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EXECUTIVE SUMMARY
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by
Douglas C. Kent
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Ben Greeley

T. Boone Pickens

School of Geology

Oklahoma State University

The objective of this research is to assess the availability

of adequate quality ground water to supplement municipal and

rural water district supplies in Comanche County. Well yields

were determined, and a summary of available ground water

characteristics is presented.

Hydrogeologic data were collected for the three principal

aquifers in Comanche County, south of the Wichita Mountains.

These aquifers are the alluvium of existing creek valleys, the

Post Oak Aquifer, and the Arbuckle Group Aquifer.

The Post Oak Aquifer consists of conglomerates, sandstones,

and shales including the Hennessey Shale and Garber Sandstone.

The aquifer is separated into two zones of different

permeability, transmissivity, and yield according to the areal

distribution of grain sizes of the sediments in these zones and

pumping test data. The zone with coarser grain sizes exhibits a



permeability of 800 gallons per day per square foot (gpd/ft2), a

transmissivity of 16,000 gallons per day per foot (gpd/ft), and

yields 110 gallons per minute (gpm). The zone with finer grain

sizes has a permeability of 200 gpd/ft2 , a transmissivity of 4000

gpd/ft, and will yield 30 gpm. The average saturated interval is

20 feet, and the average well depth is 50 feet. The Post Oak

Aquifer is thinner than 100 feet adjacent to the Wichita

Mountains but is as thick as 2,400 feet in southeast Comanche

County. The approximate cost of drilling a production well to

the average depth in the Post Oak is $350.00, based on an average

cost of $7.00 per foot.

Alluvium consists of sands, gravels, and clays within creek

valleys. In the northwestern portion of the study area the

alluvium averages 30 feet in thickness. In the remainder of the

study area the alluvium averages 40 feet in thickness. The

average permeability of the alluvium is 990 gpd/ft2. The average

saturated thickness is 16 feet, average transmissivity is 15,840

gpd/ft, and the average well yield is 77 gpm. The approximate

costs of drilling a production well in alluvium would be $210.00

where the formation is about 30 feet thick and $280.00 where

the alluvium is 40 feet thick.

South of the Wichita Mountains, the Arbuckle Group Aquifer

lies below the Post Oak Aquifer and consists of limestones and

dolomites. Pumping test data indicate an average transmissivity

of 1,720 gpd/ft. An average well should be 1,170 feet deep,

penetrate 500 feet into the aquifer, and should yield 270 gpm.



Because of the varying depth of the Arbuckle Group Aquifer

(cropping out in the north central part of the study area near

the base of the Wichita Mountains and over 4,500 feet thick in

the southeast corner of the study area), the average cost to

drill a production well ranges from $5,250.00 to over $17,500.00.

Ground-water quality maps indicate areas where fluoride

and nitrate levels exceed recommended safe levels in the Post Oak

Aquifer and alluvium. High fluoride levels occur in the west

central portion of the study area between Indiahoma and Lawton.

High nitrate levels occur in three zones: just north of

Indiahoma, to the southeast of cache, and to the north of Lawton.

In the Arbuckle Aquifer the fluoride content ranges from 1.6 to

17 milligrams per liter (mg/l), and the nitrate level ranges from

o to 8.3 mg/l.

Areas within Comanche County exhibiting favorable well

yield, ground-water quality, proximity to each rural water

system, and drilling costs are identified. These data may be

used to determine areas of potential ground-water development for

towns and rural water districts.
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Two methods of analysis of aerial photographs were used to

determine the distribution of estimated well yield of the

Arbuckle Group Aquifer. For one method the total length of

fractures in an area was assumed to control the permeability and

yield of the aquifer. Lineaments in the Post Oak and Permian

sediments overlying the Arbuckle Group correspond to these

fractures. The other method involved projection of fracture

patterns occurring in the Wichita Mountains into the Arbuckle



Group to the south. It was assumed that the number of fracture

intersections controls the permeability and expected well yield.

The lineaments are more apparent than the actual intersections of

extended fracture lineaments.

Fracture lineaments in the Wichita Mountains range in length

from 0.2 to 6.2 miles and have three dominant' orientations: 60 0

to 90 0 west of north, 100 east of north, and 80 0 to 90 0 east of

north. Lineaments in the Post Oak and Permian sediments range in

length from 0.3 to 11.4 miles and are oriented 200 to 300 west of

north and zero to 100 east of north.

Well yield values derived from the two methods were averaged

and compared with the well yield calculated from production well

test data. Areas with well yields greater than 270 gallons per

minute are located in townships 2N to IS and ranges llW to 14W.

The two methods qualitatively locate areas of relatively

higher yield. Verification of estimated aquifer yield

quantitatively requires actual production well test data.
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Ir;TRODUCTIOl~

Tllis is .3. final report LO the Ol~lahor.1a ';;ater Resources .Board
1n partial fulfillment of contract No. 1-5-71325 ttrou~~ Oklahoma
State University and the Geology Departcent.

A hydrogeologic analysis of Co~anche Cocnty south of the
~}ichita Hountains, and including stlall portions of Cotton,
Stevens, anci Tillman Counties uas conducted to estimate graund­
~Jater reserves capable of yielding adequate quality ground-water
to supplecent municipal and rural water district supplies within
tolerable lilaits of nitrate and fluoride. Average "ell yields
were detercined and a suc~ary of available ~round ~ater was
prepared.

StuC:ies by Stone (1981) and Green and AI-Silaieb (1981) have
been l:lsde to assess the fluoride ?roble::-. found in ground-'Ilater
supplies in Couanche County and to identify alternative solutions
to tn1s problem. The primary conclusion from tllese reports waS
to utilize local ground-and surface-<later supplies. Feasible
ground-water resources include the alluvium and shallow portions
of the Post Oak Aquifer. Ground water from the deeper Arbuckle
Aquifer eight be mixed with other sources in order to reduce the
fluoride concentration. Davens (1983) confir~ed the findings of
Stone (1931) and Green and AI-Shaieb stating that little of the
deep ground water is consumed by humans due to the high fluoride
content.

