
some carbonate

fine-grained, silty, with

Sandstone: light gray, arkesic, calcarecus

Shale: dark brown, silty, some carbonate.

Shale: as above, sandier, less carbonate.

Log, and Litholegic Log eof
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111 Siltstone: light gray, limey, sardy,

Gamma-— (ray) Log arkcsic
. 117 Shale: dark brown, very fine silty, scme
Approximate Scale carbonate
TATH L . 11 ST
gL nﬂi '\2’ L “ i b 123 Shale: gray, very firne silty, some
11 100, m
e !-:._Lj SN S innns s i carborate
et (e T H TR
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EHEEEEE HHT o 43 K grained, arkosic
H HH H- FEE
gl 1 age i r"#n”‘ 1 131 Shale: brown, sandy, silty
ssudddunbulyh :I. anugen m +
} - aERAsNATE 137 Sandstorne: gray, medium—~ to coarse-
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au bl v
H )[ e 182 Sandstcne: pink and gray, arkosic, slightly
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. E 170
H H -] L' 184 Sandstone: as above, finer grained, redder.
1 i 1 it L ELEE o 186 Sandstone: gray and pink, ccarser
seaf ARARNETNEN {180 T H At
bt H"‘; o L"f'l-ﬁ;..-t‘i 188 Sandstone: brown, silty, clayey,
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HHH Uk E’ n 190 |+ =_r 1 t s 191 Shale: brown, silty, slightly
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Figure 100. Gamma-Log, Driller's Log, and Lithelogic Leg of
Well #4
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Gamma-(ray) Log
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Figure 100. Gamma-Leg, Driller's Log, and Lithelegic Log cof
Well #4
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Sandstone: gray, fine- to medium-grained,
arkosic, silty, non-calcareous,
becomes redder.

Siltstone: gray-brown, medium-grained,

calcareous

Sandstcne: agray, fine- to ccarse-

grained, arkosic, non-calcarecus

Sardstone: as above, siltier, slightly
calcareocus

Sandstone: as above, brownmish, non-calcarecus
Sandstone: as above, light gray, non-calcareous.
Limestone: very light gray, fine- to

coarse-grained, siliceous, sandy; oolites,
chert, some feldspar.

Limestcne:
siliceous,
siltstone:

light gray, fine-grained,
colites absent, scme quartz;
dark gray, calcareous

Limestone:

white, fine-grained, sucresic,
s1liceous,

pyrite clusters

Limestone: white, buff, and light gray,

some quartz

Limestcne: white and buff, s1liceous,

very-fine-grained pyrite clusters

Limestone: as above; some quartz sand,
very-fine-silt~sized hematite.

Limestone; shale pieces: dark gray-green,
glauconitic; more quartz.

Limestone with shale pieces, scme quartz,
pyrite.

Limestone: white, fine-graired; chert:

buff, “25% of sample;

Shales: gray-green glauconitic ard dark brown.
Chert: buff, crystalline, ~75-80%; Limestone:
white, fine-graired, siliceous; scme shale:
brown, firne-silty.

Limestcre: white, fine-grained, silicecus,
less chert, “~10%; quartz, scme feldspar;
some shale: brown, fine-silty.

Limestcne: white, siliceous; more chert,
~40%, more shale, “10%;

Limestone: as above, less chert and shale,
(10%.

Quartz, clear to dark orange; shale:
gray-green, glauconitic; limestore: whaite,
fine-grairned, silicecus; brocwn siltstone.

Limestone: white, 40%; brown shale, 40%;
shale: dark gray-green, silty, glaucomitic,
10%; quartz, 10%.

Limestone: white, fine-grained, siliceous,
70%; limestore: light gray-green, very-
fine-graired, 20%; dark brown shale, 10%.
Limestone: as above with less gray-green
and brown shale ard siltstone.

