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EXECUTIVE SUMMARY
ANALYTICAL ASSESSMENT OF GROUND-WATER AVAILABILITY
FOR COMMUNITIES AND RURAL WATER DISTRICTS IN

COMANCHE COUNTY, SOUTHWESTERN OKLAHOMA

by
Douglas C. Kent

Jerry Overton

Ben Greeley

T. Boone Pickens
School of Geology

Oklahoma State University

The objective of this research is to assess the availability
of adequate guality 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
aguifers 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 1is separated into two 2zones 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 2zone with coarser grain sizes exhibits a



permeability of 800 gallons per day per square foot (gpd/ftz), 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/ftz, 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 0Oak
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/ftz. 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 socutheast 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: Jjust north of
Indiahoma, to the southeast of Cache, and to the north of Lawton.
In the Arbucklé Aquifer the fluoride content ranges from 1.6 to
17 milligrams per liter (mg/l), and the nitrate level ranges from
0 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.



EXECUTIVE SUMMARY

DISTRIBUTION OF WELL YIELDS IN THE
ARBUCKLE GROUP AQUIFER BASED

ON LINEAMENT ANALYSIS

Addendum To
Analytical Assessment of Ground-Water
Availability for Communities and
Rural Water Districts in Comanche County,

Southwestern Oklahoma

by
Dr. Douglas C. Kent
and

Benjamin B. Greeley

T. Boone Pickens Jr.
School of Geology

Oklahoma State University

Two methods of analysis of aerial photographs were used to
determine the distribufion of estimated well yield of the
Arbuckle Group Agquifer. 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 0ak 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 scuth. 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°
to 90° west of north, 10° east of north, and 80° to 90° east of
north. Lineaments in the Post Oak and Permian sediments range in
length from 0.3 to 11.4 miles and are oriented 20° to 30° west of
north and zero to 10° 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 1S and ranges 11W to 14W.

The two methods gualitatively locate areas of relatively
higher yield. Verification of estimated aquifer yield

quantitatively requires actual production well test data.



[ERFEEY

CLOGY

IFER HADACTEZRISTICE
Alluvium

Tost Qak Agquifer

Arvuckle Croup Aguifer
GROUID AID EZURFACE VATEIDR RIELATIOU
FLUCRIDE AlUD WITRATE PROELELS
CoLlCLUSIcus
REFDRENCES CITLD
ADSTURUU

LIP

1

-

3

198



T~ v I~ 00 P e

LYo

19

20
21
22

3
=

24
25

29
30
31
32
33

34

LIST OF

i
—
o
Lo}
oy
o

AUD TABLES

Locatien lap

Geologic lap

Cross-Section A-A'

Cross-Section B-E'

Cross-Section C-C°

liean Annual Precipitation

Honthly Precipitation

Coefficient of Permeability vs. Grain Size
Envelorpe

Reference Grid

Distribution of Alluvius and Reported
Averagze Values of Hydrogeologic Properties

Thickness of Post QOak

Tuickness of Post COak Aquifer

Channel Degosits within Post (Oak Aquifer

Permeability of The Post Qak Aquifer

Transmissivity of The Post Oak Aquifer

Expectfed Yield of Post Oak Aquifer

Expected Yield of The Post Qak Aquifer

Total Sand Thickness in Post Gak Aquifer
within 50 Feet of Surface

Thickness Map of Arbuckle Group south of
Wichita Mountains

Thickness of Arbuckle

Transmissivity of Arbuckle Aquifer

Permeability of Arbuckle Aguifer

Expected Yield of The Arbuckle Aquifer

Ixpected Yield of The Arbuckle Aquifer

Fluoride: Zounes Tested in Excess of
decomnended Levels

Fluoride: QNodes Tested i Excess of
Recommended Level at 1.9 wmgl/l

Gitrates (W04-1): Zones Tested
in Zxcess of Reccuzended Levels

llitrates: Nodes Tested in Excess of
Recomrended Level at 10 mg/l

Zxpected Yield of The Post Ozk Aquifer

Distribution of Alluvium and Reported
Average Values of Hydrogeologic Properties

Zxpected Yield of The Aroduckle Aguifer

Rural Water Distriet Main Trunk Lines

Fluoride: ilodes Tested in Excess of
Deconmended Level at 1.6 mg/i

ditrates! THodes Tested in Excess of
Tecommenced Level at 10 wug/l

ii

Page

ot
O~

11
13
14

16
13

19
21
22

25
26
27

(o]
o

29

31
32
34
35
36
37

39

40

41

42
43



Tanle

—

Lo

[:s]