The larger study area contains 1,440 square uiles, mostly in
Co~anche County (Figure 1). Pricary focus was restricted to the
area south of the Wic~ita Mountains, an area of approxi~ately 936
square miles. The Hichita Hountains to the r.orth rise some 500
feet above the adjacent study area. Principal drainage is toward
the south to the Red River by 'Jest Cache Creek, East Cache Creek,
and Big ~eaver Creek. Analysis uas directed to the three
aquifers found to be present within this latter area. These are
the alluviur.. deposits along oaJor cree:~s, the Post Oak Aquifer,
~nd the Arbuckle Aquifer.

Data froe the analysis W1l1 serve as input to a nUwerical
c10del of the ground-water hydraUlics 1n the Post Oak Aquifer to
be described by Greeley (1985).

GEOLOGY

'The geolo;;y in the study area consists of C2i:brian igneous
rocks in the ~;ichita ::ountains, Orciovician ana. Carabrian liUl€stone
and dolomites adjacent to the mountains, and Pernian red bed
con~lor..erates, sancistones, ana shales on the plains (Figure 2).
The Lo~;er Perl..ian Post Gc.l~ Congloi7.erate, I-~ennessey Shale, and
Garber Sandstone lie on the flanks of t~le ~:ichita ~:ount3ins. The
liiJdle Perwian [1 ~eno Grocp of sandsto~es and sh~les and the

1
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Upper Percian White~orse Group of sandstones and gypsum occur in
tbe northeastern corner of the county (Havens. 1977). llithin the
creek valleys are Quaternary alluvial deposits of sand. gravel.
and clay.

~orth-south cross-sections A-A' (Fi;ure 3) and east-west
cross-sections B-B' (Figure 4) an," C-C' (Figure 5) show
scllematically the relationship of the formations in the
subsurface. The Wichita ttountains are a block of 19neous rocks
bounded by steep faults. Overlying the igneous rocKs are the
Arbuckle Group of limestones and dolomites. These dip in the
direction of the Anadarko Basin in the north and toward the
l:arietta Basin in the south. Overlying the Arbuckle Group 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 Sandstone lie on the Arbuckle to the
south of the ~iichita Mountains. These Permian formations are
undifferentiable in the subsurface.

SOILS

Distinctive soils have developed on the geological
formations. The Foard-Tillman soil association covers 120.726
acres. or 18 percent of the county. These soils developed from
limey Permian shales on uplands. The Zaneis-Lawton-Lucien
association occupies 132.700 acres. or 19% of the county. These
soils formed from granitic outwash and fine-grained sandstone.
On flood plains is found the Port-Zevala-Lela association. which
covers 76.800 acres. or 11% of the county. These soils are fine
sandy limey clay loams (Hobley and Brinlee. 1967).

CLUIATE

Comanche County has a dry, subhumid, temperate, continental
climate ("lobley and Brinlee. 1967l. The average daily
temperature is 36 0 F in January and 84 0 F in July (Pettyjohn and
others. 1983). The mean annual precipitation is 29.18 inches
(Figure 6) as determined from records for Lawton (lIational
Oceanic and Atmospheric Administration. 1952-1981). Monthly
precipitation is greatest in }lay with an average of 5.43 inches
and is lowest in December (1.22 inches) and January (1.04 inches)
(Figure 7). The high summer temperatures and low rainfall leads
to an average annual evapotranspiration of 26 inches (Pettyjohn
and others. 1983).

llETliODOLOGY

Data were ootained fron: drillers' logs, field I:".easurer.lents.
and previously published reports (Havens. 1977 and 1983; Uraniuo
n.esource Evaluation Project. 1978). The extent, thickness,
s.:J.turatea thickness, perneability, transoissivity, and yield of
the aquifers in the study area ~ere deriveri froffi these data.

4
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Well data were assigned to an anuifer according to location
on the geologic map or soil survey and the well depth. The
thickness of alluvium was determined froLl lithologic ~..,rell logs;
where these data were unavailable, the thickness of alluvium waS
assumed to be equal to the well depth. The thickness of the Post
Oak Aquifer is the difference between laud surface elevation and
the elevation of the top of the Arbuckle Aquifer. These
elevations were obtained from Havens (1983, Plate ll. The
saturated thickness is denoted as the difference between well
depth and static water level. The thickness of the Arbuckle
Group is based on data from McDaniel (1959). Because the
Arbuckle Aquifer is confined, its effective thickness was defined
as the average well penetration into the aquifer.

Permeabilities were derived from well log data by using a
relationship between grain size and permeability developed by
Kent and others (1973) (Figure 8). Each layer in a well log was
ass igned a. permeability value corresponding to its predominant
grain size. The values were weighted according to the thickness
of each layer and were summed to give a total permeability. The
product of permeability and saturated thickness is
transmissivity. This method is practical for only the alluvium
and the Post Oak Aquifer.

Another approach for obtaining transmissivities, used here
for these aquifers, is from pumping test data. The well yield
per foot of drawdown is the specific capacity. Walton (1970)
derived transmissivity from well yield, drawdown, well radius,
duration of pumping, and storativity or specific yield. Average
yields were determined from average values of transmissivity,
well radius, pumping duration, storage or specific yield, and
maximum drawdown. Water quality data were obtained from Havens
(1983), Stone (1981), Hounslow and Back (1985a and b) and the
U.S. Geological Survey's l,ater Data Storage and Retrieval System
(WATSTORE). Drilling costs used in this report are based on
current estimates by drillers and range from $5/ft. to $11/ft.
and average $7/ ft.

Data are presented in two forms within this study. The more
general presentation uses a township-range grid for reference
purposes. In an attempt to identify specific zones of high yield
and chemical problem areas associated ~vith nitrate and fluoride a
grid of nine-square-mile nodes was incorporated (Figure 9).
Average values of the data within each node were obtained.

AQUIFER CHARACTERISTICS

ALLUVIUl1

Alluvium consists of the sands. gravels. and clays ''lithin
creek valleys and comprises an unconfined aquifer (Figure 10).
Terrace deposits are not considered in this report and are not
shown.