Gamma-Log, Driller's Log, and Lithologic Log of
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70%; siltstone: green, fine to coarse, o =T a0, =4 1Ll 111
H H - —- " oA~ A T T T
glauconitic, 10%; chert: dark orange T ] B o
yellow, 10%; sandstone: fine glaucomitic. S —— — e earipiit peyesaat st Y lﬂ“"
N e e e =T ) S .
Limestone, 40X; siltstone: dark brown, P T ] o=t —oe -.—-.—-—llelT[
fine, 40%; siltstone: green, fine- __::J_'_)\ T s T ﬁLj—
grained, glauconitic; sandstone: fine— - . = : -LI Lr T
grained, glauconitic; quartz. ; = [ . T T I . |L
S - o0 t stua Sha st ,__,.,_Lr.LrLr]
Limestone, 40%, glauconitic siltstone, — T T
40%, chert, quartz, sandstone, much less “‘_"'—;1_'_\3':} + | ”: "xilllt
brown siltstone. ——— ”_ﬁ‘—_ hases n rL'IILl
= LT T
1=
Limestone: white and buff, siliceous; prore—rt — =t T T T
scme glauconitic siltstone and sardstonej e

light brown sample.

Limestone, 30%, glauconitic siltstone, 10%; T —=21C "l'!:tl:'l“'
light bl 1 e e Ml e e e L e
1 ue-gray sample. = - —

! ! ) E=r=r 5] e e
Limestone, brown siltstore, glauccmitic
siltstone and sandstone, quartz, minor

greentsh-yellow altered glauconite; brown
sample.

Limestone, siltstore, sandstone,
as above, altered glauconite absent;
lighter brown.

Figure 100.
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Well #4

T
e e e

390

595

Limestone, 70%; chert: orange, oolitic, 20%;
glaucomtic siltstone and sandstone, 10X;
gray.

Lumestone, s:iltstone, and sandstone as above,
less chert, minor pyritized limestone;
browner.

Limestone, 90%; glaucomitic siltstone,
chert; lighter brown.

Limestone; siltstones: brown and
glaucomtic; chert, minor pyrite and
altered glauconite; brown.

Limestone, siltstone, and chert as above,
more altered glauconite; darker brown.

Limestone, minor chert, glauconitic
siltstone; lighter brown.

Limestone; siltstones: brown and
glaucomtic; minor chert; brown.

Limestone, minor siltstone, quartz, and
chert; gray.
Limestone: white and buff

Limestone: white and buff, 60%; chert:
light yellow, granular and crystalline,
40%; gray sample.

Limestone, 60%; brown siltstone, 20%;
sxltstone- green, glauconitic, 15X;
chert, SX; dark brown.

Shale:
stone,

green-gray, glaucomitic; lime-
brown siltstone.

Limestone, glauconitic siltstone and sand-

stone, quartz, some brown siltstone
Limestone, siltstone, sandstone, and
quartz as above with more chert.
TOTAL DEPTH

Gamma-Log, Driller's Log, and Lithologic Log of

86T
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DRILLING OF INDIAHOMA TEST WELL AND

CHEMICAL ANALYSES OF WATER SAMPLES

In December, 1985, a test well (well #4) was drilled in Indiahoma
as part of a municipal water supply project. The plan was to drill
into the Arbuckle Group Aquifer, adequately sample the ground water for
fluoride analyses, and design the production well to avoid the zones
with high levels of fluoride. Because of the high fluoride content,
the ground water would be blended with the current supply for Indiahoma
from the CKT Rural Water System.

Figure 101 shows the location of the test well and other former
supply wells., Table XXXVII lists th; status of these other wells. The
drilling contractor was the Layne-Western Company, and Glenn Briggs and
Associates designed the well and pump house, blending station, and dis-

tribution facilities.
Drilling Procedure

The test well was drilled with a dual-wall, reverse circulation
rotary method (Figure 102). In this method the drilling fluid, either
air or water, is pumped down the outer annulus to the drill bit. The
fluid carries the cuttings back up the center of the pipe. The cut-
tings and fluid are then discharged. Advantages of this method over
conventional rotary drilling techniques are that rock samples are
uncontaminated by drilling mud and caving of the bore hole, water

samples can be obtained from aquifer zones because the outer pipe acts
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as a casing, and a gamma radiation logging sonde can be lowered through
the drill bipe. Both a rotary cone drill bit and a pneumatic hammer
drill were used for the Indiahoma well because of the hard rock encoun-
tered.

A lithologic log, a gamma-log, and a driller's log are shown in
Figure 100, Appendix L. The gamma-log records the natural radioac-
tivity of the formation: shales containing clays with certain radio-
active isotopes of potassium and thorium have a greater radioactivity
than a clean sandstone or carbonate. The Permian sediments are highly
radioactive and exhibit positive gamma-log responses because of their
granitic material. The clean siliceous limestone at the top of the
Arbuckle Group has a low radioactivity and, therefore, exhibits a
sharp, negative gamma-log response at a depth of 456 ft (139 m). Table
XXXII is a driller's log of well #1, and a driller's log for well #3 is
in Table XXXIII.