[is]

10
11
12
13
14
15

16

Aquifer Characteristics

CKT System: lligh Yield Hodes, Alluvium
Aguifer
KT System: High Yield Kodes, Post QOak
Agquifer

CKT System: Hizh Yield lodes, Arbuckle
Aquifer

Geronimo P.W.A.: {dizh Yield Hodes, Alluvium
Aquifer

Geronimo F.W.A.: High Yield Hodes, Post Cak
Aquifer

Ceronimeo ?.W.A.: High Yieldé [Nodes, Arbuckle
Aguifer

Comanehe Co. RWD 3: High Yield Hodes,
Alluviur Aquifer

Comanche Co. RWD 3: High Yield lodes, Post
Oak Aquifer

Comanche Co. RWD 3: High Yield Lecdes,
Arcuckle Aquifer

Cotton County RWD 2: Iigh Yield Hodes,
Alluvium Aquifer

Cotton County RWD 2: Eign Yield Kodes, Post
Oak Aquifer

Cotton County RWD 2: High Yield Hodes,
Arbuckle Aquifer

Yen-Rural Water District: High Yield [odes,
Alluvium Aquifer

Non-Rural Water District: High Yield Hodes,
Post QOak Agquifer

Mon-Rural Water District: Hign Yield Kodes,
Arbuckle Aquifer

iii

56

57

53

59

60

61

52

G4

65

66

67



NTIRODUCTION

Tiits is a final report to the Okiakoma Vater Resources Eoard
1n parvrtial fulfillment of contract Ko. 1-5-71325 througn Oklahoma
State University and the Geology Department,

A hydrogeologic analysis of Cowanche County souvth of the
Wichite HNountains, and including small portions of Cotton,
Stevens, and Tillman Counties was conducted to estimate grouvad-
wvater reserves capable of yielding adequate quality ground-water
to supplement municipal and rural water district supplies within
tolerable l1imits of nitrate and fluoride., Average well yields
were determined and a sumwary of available ground water was
prepareasd.,

Stucies by Stone (1981) and Green and Al-Shaieb (1981) have
been made to assess the fluoride probiex found in ground-water
supplies in Comanche County and to identify alternative solutions
te this problem. The priwmary conclusion frow these reports was
to utilize local ground-and surface-wvater supplies. Feasible
ground-water resources include the alluvium and shalilow portions
of the Post Oeck Aquifer. Ground water from the deeper Arbuckle
Aquifer might be mixed with other sources in order to reduce the
flucride concentration, Havens (1983) ceonfirmed the findiags of
Stone (1931} and Green and Al-Shaieb stating that little of the
deep ground water is consumed by humans due to the high fluoride
content.

Tne larger study area contains 1,440 square wmiles, wmostly in
Comanche County (Figure 1). Primary focus was restricted to the
area south of the Wichita Hountains, an area of approximately 936
square miles. The Wichitaz lMountains toc the rnorth rise some 500
feet above the adjacent study area. Principal drainage is toward
tne soutn to tne Red River by West Cachne Creek, East Cache Creek,
and Big 3Beaver Creek, Analysis was directed to the three
aquifers found to be present within this latter area. These are
the alluvium deposits along major creeks, the Post Oak Aquifer,
end the Arbuckle Agquifer,

Data from the analysis will serve as input to a numerical
model of the ground-water bnydraulics in the Post Oak Aquifer to

be described by Greeley (1985).
GECLOGY

The geology in the study area consists of Cewbrian izneous
rocks in the Wichitz lioumtains, Ordovician ané Cambrian limestone
and dolomites adjacent tae the mountains, and Permian red bed
conslomerates, sandstones, and shales on the pilains (Figure 2).
The Lower Perwmian Post Geck Conglomerate, Lenunessey Shale, and
Garter Sandstone lie on ine flaunks of the Wichits ountalns. The
itiddle Permian Ll Reno Croup of sandstones aud shazles and the
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Upper Permian Yaitenorse Group of sandstones and gypsum occur in
tihe northeastern cormer of the county (Havens, 1977). Vithin the
creek valleys are Quaternary alluvial deposits of sand, gravel,
and clay.