10
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l:ell-lo~ data and the grain-size eevelope (Figure S)
incicate an average per~eability of 990 ~pd/ft2. The average
saturated interval is 16 it., and the average translllissivity is
15,840 gpd/ft. The specific yield was assu~ed to be two percent,
a low value ~lhich \'lould lead to an underestimation of the
expected yield anci a wini~uill fitiure to be used for water
~ana~ement purposes. The average well radius is 0.34 ft. (4.1
in.), and the average pump in;; duration is 1,200 min. (20 hrs.).
The expected well yield is 77 spm.

Where well-log data were u&available. the thickness of
alluviuQ was assumed to equal the well depth. Along East Otter
Creek, Sandy Creek, Post Oak Creek. upper Hest Cache Creek, and
Blue Beaver Creek tue alluvium averages 30 feet in thickness.
while along East Cache Creek, Dig Beaver Creek, and the southern
par t 0 £ ~l est Cae h e ere e l( the a 11 uvi u m a v era g e s 40 £ e e tin
thickness (Figure 10). The approxiwate costs of drilling a
production well are $210 in the 30-foot-thick zone and $280 in
the 40-foot-thick zone.

POST OAK AQUIFER

The unconfined Post Oak Aquifer consists of conglomerates.
sandstones. and shales eroded froe the Wichita Mountains. Havens
(1977 and 1983) considered the Post Oak Conglowerate. Hennessey
Shale. and Garber Sandstone as separate aquifers because they can
he wapped separately according to their geology. For this report
they have been combined because they consist of rocks which
cannot be differentiated in the subsurface and which exhibit
similar hydraulic characteristics. The Wichita Formation and
Oscar Formation are names sorr.etirnes applied to the deeper parts
oi the aquifer.

The total thickness of the Post Oak Aquifer is the
difference bet~~~een land surface elevation and the elevation of
the top of the Arbucl<le Group given by Havens (1983. Plate 1).
Figure 11 shows the average total thickness per nine-square-mile
node on the grid. and Figure 12 is a contour map of the
thickness. The effective thickness of the Post Oak Aquifer '\vas
assumed to be equal to the average well depth of 50 feet.

In a study of the Post Oak Conglomerate, Stone (1977) mapped
patterns of grain sizes and found evidence for ancient strea~

channels in areaS of coarse mean grain size. These areas ~.;ould

have higher well yield created hy higher permeability. Figure 13
is E Qap ,"odified frow Stone (1977) of the probable locations of
these channels and their associatea. ::.ean grain sizes of 0.5 and
0.7 om. Based on this map the Post Oak Aquifer was separated
into t,"O zoneS of different perrueability (Figure 14),
transmissivity (Figure 15), and e;<pected yield (Fi;;ures 16 and
17). ?rom well-lo;; d"ta and tr.e grain-size envelope (Figure 8)
the perr;... eability '\Jithin the coarse-grained zone is found to be
300 ballons per d"y per square foot (gpd/ft 2 J. Tlle average
saturated interval for wells into the Post Oa~ is 20 feet; the
tr~nsnissivity 1S, thereiore, 16.000 gallons per day ?er foot

14
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(gpci/ft).

In addition to ffiean grain size as evidence of the existence
of channels, total sand thickness also indicates channel areas.
Fi~ure 18 is a cap of the total thickness of sand, gravel, and
conglomerate layers within 50 feet of the surface. Ten-foot
thick zones are identified through In6iahoma. Cache, and Lawton,
with a possible channel east of Lawton.

The IOaximum theoretical drawdown is 70 percent of the
saturated interval above a five-foot well screen (Johnson, 1966,
p. 318); this results in a value of 11 feet. An underestimated
specific yield of two percent was assumed; this compares with a
value of five percent for sedi~ents si~ilar to those of the Post
Oak Aquifer (Johnson, 1967). The average well radius is 0.35 ft
(4 1/4 in.), and the average pumping duration is 660 minutes (11
hours). Halton's equation (1970, p. 315) provides a nominal
average well yield of 110 gallons per minute (gpr.l) in the coarse­
;;rained zone.

In the finer-grained zone the permeability is 200 gpd/ft 2 ,
the transmissivity is 4,000 gpd/ft, and the expected well yield
is 30 gpm.

Information from water-well drillers in the region indicates
an average drilling cost of $7.00 per foot. It would, therefore,
cost $350 to drill to the average well depth of 50 feet in the
Fost Oak,

ARBUCKLE GROUP AQUIFER

South of the Wichita llountains, the confined Arbuckle Group
Aquifer lies below the Post Oak Aquifer and consists of
limestones and dolon:ites. It is absent in the subsurface north
of Indiahoma and Cache and southeast of Faxon and Chattanooga
(l:cDaniel, 1959, Plate I) (Figures 19 and 20). Outcrops ocCur
north.est of Lauton (Figure 2). The Limestone, or Slick, aills
region, where the Arbuckle Group crops out north of the
wountains, is not considered in this report.

The depth of the Arbuckle Group bela;; land surface, where
the Arbuckle Group is present, is equal to tile thickness of the
Post Oak, which can be greater than 2,000 feet (Figures 11 and
12). The Arbuckle Group can also be more than 2,000 feet thick
(Figures 19 and 20).

The grain-size envelope method for deterillining perweability
1S not applicable to this aquifer because ground water movement
is through fractures and not between grains (Havens, 1983).
Pumping test data indicate a transmissivity of 1,720 gpd/ft
(Figure 21). The effective aquifer thickness was assumed equal
to the average well penetration of 500 feet. The ratio of
transi:lissivity to the effective thicl~ness is the perineability;
the value for this aquifer is 3.5 gpd/ft 2 (Figure 22).

22
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To calculate yield a storativity of 0.0001. a typical value
as listed in Walton (1970. p. 315). was employed. The average
well raaius is 0.28 ft. (33/8 in.) and the average pumping
duration is 5000 I:linutes (30 hours). The maximum drawdown lias
esti~ated to be 70 percent of the effective thickness. or 350
feet. The resulting expected yield is 270 gp~ (Figures 23 and
24). IIhere the Arbuckle Group is less than 500 feet thick. the
transmissivity, permeability, and yield are considerea to be less
than the calculated values.