The depths at which water samples were collected are shown in
Table XXXVIII. The 420-foot sample represented an interval from 420 to
440 feet, and the 455-foot sample represented a five-foot interval to
460 feet. The other samples were considered representative of their

respective depths.
Water Analyses

The types of analyses performed and the treatment of the samples
are listed in Table XXXVIII. Because of the duration of the drilling,
these were not identical for all the samples. Temperature, pH, and
specific conductance were determined at the site with an Orion Research

model 211 digital pH meter equipped with a 91-06 combination electrode
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and an Amber Science model 1061 specific conductance meter with temper-
ature compensation.

Dissolved metals, anions, nitrate, and nitrite were determined by
the Oklahoma Department of Health Environmental Laboratory. Sampling
bottles for these analyses were rinsed with a 50 percent solution of
nitric or sulfuric acid, a 50 percent solution of hydrochloric acid,
and deionized water. The samples analyzed for total dissolved metals
were acidified with nitric acid to a pH of two. The acid dissolved
suspended metals, especially in the 420~ and 455-foot samples which
were very turbid. The samples analyzed for nitrate and nitrite
required acidification with sulfuric acid to a pH of two. The other
samples were not acidified. All water samples were chilled to about
four degrees celsius. The treatment of the samples is summarized in
Table XXXVIII.

Additional analyses in the office for fluoride and nitrate used
colorimeter and spectrophotometer methods. These involve reacting the
water sample with a reagent. The resulting color, or light wavelength,
depends on the concentration of the substance being determined. The
colors of the sample and a filter are compared, and the concentration
is shown directly on a calibrated scale (Hach, 1972). The instruments
used for these analyses were the Hach DR-100 colorimeter and the Hach
DR-3 spectrophotometer.

For fluoride analysis the required reagent is sodium 2-(parasulfo-
phenylazo)-1,8-dihydroxy-3,6-naphthalene disulfonate (SPADNS). The
analysis method and theory are described in Hach (1972) and American
Public Health Association (1981, p.337). The two instruments required

various dilutions of the sample (Table XXXIX) because of the high



265

concentrations of fluoride in these water samples. The colorimeter
method was considered more accurate because less dilution was required.
The analysis for nitrate used the cadmium reduction method (Hach,
1972; APHA, 1981, p.370) in which NitraVer IV cadmium granules (Hach
Chemical Company trademark) are the reagent.
Analyses by all methods are listed in Tables XXXIX and XL. The
specific conductance and pH values are rounded arithmetic means of the

values shown in Table XLI.

Public Health Implications

For public water supplies the U.S. Environmental Protection Agency
has established toxic limits for the chemical parameters in these
analyses based on health, aesthetic, or economic criteria (U.S.E.P.A.,
1976a, and 1976b). The state of Oklahoma uses those limits to regulate
only fluoride, nitrate, and barium (OWRB, 1982).

The maximum contaminant level of fluoride depends on the annual
average maximum daily air temperature of the locality (U.S.E.P.A.,
1976a). For this temperature in the Lawton area, 75.5°F (Havens,
1983), the corresponding toxic limit is 1.6 milligrams per liter
(mg/1l). This is equivalent to the limit measured at 90°F as estab-
lished by the state (OWRB, 1982). The fluoride levels in the test well
water samples greatly exceeded the allowable limit, ranging from 4.2
mg/1 to 16.0 mg/l. These results were consistent with ground water
quality analyses for the area listed in Havens (1983) and Back (1985).

Excessive consumption of fluoride during childhood can lead to
dental fluorosis, or mottled teeth, a condition of imperfect calcifica-

tion of tooth enamel which appears as white chalky patches on the



266

teeth. Skeletal fluorosis is calcification of tissue around the joints
which develops after many years of low but persistent fluoride consump-
tion (Waldbott, 1973, pp.155-156).