Vorth-south cross-sections A-A' (Figure 3) and east-west
cross-sections B-B' (Figure 4) aad C-C' (Figure 5) show
scitematically the relationship of the formations in the
subsurface. The Wichita Hountains are a block of igneous rocks
bounded by steep faults. Overlying the igneous rocks are the
Arbuckle Group of limestones and dolomites., These dip in the
direction of the Amadarkoe Basin in the north and toward the
¥arietta Basin in the south. Overlying the Artuckle Group in the
north are the Perwmian Hennessey Shale, Garber Sandstone, and E1
Reno and %Yhitehorse Groups. The Permian Post Cak Conglomerate,
Hennessey Shale, and Garber Sandstone 1lie on the Arbuckle to the
south of the Wichita Hountains. These Permian formations are
undifferentiable in the subsurface.

SOILS

Distinctive soils have developed on the geclogical
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.
Cn flood plains is found the Port-Zevala-Lela association, which
covers 76,300 acres, or 117 of the county. These soils are fine
sandy limey clay loams (Mobley and Brinlee, 1967).

CLIMATE

Comanche County has a dry, subhumid, temperate, continental
climate Yobley and Brinlee, 1967}. The average daily
temperature 1s 36°F in January and 84°F in July (Pettyjohn and
others, 1983), The mean annual precipitation is 29.18 inches
(Figure 6) as determined from records for Lawtorn (HNational
Oceanic and Atmospheric Administration, 19%52-1981). Honthily
precilpitation is greatest in May with an average of 5,43 inches
and is lowest in December {1.22 inches) and January (l.04 inches)
(Figure 7)., The high summer temperatures and low rainfall leads
to an average annual evapotranspiration of 26 inches (Pettyjohn
and others, 1983).

HETHODOLOGY

DPata were obtalned from drillers' logs, field measurements,
and previousliy published reports {(Havens, 1977 and 1983; Uranium
Resource Evaluation Project, 1978)., The extent, thickness,
saturated tnickness, permeability, transmissivity, and yield of
the agquilfers inm the study area were derivea from these data.
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. . . . .
Well data were assigned to an aquifer accerding to location
on the geologic map or soill survey and the well depth. The

thickness of alluvium was determined from lithologic well 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 laund surface elevation and
the elevation of the top of the Arbuckle Aquifer. These
elevations were obtained from Havens (1983, Plate 1). The
saturated thickness is denoted as the difference between well
depth and static water level., The thickness of the Arbuckle
Group 1s based on data from ¥cDaniel (1959). Because the
Arbuckle Aquifer is confined, its effective thickness was defined
as the average well penetration inte 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)., Fach layer inm a well log was
assigned & permeability value ccrresponding 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 omly the alluvium
and the Post Cak Aquifer.

Another approach for obtaining transmissivities, used here
for these aquifers, is from pumping test data. The well yield
per foot of drawdown 1s the specific czpacity. Waltonm (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 obtaired from Havens
(1983), Stone (1981), Hounslow and Dack (1985a and b} and the
U.5. Geological Survey's Water Data Storage and Retrieval System
(HATSTORE). Drilling costs used in this report are based on
current estimates by drillers and range from $5/ft. to S1li/ft.
and average $7/ft.

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

AGUIFER CHARACTERISTICS
ALLUVIUM
Alluvium consists of the sands, gravels, and clays within
creek valleys and comprises an unconfined aquifer {(Figure 10).

Terrace deposits are not coisidered in this report and are not
shown,

10
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UYell-log ¢dzta and the grain-size envelope (Figure &)
indicate an average perweability of 590 zpd/ftc, The averaze
saturated interval 1is 16 ft., and the average transmissivity 1is
15,840 gpd/fts The specific yield was assumed to be two percent,
a low wvalue which would lead to anr uanderestimation of the
expected yield andg a2 miniwmum figure to ve used for water
sanagzement purposes. The average well radius is 0.34 ft. (4.1
in.), znd the average pumping duration is 1,200 min. (20 hrs.).
The expected well yield is 77 gpm.

Where well-log data were urnavailable, the thickness of
alluvium was assumed to equal the well depth, Along East Otter
Creek, Sandy Creek, Post Oak Creek, upper West Cache Creek, and
3lue Beaver Creek the alluvium averages 30 feet in thickness,
while along East Cache (Creek, Dig Beaver Creek, and the southern
part of UVest Cache Creek the alluvium averages 40 feet 1in
thickness (Figure 10). The approximate costs of drilling a
production well are $210 in the 30~foot-thick zone and $23¢ in
the 40-foot-thick zone,

POST OAK AQUIFER

The unconfined Post Cak Aquifer consists of conglomerates,
sandstones, and shales eroded from the Wichita lcuntains. Havens
(1977 and 1983) considered the Post 0Qak Conglomerate, iennessey
Shale, and Garber Sandstone as separate aquifers because they can
be mapped 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
simillar hydraulic characteristics, The Wichita Formation and
Cscar Formatlion are names sowmetimes applied to the deeper parts
of the aquifer.