In order to ~ore realistically represent the drilling costs
for the Arbuckle Group Aquifer. five-hundred feet were added to
the Post Oak thickness. Estiuated drilling costs range from
$5,250 where this formation is close to the surface to Over
$17.500 "here it lies elOre deeply buried.

GROUND AND SURFACE RATER RELATIO~SHIP

Most of the streams in Comanche County flow only during the
,;et season. In dry months the water table in the creek valleys
lies belo,; the bottom of the stream channel. Big Beaver Creek
flows throughout the year. except during droughts. and is a
gaining stream, with ground water sustaining the streamflow
during periods of low flo,; (baseflow). ~lunicipal effluent fron'
Lawton and discharge froel Lake La,;tonka and Lake Ellsworth
sustain the flow of East Cache Creek (Hauth and others. 1984).

The surface-water quality during periods of 10'; flow is
similar to the regional ground-water quality. Data for Blue
Beaver Creek (Hauth and others. 1984) SilO'; a background fluoride
level of 0.3 to 0.5 milli3rams per liter (mg/l) and a background
nitrate level of 0.10 mg/l or less.

FLUORIDE AND NITRATE PROBLEMS

The Oklahoma "later quality standards (Oklahor,:a Hater
Resources board. 1982) allow the maximum level of fluoride to be
1.6 milligrams per liter (mg/l) at 90 0 F and the level of nitrate
(N0 3 -N) to oe 10.0 I:lg/l. Ground-water quality data for the Post
Oak Aquifer and alluvium from Rounslow and Back (1985a and b).
Stone (1981) and HATSTORE indicate areas "here these levels are
probably exceeded (Figures 25.26.27 and 28). The complex
;;eochemistry of the occurrenCE of fluoride in tl:e Post Oak
(Hounslow and Back. 1985a) implies that ,;ells withia a node could
exhibit very riifferent amcunts of fluoride. A high nitrate level
:.night be acconpanied by pesticide contanination (Hounslo\\" and
Back. 1985b). For these reasons wells in those areas "ith
favorable yield and drilling costs but with problenatic w~ter

quality should be examined ~ore extensively for contecination
before develop~ent of ground-water supplies. Aaverse quality in
nodes cont3inin6 both alluviuw and the Post Oa~ Aquifer i~as

27
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assu~ed to affect both 3qulrers.

Acccrciin; to data frol', ",vens (1983) tbe fluoride level in
the Arbuckle ~quifer ranges from 1.6 to 17.0 w6/1; the nitrate
content is 0 to 2.3 ""gil. Hounslo,; and llack (1985a) claic that
the presuiiiea. l1i 6 h fluoride level in the Arbuc~\:le is due. to poor
well construction Wllich allo~s contamination from high-fluoride
Post Oak waters.
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The three principal
alluvium in creek valleys,
Group Aquifer.

COtiCLUSIOl1S

aquifers ln Comanche
the Post Oak Aquifer,

County are the
and the Arbuckle

The Post Oak Aquifer consists of conglomerates, sandstones,
and shales. This aquifer I<as separated into tl<O zones of
different permeability, transmissivity, and yield according to
the areal distribution of grain sizes. The coarser-grained zone
exhibits a permeability of 800 gpd/ft 2 , a transmissivity of
16,000 gpd/ft, and I<ould yield 110 gpno (Figure 29). The finer-
grained zone has a permeability of 200 gpd/ft 2 , a transmissivity
of 4,000 gpd/ft, and I<ould yield 30 gpm.

Alluviur: consists of sands, gravels, [tnd clays within creek
valleys. The average permeability is 990 gpd/ft 2 , the average
transmissivity is 15,840 gpd/ft, and the average yield is 77 gpm
(Figure 30).

The Arbuckle Group Aquifer lies bela" the Post Oak Aquifer
and consists of limestones and dolomites. Its average
perueability is 3.5 gpd/ft 2 , I<ith an average transmissivity of
1,720 gpd/ft, ane the average well yield is 270 gpm (Figure 31).

Fi;;ure 32 is a map of the rural water distribution systems
serving Comanche County showing the trunk lines longer than two
miles. The smaller tOl<ns are supplied by their city >lell
systems, except for Indiahoma which is temporarily on the CKT
Syste~. COwanche County Rural Water District (RWD) 3, Cotton
County RHD 2, and the Geronimo Public Water Authority (PHA) may
be connected.

High fluoride levels in the Post Oak and alluviucl occur in
the west central portion of the study area betl<een Indiahoma and
Lawton (Figure 33). High nitrate levels occur just north of
I n d i a 11 0 r:l. a, sou the a s t 0 f Cae he. a n ci nor tho f L a l"T ton (F i g u r e 3 4 ) •
In the Arbuckle Aquifer the fluoride content ranges from 1.6 to
17 111g/1, and the nitrate level ranges froc, 0 to 8.3 mg/l.

Table 1 sumll1arizes the aquifer data for each nine-square­
mile r~ode of the reference grid. the nodes are grouped by their
location in the rural water districts. Data for those nodes with
the most favora'lJle yield, drilling costs, and ~rour..d-w·ater

quality have been summarized in Tables 2 through 16. These are
based or: data presented above in Figures 29 through 34. A to,;.;n
or rural water district requiring additional ;;round-water
supplies can cOwpare areas of potential ground-water develop~ent

which are close to the trunk lines of the water distribution
systews. Hithin these favorable nodes the drilling costs,
yields, and water quality of the aquifers can be co~pared.
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TABLE 2

CKT SYSTEM: HIGH YIELD NODES. ALLUVIUM A(UIFER

HIGGER THAN RECOMMENDED LIUITS
NODE EXPECTED AVERAGE FLUORIDE. og/l GITRATE. mg/l ESTIhATED COST

YI ELD. b P m AT $7. 001ft.