The E.P.A. criteria for nitrogen compounds is based on the
increased risk of infant methemoglobinemia from water with nitrogen
concentrations above 10 mg/1 (U.S.E.P.A., 1976b, p.108). Therefore,
the maximum contaminant level of nitrate-as-nitrogen (NO3—N) is
10 mg/l, that for nitrite-as-nitrogen (NO,-N) is 1.0 mg/l, and that for
the nitrate ion is 45 mg/l. The ratio of the molecular weight of
nitrate to that of nitrogen is 4.5; therefore, the limits were estab-
lished at the same ratio.

Methemoglobinemia is a condition in which nitrate is converted to
nitrite in an infant's stomach. The nitrite changes oxygen-bearing
hemoglobin to methemoglobin, which does not transport oxygen in the
blood. The result is oxygen deprivation. In adults the effect of
nitrates is diarrhea (U.S.E.P.A., 1976a, p.81; Waldbott, 1973, p.259).

In Comanche County nitrate levels in shallow (less than 150 feet
deep) ground water can range up to 40 mg/l (Havens, 1983; Back, 1985).
Deeper waters generally have levels less than five milligrams per
liter; an analysis of water from the Arbuckle Group Aquifer at a depth
of 550 £t (168 m) reported to contain 85 mg/l (Havens, 1983, Table 1)
probably represents contamination from the surface. In the Indiahoma
test well nitrate levels were much below the detection limit of the
laboratory analysis. The 460-foot sample had a level of 2.8 mg/l
nitrate as determined by colorimeter.

The only other chemical parameter in these samples for which there

is a toxic limit established by the state is barium. The 1.0 mg/1
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limit avoids toxic effects on the heart, blood vessels, and nerves
(U.S.E.P.A., 1976a, p.58). The 460-foot sample contained 5500 ug/1
(5.5 mg/1) barium; the concentrations in the other samples were less
than the detection limit (Table XL).

To minimize staining and taste effects the limit for irom is 0.3
mg/1 for domestic water supplies (U.S.E.P.A., 1976b, p.78). Because of
the acidification of the samples analyzed for total iron, the concen-
trations greatly exceeded this limit. These high iron levels inter-
fered with the colorimetric determinations of total hardness by the
laboratory. A titration method was considered more accurate.

The E.P.A. criteria for chloride and sulfate are based on taste
and health effects (U.S.E.P.A., 1976b, p.205). The 1limit for both of
these parameters is 250 mg/l. This limit protects against laxative
effects by sulfate and minimizes any salty taste due to chloride. The
460-foot sample contained excessive sulfate, and the chloride concen-
tration approached the 250 mg/l1 limit. The chloride levels in the
other samples were below the limit.

A limit for sodium of 270 mg/l is recommended for moderately
restricted sodium diets (U.S.E.P.A., 1976b, p.205). This level is also
a recommended aesthetic limit. The sodium-adsorption ratio (SAR) is a
more significant measure of the hazard in irrigation water quality of
high sodium‘ concentrations because a clayey soil structure is damaged
by the exchange of sodium for adsorbed calcium and magnesium (Hem,
1970, p.228). The 490-foot samples had high SAR values, greater than
18. The values for the other samples (Table XLII) were in the medium

range, 10 to 18 (Johnson, 1966, p.79).



268

The E.P.A. criterion for alkalinity has been established as a
minimum of 20 mg/l because water treatment requires the pH buffering
capacity of alkalinity. Also, the carbonate and bicarbonate components
of alkalinity can reduce the toxicity of certain heavy metals
(U.S.E.P.A., 1976b, p.7). Excessive alkalinity is undesirable for some
industrial processes, and in irrigation water high levels may indi-
rectly increase the sodium in soil water (U.S.E.P.A., 1976b, p.8). The
range of maximum alkalinity for these reasons is 85 to 600 mg/l. Four
of the test well water samples exhibited high alkalinities, about 300
mg/l. The 460-foot sample contained about 75 mg/l. Because of the
high pH values, 8.7 to 9.0, the bicarbonate ion accounted for close to
100 percent of the alkalinity (Hem, 1970, Fig. 19). A more accurate
study of the carbonate equilibria of the ground water would require
field determinations of alkalinity.