The total thickness of the Post Oak Aquifer is the
difference between land surface elevation and the elevation of
the top of the Arbuckle Group given by Havens (1983, Plate 1),
Figure 11 shows the eaverage 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 was
assumed to be eqgqual to the average well depth of 50 feet.

In a study of the Post Qak Conglowmerate, Stone {(1977) wmapped
patterns of grain sizes and found evidence for ancient stream
channels in areas of coarse mean grain size. These areas would
have higher well yield created by higher permeability. Figure 13
is 2 map modified from Stome (1977) of the probable locations of
these channels and their associatec mean grain sizes of 0.5 and
{.7 mm. DBased on this map the Post Oak Aquifer was separated
into two =zones of different permeability (Figure 14),
transmissivity (Figure 15}, and expected yield (Figures 16 and
17). Ffrow well-log data and the grain~size envelope (Figure 8)
the perweabpility within the coarse~-grained zone is found tc be
300 gallons per day per square foot (gpd/ft<). The average
saturated interval for wells into the Post Caw 1is 20 feet; the
trzcmsalssivity is, therefore, 16,000 zsallons per day per foot

14



€1

B —— bk
R1EW R14W R13W At2w R1twW Riow Row |
——— — = — m—— — — — — ——— —— r— — — —
' EXPLANATION
TONES: I
1-—=1-500
I 2—=50t1- 1000 |
I3—= 100t - 1500
4 1501 - 2000
I -+ 2000 I
| 2 a 4 [ (] 4 ] 0 10 " 12 72 14
! —_—
I 1 1 1 1 ] 1 1 1 2 3 3 2 ]
- i
| 1 1 1 1 ' ' 1 2 2 2 3 2 |
I L ]
] ) 2 2 2 2 2 1 a ] 3 3 ,
t
|
| 2 2 2 3 3 s 3 3 4 4 4 s I
IR T : —
2 2 3 3 4 4 4 4 4 s [ ul
i | |
2 2 a3 3 4 rc ry s s 5 5 s
e —f —
[
2 I Y ] 4 4 4 s 5 s 1 s

THICKNESS OF POST DAK
Figure 11.

T2N

TIiN

Tis

T2%



I

szl

Source: Havens {1983)

NPL NEL _ NZL NLL SiL
4: - - - 7 T
| : |
ot e s e i e oy —
z g s
z
_ ” g mmm; B
s BN /\
wﬁ mm x \ r © ﬁwll °
= 4 S | 3
n~ o s oooao_/o /
1 B\, A\ Ne |
— e
_ T3 NN IE Ty
z o, w
: | % /m N 3
_ & ¥ S _O|
_ =

R12W

£

’
A3

Hill
N T

Al3wW

Nid4w

.1

Risw

LEGEND

s
]
3
w

=
-
b4
=
[=]
[+
W
X
14
z
L
=
-3
[+

)
g
o

s

WELL LOCATION
CONTOUR tNTERVAL

16

My §

™

THICKNESS OF POST OAK AQUIFER

Figure 12.



LT

- L - E
I R13W R12W RiIW Ri10W RBW
LEGEND —_———— Y = — —— — ——J'
FLETCHER
COMANCHE COUNTY <~ —— (]

PRGEARLE AREAS QF
LARGE MEAN SAAIN -_———
BI2E

E, ELGIN

o.amm = MEDIJW BAND

=]
STEALING

Q.tmm % COARSE BAND

T4N

T3N

TZN

TIN

T1S

L LY
L s GEIONlllo"
\ O FAxoON “ce’ S -
N -————_—— —
cuatt1nooaa ]
A e
e o =
L] MILE . l
. CXITI=ITIO .
WALTERS
o [
oo LY
(L)

T2%5

WOVURGE; STONE, 1877

CHANNEL DEPOSITS WITHIN POST OAK AQUIFER
Figure 13.