Al
A4
AS
ill
82
83
~4

B5
Cl
C2
C3
CS
D2
D4
DS

77
77
77
77
77
77
77
77
77
77
77
77
77
77
77

>1.6
> 1 .6
>1 .6
>1 .6
> 1 .6
> 1 .6
>1.6
>1.6
>1.6
>1.6
>1. 6
>1 .6
>1.6
>1 .6
>1. 6

43

>10

>10
>10

>10
>10

$210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00
210.00



TABLE 3

CKT SYST;<;:l: HIGH YIELD t:ODES. POST OAK AQUIFER

Z::PECTED
YIELD, ~po

EIGCER THAN RECOMMENDED LIUITS
FLUORIDE. 08/1 NITRATE. og/l ESTIMATED COST AT

$7.00/ ft •• AVG. OF
50 ft.

Al
A2
A3
A4
AS
A6
Bl
B2
ll4
B5
B6
03
04
D3
D4
D5

110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110

>1. 6
>1 .6
> 1 .6
>1 .6
>1.6
>1 .6
>1.6
>1 .6
>1.6
>1 .6
>1. 6
>1 .6
>1.6
>1 .6

44

>10
>10
>10

>10
>10
>10
>10

$350.00
350.00
350.00
350.00
350.00
350.00
350 .00
350.00
350 .00
350.00
350.00
350.00
350.00
350.00
350.00
350.00



TABLE 4

CKT SYSTEM: HIGH YIELD NODES, ARBUCELE AQUIFER

NODE EXPECTED AVERAGE
YIELD, Spill

HIGER THAN RECOIIMENDED LIMITS*
FLUORIDE, mg/l NITRATE, mg/l ESTIMATED COST

AT SLOO/ft.

A6
B5
56
C4
C5
D3
D4

>270
>270
>270
>270
>270
>270
>270

>1 .6
>1.6
>1.6
>1.6
>1 .6
> 1 .6
>1 .6

$5,250.00
5,250.00
5,250.00
5,250.00
5,250.00
5,250.00
5,250.00

* SOURCE OF DATA: HAVENS, 1983
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TABLE 5

GEROI;I~O P.W.A.: HIGH YIELD NODES, ALLUVIU~ AQUIFER

NODE EXPECTED AVERAGE
YIELD, gpm

HIGHER THAN RECOMMENDED LIMITS
FLUORIDE, mg/1 NITRATE, mg/1 ESTIMATED COST

AT $LOO/it.

CS 77 >1 .6 $210.00
E6 77 280.00
E7 77 280.00
E9 77 280.00
E10 77 280.00

46



TABLE 6

GERONIMO PWA: HIGH YIELD NODES. POST OAK AQUIFER

HIGHER THAN RECOMMENDED LIMITS
NODE EXPECTED AVERAGE FLUORIDE. ~g/l NITRATE. ~g/l ESTIMATED COST AT

YIELD. gpm $7.00/ft •• AVERAGE
OF 50 ft.

C6 110 >1.6 $350.00
D6 110 >1 .6 350.00
D7 110 350.00
E9 110 350.00
ZIO 110 350.00

350.00
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TABLE 7

GERONIMO P.W.A.: HIGH YIELD iODES, ARBUCKLE AQUIFER

NODE
HIGHER THAN RECOMMENDED LIMITS*

EXPECTED AVERAGE FLUORIDE, ~g/1 NITRATE, mg/1
YIELD, gp~

ESTIMATED COST
AT $7.00/ft.

C5
C6
D6
D7
E7
E8
E9
E10

>270
>270
>270
>270
>270
>270
>270
>270

>1.6
>1 .6
>1.6
>1.6
>1.6
>1 .6
>1.6
>1.6

*SOURCE OF DATA; HAVENS, 1933
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58,750.00
8,750.00

12,250.00
12,250.00
16,750.00
16,750.00
16,750.00
16,750.00



TABLE 8

COHANCHE CO. R\iD 3: HIGH YIELD NODES. ALLUVIUH AQUIFER

r,ODE EXPECTED AVERAGE
YIELD. gpm

HIGHER THAN RECOMMENDED LIMITS
FLUORIDE. mg/l NITRATE. mg/l ESTIMATED COST

AT S7-00/ft.

BIZ
B13
C12
C13
D13
E13
F12
F13
G13

77
77
77
77
77
77
77
77
77

(ALL NODES WERE BELOW
RECOh}:ENDED LH:ITS)
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S280.00
280.00
280.00
280.00
280.00
280.00
280.00
280.00
280.00





TABLE 10

COHANCEE CO. R,;o 3: HIGH YIELD NODES. ARBUCKLE AQUIFER

[WDE EXPECTED AVERAGE
YIELD. gpm

HIGHER THAN RECOMMENDED 1IMITS*
FLUORIDE. mg/l NITRAT]. mg/l ESTINATED COST

AT $7 .OO/ft.

Bll >270 >1.6 $8.750.00
B12 >270 >1.6 12.250.00
Cll >270 >1 .6 12.250.00
C12 >270 >1 .6 12.250.00
Dll >270 >1 .6 16.750.00
D12 >270 >1.6 16.750.00
D13 >270 >1 .6 17.500.00
Ell >270 >1.6 17.500.00
E12 >270 >1.6 17.500.00
E13 >270 >.16 17.500.00
F12 >270 >1 .6 17.500.00
F13 >270 >1 .6 17.500.00
G12 >270 >1.6 17.500.00
G13 >270 >1 .6 17.500.00

*SOURCE OF DATA: llAVEN. 1983
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TABLE 11

COTTON COUNTY RUD 2: HIGH YIELD NODES, ALLUVIUM AQUIFER

KODES E~PECTED AVERAGE
YIELD, gpm

HIGHER THAN RECOMMENDED LIMITS
FLUORIDE, mg/l NITRATE, mg/l EXPECTED COST

AT $7,OO/ft.