The E.P.A. criteria for dissolved solids are based on taste and
economics, that is, the costs of damage to water distribution systems
from hard water (U.S.E.P.A., 1976b, p.206). The recommended maximum is
500 mg/1 although higher levels (1000 mg/l) are allowed if another
supply is unavailable. The total dissolved solids content can be
computed from the specific conductance measurements (Hem, 1970, p.99).
The conversion factor ranges from 0.55 to 0.75 depending on sulfate
concentration, but the mean value of 0.65 was used in this study. The
TDS values for the test well samples ranged from 845 to 1170 mg/1
(Table XL). These would be significant to irrigation water quality as
sensitive crops would be affected by these high concentrations.

None of these chemical parameters indicated saline water; however,

according to a study by Hart (1966), the base of fresh ground water is
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about 200 feet deep as determined from electric logs. There is a lack
of well control for the map in the western part of Comanche County.

Unless there are perched saline zones, the fresh ground water probably
extends deep into the Arbuckle Aquifer as indicated by Hart (1966) for

the Lawton area.

TABLE XXXVII

STATUS OF INDIAHOMA MUNICIPAL
SUPPLY WELLS

Well Depth Status Drilling Information Source
Date of Information
#1 475, Collapsed; 1947(?) D (Table c.C.
575(?) new casing to XXXII)
375 ft, 25 ft
open hole
2 250 Collapsed ? - USGS
3 660 Not in use Apr.-June, D (Table I
1974 XXXIII)
4 655 Test well Dec. 1985 D,G (Fig. L-W
and new Feb. 1986 100)
production
well
D: driller's log C.C.: Oklahoma Corporation Commission,
G: gamma log 0il and Gas Conservation Dept.

I: Town of Indiahoma files and officials

L-W: Layne-Western Co., Wichita, KS

USGS: U.S. Geological Survey open files,
Oklahoma City



TABLE XXXVIII

DISPOSITION OF WATER SAMPLES FROM INDIAHOMA TEST WELL

Analysis
Location Labaratary Laboratory Laboratary At Site 0ffice Qffice
Analyses F,Cl,s0,,pH Fe, Mg, Ca, Na, NDB-N,H02-N pH NO,, F
alkalinity, total K, Ba, tatal temperature, within
dissolved =solids, hardness NO_,+NO gpecific 24 haours
3 2
apecific conduc- conductance
tance
Sample
Preparation Chilled, Acidified Acidified Bottles Chilled Chilled
bottles rinsed with HNQO_, with H750 ) rinsed with
with HNO_, HC1, chilled; chilled; sample
deionized H20 bottles bottles
rinsed with rinsed with
HNO,_, HCL, HCi,H.s0,,
deionized HZD deionized H20
Samples
420-440, 455,

460, 480 X X X X X --
4S90a, b X X X X X --
490c - -- X -- - --

420, 455,

480-650

(every 10£ft),
655 -—- -- - -- -- . -—- -

420-620 -- -- -- -- -—— - ar -

610-855 -- -- -- ~-= -- -—- ==

s Colarimeter method, 2 ml sample diluted to 8 ml
+» Spectrophatameter method, S5 ml sample diluted ta 25 ml
f Spectraphatometer method, 2.5 ml sample diluted to 25 ml

0.2



TABLE XXXIX

FLUORIDE ANALYSES OF GROUND WATER

JANUARY, 1

FROM INDIAHOMA TEST WELL,

986
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Units are milligrams per liter

Depth Fluoride

Method: Lab Colorimeter Spectrophotometer-

2ml to8ml 5 ml to 25 ml 2.5 ml to
dilution dilution 25 ml1 dilution

420-440 8.60 7.16 4.20 -
455-460 7.80 7.00 6.50 -
480 8.90 6.40 5.60 -
490a 9.90 7.52 5.65 -
490b 10.80 - - -
490c - -- - -
500 - 7.24 5.70 -
510 - 7.48 6.90 -
520 - 5.50 4.75 -
530 - 8.40 5.75 -
540 - 7.44 7.00 -
550 - 7.48 4.65 -
560 - 7.20 6.00 -
570 - 6.40 7.05 -
580 - 7.12 5.80 -
590 - 7.40 6.50 -
600 - 7.20 6.10 -
610 - 7.20 6.70 7.80
620 - 4.80 5.80 6.80
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TABLE XXXIX (Continued)

Units are milligrams per liter

Depth Fluoride
Method: Lab Colorimeter Spectrophotometer
2 ml to 8 ml 5 ml to 25 ml 2,5 ml1 to
dilution dilution 25 ml dilution
630 - A10 - 16.00
Off scale
640 - A10 - 13.80
Off scale
650 - 8.3 - 11.20
655 - 8.2 - ] 11.20
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TABLE XL