F5
F6
F7
F9
FlO
G7
G8
GIO

77
77
77
77
77
77
77
77

(ALL NODES WERE BELOW
RECOMEENDED LIMITS)
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$280.00
280.00
280.00
280.00
280.00
280.00
280.00
280.00



TA;)LE 12

COTTon COU~TY RWE 2: HIGH YIELD HODES. POST OAg AQUIFER

lIIGl:ER THAN ilECOHHEI'JDEI; LIllITS
HODE EXPECTED AVERAGE FLUORIDE. mg/l CITRATE. mg/l

YIZLD. gpUl
EXPECTED COST
AT $LOO/ft.
AVERAGE OF
50 ft.

F5
G7
G8
G9
GIO
GIl

110
110
110
110
110
110

(ALL HODES UERE BEL 011
RECOi,;;:E1:DED LlilITS)
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$350.00
350.00
350.00
350.00
350.00
350.00



TABLE 13

COTTon COUnTY RWD 2: UIGH YIELD NODES, ARBUCKLE AQUIFER

HIGBER THAil RECOMMENDED LIMITS*
NODE E:PECTED AVERAGE FLUORIDE, mg/1 NITRATE, mg/1 EXPECTED COST

YIELD, gpm AT $7.00/ft.

F3 >270 >1.6 $8,750.00
F4 >270 >1 .6 12,250.00
F7 >270 >1.6 16,750.00
F8 >270 >1 .6 16,750.00
F9 >270 >1. 6 17,500.00
FlO >270 >1 .6 17,500.00
F11 >270 >1.6 17,500.00
G3 >270 >1.6 8,750.00
G4 >270 >1. 6 12,250.00
G8 >270 >1 .6 16,750.00
G9 >270 >1.6 17,500.00
G10 >270 >1.6 17,500.00
G11 >270 >1.6 17,500.00

*SOURCE OF DATA: RAVENS, 1983

54



TABLE 14

nON-RURAL WATER DISTRICT: HIGH YIELD NODES. ALLUVIUM AQUIFER

HIGRER THAN RECOMMENDED LIMITS
NODE EXPECTED AVERAGE FLUORIDE. rug/l NITRATE. rug/l EXPECTED COST

YIELD. gpm AT $7.00 ft.

AU
1\9
A12
A14
B7
B8
119
C3
C9
CI0
D9
014
E4
E5
E14
F14

77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77

>1.6

>1.6

55

>10

>10
>10
>10

$230.00
280.00
230.00
280.00
230.00
280.00
280.00
280.00
280.00
280.00
280.00
280.00
280.00
280.00
280.00
280.00



TABLE 15

NON-RURAL HATER DISTRICT: HIGH YIELD GODES, POST OAK AQUIFER

HIGHER THAG RECOMMENDED LIMITS
NODE EXPECTED AVERAGE FLUORIDE, mgl1 NITRATE, mgll

YIELD, gpm
EXPECTED COST
AT $7.00/ft.
AVERAGE OF
50 ft.

A7
A8
A9
A10
All
B7
B8
B9
BI0
C8
C9
09
E3
E5

110
110
110
110
110
110
110
110
110
110
110
110
110
110

>1.6

>1 .6

>1.6
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>10
>10
>10
>10

>10
>10
>10

$350.00
350.00
350.00
350.00
350.00
350.00
350.00
350.00
350.00
350.00
350.00
350.00
350.00
350.00



TABLE 16

NON-RURAL WATER DESTr-ICT: HIGH YIELD NODES. ARBUCKLE AQUIFER

NODE EXPECTED AVERAGE
YIELD, gpIil

HIGHER TRAN RECONNENDED LIHITS*
FLUORIDE. mg/1 NITRATE. mg/1 EXPECTED COST

AT $7.00/ft.

---------------------------------------------------------------------
A7 >270 >1.6 $5.250.00
C8 >270 >1,6 8.750.00
C9 >270 >1.6 8.750.00
C10 >270 >1,6 12.250.00
C14 >270 >1.6 12.250.00
D8 >270 >1.6 12.250.00
D9 >270 >1.6 12.250.00
D10 >270 >1.6 16.750.00
D14 >270 >1.6 16.750.00
E3 >270 >1.6 8.750.00
E4 >270 >1.6 12.250.00
;;;14 >270 >1.6 16.750.00
F14 >270 >1.6 16.750.00
G14 >270 >1.6 16.750.00

*SOURCE OF DATA: llAVENS. 1983
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Distribution of ~ell Yields in the
Arb~ckle Grou? Aquifer

Based on Lineament
Analysis
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The distribution of estim&ted llell yield of the Arbuckle
Group t .. quifer \\'as deter'iilined by onalysis of .s.erial pi.:Ptographs.
T'i':o 3?proaches 'ilere used: one; \.;a5 to assur.;,e that lineai~;ents in
the Post Oa~ and Perwian sediments above the Arbuckle Group
in~icate fracture patterns in the underlyin~ Arb~ckle Aqcifer.
These line&cents consist of strai~ht se~ments of strea~ valleys,
s2gments of several stream valleys that are in align~Lent with one
another, or non-cultivated vegetation in liaear putterns. The
other approach involved projection or fracture patterns occurring
in the Wichita Uountains into the Arbuckle Group to the south.
Fractures in the ~vichita Granite Group l<1ere stucied by Gilbert
(1982). A lineament analysis and corresF'onding g,eological
interpretation of Comanche County is discussed by Donovan and
others (1986).

Eoth approaches required the measureuent of lengths and
orientations of lineacents on a ~osaic of aerial photographs at a
scale of one to 40.000. or one inch equals approxi~ately one ~ile

(U.S. Depart~ent of Agriculture. 1931). A map of the major
linea~ents in the ~lichita ~Iountains and in the Permian sedicents
to the south is sho~vn in Figure 1. Fracture lineanents in the
l';ichita Hountains range in ler4~th frow. 0.2 to 6.2 miles and have
three dominant orientations: 60 0 to 90 0 west of north. 10 0 west
tc 10 0 east of north. and 80 0 to 90 0 east of north (Fig. 2).
Linear:.ents of stream valleys and vegetation. most of which are
south of the mountains. range in length from 0.3 to 11.4 miles
~litil tl-lO docinant orientations: 20 0 to 30 0 ~.,est of north and
zero to 10 0 east of north (Fig. 3). Host of these lineaments are
between one and t~o miles long.

The fracture linea~ents can be separated into two sets
according to their time of formation (see Figs. 2 and 3). The
east-west trending fracture lineari'.ents forr=-.ed earlier than tll€
north-south trending set as shown by the lack of an east-west
trend in the lineaments of the Post Oek CongloDlerate and Per~ian

sediments. PresumaDly both sets occur in the Arbuckle Group;
however, assu=ing that the north-south set formed after
deposition of the Post Oak Conglomerate. only the north-south set
?ropa~steci upward through the Post O£k.

Assu:ling that per=eability an~ ~ell yield are controlled by
tile density of fractures, the alliount of fracturiu; was studied by
using two approaches. It was ass~med in the first approach that
a lineauent uight indicate or.ly part of a fracture and that an
area with many intersecting fractures would have a greater
perceability. Therefore, the linea~ents were extended 2cross the
area on an overlay ca~ using both the east-west and north-south
sets of linea~ents; it is assuued that both sets occur in the
Arbuckle Group. The schematic ~a? shown in Figure 4 re~resents

the extended lineaments, rond the nunber of linear.1ent
intersections per node is sho\vn in Fi~ure 5. The botto:..:.:. row is
beyond the area of tile overlay map. In or6er to establish a
per~eGbility value for each node, the ~verage perneability of the
.\.rbuc~~le AG.uifer uas deterI;:ined fro~:;. the \~ell d.ata. A value of
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3.5 <:;lJulit2 ",as cor.:puteci (see Kent and others, 1~36. p. 33) and
=ultiplied by trie ratio of the nu~ber of intersections i~ 2 no~e

tot 11 e <;'1 e ann 1; rJ b e r 0 i in t e r sec t ion 5 per 11 0 de. /.. n e:~ 11 r.: tJ leo f t 11 i s
c.11culation lS shO~'ln in Figure 6; a map of the calculated
perr::eability values for eaci': node is sho~·,rn in Fic,ure 7. \lell
yiel~ values ~lere calculated for each node usin~ a for~ula by
Halton (1970, ? 315) uhich assu:aes an average effective aquifer
thickness of 500 feet, a well radius of 0.28 feet, a puwping
period of 5000 l;linutes, a dra';lclo';'ln of 350 feet, and a storativity
of 0.C001. These values are derived from drillers' logs and
pumping test data from this area. A salr,ple "ell yield
calculation is also shown in Figure 6; a map of the calculated
yield valuEs for each node is shoun in Figure 8.

It vas assumed 1n the second approach that the total length
of fractures in an area controls the perweability. Only the
lineonents in the Post Oak end Permian sedi~ents \~~re considered
~ecause the Wichita lIountain fracture lineacents are outside the
study area, and the linea~ents in the Post Oak indicate fracture
patterns in the Arbuckle Group. The sum of lineanent lengths per
node is shown in Figure 9. The cocputation of the per~eability

for the node is similar to the procedure used in the first
cethod. The permeability is the product of the average
perrJeability as determined fro., ,;ell data and the ratio of the
total linea~ent length in a node to the average total length per
nod e • 1,; ell y i e 1dab a i n was d e t e r 1..'1 i ned b y I.r a 1 ton • s for mu 1 a •
Sample calculations of permeability and "ell yield for a node are
sho\,;n in Figure 10, Figure 11 is a cap of the peri:~:eabilities for
each nocie, and Figure 12 is a map of the well yield values for
each node. No~es without values are beyond the area of either
the aerial photographs or the overlay ~ap.

~.Jell yield values derived from the t,;/o approaches (Fi;;s. 3
and 12) ~ere also averaged using an arithnetic ~ean and are shown
in Ficiure 13. These values ';lere cc:.....,pareu with the average
calculated yield accoraing to production yell test data sho"n in
Fi~ure 14 (Fig. 24 from Kent and others, 1986). Tile locations
froe boti~ maps (Figs. 13 and 14) whic~ correspond to a well yield
of ..~ore t~1an 270 gpr:. are plotted and siloun on the :::ap in Fi;ure
15.

The ~ethods of analysis used for the tua a?pro&ches have
been applieri 1n conjunctioG with well yield ~ata (~ent En~

others, 1S36) to estililate tte distribution of relative, average­
expecteci ....'ell yields in the Arbuc~~le Groui? Aquifer as sr.OJ;;n in
r'i;ures 13 and 15. Ti-lese cethods qualitatively locate areas of
relatively olsher ';lell yielcis. The deternination of ~ctual

aquifer "ell yields quantitatively for anyone location requires
actual production well test data for taat location.
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ORIENT ATlON FREQUENCY
FRACTURE LINEAMENTS.

WICHIT A MTNS., COMANCHE CO.

0.2 miles minimum length
132 measurements

N
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Figure 2



ORIENT ATION FREQUENCY
VALLEY AND VEGETATION LINEAMENTS.

SOUTH OF WICHITA MTNS .. COMANCHE CO.

0.3 miles minimum length
115 measurements
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ARBUCKLE AQUIFER: NUMBER OF LINEAMENT
INTERSECTIONS PER NODE. nI

I
I
I

RI5W

m8an n=58

RI4W I
~

RI3W RI2W RIIW RIOW R8W I
---;

I~

II

B

c

o

E

F

o

I I 2 3 4 8 a 7 a 8 10 11 12 13 14

I
-

I 118 80 128 248 187 lU 103 38 58 22 U 81 30 8

I

I 10 I 88 88 121 103 138 81 48 34 11 U 34 40
I

54
I

I 38 108 81 125 14 75 73 U 18 12 38 17 68 I 55

I
I

II 50 37 116 120 74 86 87 18 48 42 16 62 28 21
L- _

I- - '-- -,- ~
19 60 84 :1 85 79 55 44 8 40 63 32 31 22 I 27
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,'igure 6

SAMPLE CALCULATIONS OF PERMEABILITY AND YIELD DERIVED FROU
NUMBER OF LINEAMENT INTERSECTIONS FOR NODE 8-12

Humber of lineament intersectioDs, D. = 34 ",ean n. "ii. = 58

Hean Perweability. K, ; 3.5 gpd/ft. 2

Permeability. K. = U x K = ~ x 3.5 = 2.03 gpd/ft. 2

6 58

NODE B-12

Average effective aquifer thickness, b, = 500 ft.