CHEMICAL ANALYSES OF GROUND WATER
FROM INDIAHOMA TEST WELL
JANUARY, 1986

Laboratory analyses except as noted
Units are milligrams per liter except as noted
* Less than detection limit

Nitrogen, Nitrogen,
Depth Nitrate as N Nitrite as N Nitrite- Calcium,

Lab Colori- Nitrate as Total

meter N
420~ *0.50 - *0.500 *0.5 9
440
455~ *0.50 2.8 *0.500 *0.5 180
460
480 *0.50 0.2 *0.500 *0.5 21
490a *0.50 0.0 *0.500 *0.5 15
490b *¥0.50 4£0.1 *0.500 *0.5 11
490c *0.50 0.0 *0.500 *¥0.5 -
Depth Magnesium, Hardness, Chloride, Sodium, Potassium,
Total Total Total Total Total

420- 46 *10 108 390 9.8
440
455~ 910 *100 241 1390 151.4
460
480 21 20 185 390 2.3
490a 14 27 225 440 2.3
490b 15 26 226 460 2.5

490c




TABLE XL (Continued)

Units are mg/l except as noted
* Less than detection limit

Total
Depth Alkalinity, Sulfate, Iron, Barium,
Total Total Total
ug/1
420~ 309.0 179 244 *400
440
455~ 75.0 359 7100 5500
460
480 294.0 204 39.0 *200
490a 319.0 241 18.7 *200
490b 322.0 242 32.0 %200
490c - —— - ——
pH Conductance Temperature Total
Lab Field umhos/cm °C (°F) Dissolved
T °C Lab Field Lab Field Solids
T °C Calculated
Lab Cond. x 0.65
420~ 9.0 9.0 1800 1800 5.0 - 1170
440 7 5.0 5 (41.0)
455~ 9.0 9.1 1300 1300 7.0 - 845
460 6 7.0 7 (44.6)
480 8.8 8.9 1500 1450 18.0 - 975
5 18.0 5 (64.4)
490a 8.7 8.7 1750 1700 18.0 18.3 1138
7 18.0 7 (64.4) (65)
490b 8.7 8.8 1700 1700 7.0 - 1105
7 7.0 7 (44.6)
490c 8.7 8.8 1650 1600 7.0 - 1072
6 7.0 6 (44.6)
ug: micrograms umhos: micromhos
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TABLE XLI

SPECIFIC CONDUCTANCE AND PH VALUES OF GROUND WATER

FROM INDIAHOMA TEST WELL, DECEMBER, 1985

Values were measured at well site

Specific
Depth  Conductance Temp. Average, pHi Temp. Average
umhos/cm? °C rounded °C
to nearest
50 umhos
420~ 1750 7 9.0 7
440 1800 5 1800 5°C 9.1 6 9.0 7°C
455- 1300 7 8.9 7
460 1300 7 1300 7°C 9.1 6 9.1 6°C
1300 5 9.2 4
480 1500 5 8.8 5
1450 5 1450 5°C 8.9 5 8.9 5°C
1350 5 8.9 5
490a 1750 7 8.8 7
1750 7 1700 7°C 8.7 7 8.8 7°C
1650 8 8.8 8
490b 1750 7 8.8 7
1650 9 1700 7°C 8.7 9 8.8 7°C
1650 7 8.8 7
490c 1600 6 8.8 6
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TABLE XLII

SODIUM-ADSORPTION RATIOS OF GROUND WATER
FROM INDIAHOMA TEST WELL,
JANUARY, 1986

Depth Sodium Chloride Calcium Magnesium SAR
mg/l meq/1 mg/l meq/l mg/l meq/1 mg/l meq/1

420- 390 16.96 108  3.05 9 0.449 46  3.784 11.66
440

455- 1390 60.46 241 6.80 180 8.982 910 74.86 9.34
460

480 390 16.96 185 5.22 21 1.048 21 1.727 L14.40
490a 440 19.14 225  6.35 15 0.748 14 1.152 19.64
490b 460 20.01 226  6.38 11 0.549 15 1.234 21.19

Conversion Factors, mg/l to meq/l
0.04350 0.02821 0.04990 0.08226

SAR = Na .
[0.5 (Ca + Mg)]*
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