Average well radius, r • = 0.28 ft.
W

Average pumping p~riod. t. = 5000 win.

Average drawdown. s. = 350 ft.

Storacivity, S, = 0.0001

Yield, Q. =
264 log

KbB
( Kbt

2693 r 2 S
w

) - 65.5

=
264 log (

2 03 (500) ()50l = 165 .pw
2.03 (00) DQOOl ) - 65.5

2693 (0.28)2 (0.0001)



maan K= 3.5 gpdlft~x maan K

R14W I R13W R12W RllW Rl0W R9W I- - ""'-- - -- - - -- - - - ---"-""\
ARBUCKLE AQUIFER: PERMEABILITY, K. DERIVED FROM

NUMBER OF LINEAMENT INTERSECTIONS, gpdlft2

K= n
mean n

R15W
,-- -

I~

A
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E

F

G

I 1 2 3 4 5 8 7 8 8 10 11 12 13 14
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I
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I
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I
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11

5
.
09

II
r- - '-- -1--

0.78 2.33 2.8 I
11

3
.
53 8.34 4.0 I I 1.02 2.57 1.91 0.96 0.72 1.44 1.97 1.36.. - -IL _.

I

z
'"t-

z-t-

U>-t-

U>

'"t-
Figure 7



ARBUCKLE AQUIFER: EXPECTED YIELD. Q, DERIVED
FROM NUMBER OF LINEAMENT INTERSECTIONS, gpm

a. yIeld = Kbl

(
Kbl )264 log 2683~S -65.5 I =5000 mIn. '. =0.26 II.

R8W I
---1

RIOWRIIW

S =0.0001

b =500 II. I =350 II.

RI3W RI2WI
-'--

RI4WRI6W

r-

I
I
I
I

A

B

c

D

E

F

G

I I 2 3 4 I • 7 • 8 10 II 12 13 14

I 631 373 570 10.5 708 880 474 175 275 liD 158 288 147 1::4

I

I 486 443 452 563 474 828 458 221 186 81.8 170 186 183 : 267

I 184 487 421 870 302 381 342 170 II. I 82.1 178 88.3 288 I 281
I
I II 238 178 528 548 347 443 448 11.8 218 202 81.8 248 138 105
l...- _

f- - 1-- -~ --'
I

110 I86.8 284 434 386 388 281 211 32.3 183 262 158 152 134
I.
II r:- - f-- - --87.0 188 225
11

278 487 316 , 88.3 207 166 81.6 62. I 120 161 116

.-- -L-. __ ,
I

z
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me.n L =2.97 mil..

ARBUCKLE AQUIFER: SUM OF LINEAMENT
LENGTHS PER NODE. L, miles

R15W

r-- -

I
I
I
I

RI4W I
~

R13W RI2W R11W RIOW R8W I
-----\

A

B

c

D

E

F

o

I 1 2 a 4 8 8 7 8 • 10 11 12 la 14- .

I 4.80 4.08 a.16 2.54 6.11 1.87 1.11' 0.'7 a.u 0.1111 1.14 4.53 a.24 , 0.65

I

I a.44 4.311 4.75 4.17 0.1f 0.81 '.05
I

2.07 7.80 4.64 1.15 2.77 5.30 I 3.311

I 3.47 3.311 3.12 1.21 7.'8 a.23 2.83 4.18 I.U a.48 0.'1 2.81 7.08 I 5.28
I
I

2.87 II 2.48 3.311 5.211 4.78 5.811 4. III a.oll 1." '.U 2.71 1.72 0.15 3.31
L- _

f- - . I- ~

0.20 1.06 0.23 1'3.83 4.65 3.114 3.116 0.77 1.33 1.61 3.50 I
II

,...- - t---I- - 1.84 1.031.63 0.82 0.50 4.56 3.02 I 3.11

ro- -
0.34

L.. _. 11
0.1510.42

Figure 9
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Figure 10

SAMPLE CALCULATIONS OF PERMEABILITY AND YIELD FOI NODE B-12
DERIVED FROM SUM OF LINEAMENT LENGTHS

Sum of linea~ent lengths. L. = 6.05 giles; Qean suu. L. = 2.97

Mean permeability. K, ; 3.5 gpd/ft. 2

Permeability. K. ; J,... x K ; ~ x 3.5 • 7 .13 ~pdltt.2
2.97

L

Average effe~tive aquifer tbicknell. b. = 500 ft.

Averaoe well radiul. r w' = 0.28 ft.

Average pumping period. t. = 5000 win.

Av~ra~e drawdown. I. = 350 ft.

Storativity. S. = 0.0001

Yield. Q. =
264 log

264 log

lib s
( __'....; b",t...,..__ ) - 6 5 • 5

2693 r 2 S
w

7,13 (5001 (350)
(7,13 (SOOI (SOool

2693(0.28)2(0.0001)
) - 65.5

; 545 ~pm



ARBUCKLE AQUIFER: PERMEABILITY, K,
DERIVED FROM SUM OF LINEAMENT LENGTHS, gpdlft 2

K =me;n [ x me.n K

I~

R9W I
---i

RIOW

m..n K= 3.5 gPd'"!
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ARBUCKLE AQUIFER: EXPECTED YIELD. Q. DERIVED
FROM SUM OF LINEAMENT LENGTHS. gpm
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Node. with expected ~Ield equal to or greater than 270 gpm 1+1
Node. with expected ~Ield Ie.. than 270 gpm I-I

I ARBUCKLE GROUP ABSENT 0

ARBUCKLE AQUIFER: AVERAGE EXPECTED YIELD. Q.

ACCORDING TO LINEAMENT ANALYSIS
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ARBUCKLE AQUIFER: AVERAGE EXPECTED YIELD. Q.

ACCORDING TO WELL DATA AND LINEAMENT ANALYSIS
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