Al2w

Ri4w

RI1GW

R10W Row

RUIW

R13w

NPl NEL NZ1 NLL shl SZL

STEALING

(e ]

FLETCHER

[
| !

l
\

&

L]

g \
N
QERDHIM
WALTERS

'4’@:
/N
AN

3|
A

_.-._.l...ll

. -

WA 2 /.
.,
-
2
K4
A
N
=
K%
g |
- (SR
‘ﬂ:. CACHE
cuntr1¥oonn
—_—

LEGEND

(

INDIAHOMA

— 2

:Pwm L
2y g i
mm..n...n i

z 7 3 3

1844

18

PERMEABILITY OF THE POST OAK AQUIFER

Figure 14.



|
"“'ll

STEALING

_ NZL

NL Ll

STl

RawW

Riow

FLETCHER

(WP

[, ELQIN

R11w

=

o

37

WALTERS

Ri12w

LAW
(

Riaw

td
L
,,l.-
Ny
P by
1
NN
[
FINYN
W
P
= t
— 7)

AN

s ke — — f—— Sy e——E——— aim brm ——

AN

ﬂE CACHE

Ri15W

PRty
2 R S
'
H
| o,
P 514z
g2
o & 8 3
2 z W we
w3 Sa
o 2 z
[+] =
w 22
] - m -]
U w3 £3
T £33 %
s M Q
FERE:
QO m 29

ot ot g ]

T
TS
AN

IHDIAHOMA

19

|
!
I

MILE

L1

TRANSMISSIVITY OF THE POST 0AK AQUIFER

Figure 15.



0¢

LEGEND

. COMANCHE COUNTY — ——

FAIRLT
mtjmmmf
o gow A—
30gom OUTRIOE OF CONTOUR B
ASS
N
MUE
'—'T'"-F—-_‘-‘
[ 5
KM
ey
] 5

&

EXPECTED YIELD OF POST OAK AQUIFER
Figure 16 '

- - — —_ prem VST P - —
R13W R12W R1tw R10OW ReW l
'.u',‘}’l’
AP ; FLETCHNER
A A TVt 1
rl’: Al :}.l‘l{l: :}.1: 5 (] r
NUSNINT NV i
AN -
NN
[, ELGIN
(S ”X‘
S
=% ._1\111:. -
P STEMLING x
] f;_l| -7 ®
A Al o
y R Lt * [—Y
AP % (SRR
[} g G - oo \ l
\' N - \ ,'
I
£ :
z
b
4 CACHE gy LAWTO
INDIAROMA | N [ \ (
‘ | N \ .
-
3 z
<
-
\ 31
| .I 3 . ‘ I
=) ,
GERCNINO
|
. FAXON — il
r -
CHATTANOCOGA |
) — '
e e
' e
WALTERS -



TC

nisw niaw |

EXHLAMATION

-lhks with highoe tham wrpected
ywid of 110 gom

—
I l:]ﬂm"mﬁ ‘Q:tul yeld
|

EXPECTED YIELD OF THE POST DAK AGRUFER

Figure 17,

T4N

TaIN

Ta2N

TiN

T18

125



(gpa/ft).

In agddition to wean grain size as evidence of the existence
of channels, total sand thickness also indicates channel areas.
Figsure 18 is a map of the total thickness of sand, gravel, and
conglomerate layers within 50 feet of the surface. Ten-foot
tnick zones are identified through Inciaboma, Caches, and Lawton,
with a possible channel east of Lawton.

The maximum theoretical drawdown 1s 70 percent of the
saturated interval above a five-foot well screen {(Johnson, 1966,
Pe 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 sediments similar to those of the Post
Gak Aquifer (Johnson, 1267), The average well radius is 0.35 £t
(4 1/4 in.), and the average pumping duration is 660 minutes (11
hours). VWalton's equatiom (1970, p. 315) provides a nominal
average well yield of 110 gallons per minute {gpm) in the coarse-
crained zone.

In the finer-grained zote the permeability is 200 gpd/ft2,
the transmissivity is 4,000 gpd/ft, and the expected well yield
is 30 zpu.

Information from water-well drillers in the region indicates
an average drilling cost of $7.00 per foot. It would, therefore,
cost $3530 to drill to the average well depth of 50 feet in the
Fost Oak,

ARZUCKLE GROUP AQUIFER

South of the Wichita !ountains, the confined Arbuckle Group
Aguifer lies below the Post QOak Aquifer and consists of
limestones and deolomites, It is absent 1in the subsurface ncrth
of Indianoma and Cache and southeast of Faxon and Chattanooga
(cDaniel, 1959, Plate I) (Figures 19 and 20). Outcrops vccur
rorthwest of Lawvton (Figure 2), The Limestone, or Slick, Hills
region, where the Arbuckle Group rops out north of the
mountains, 1s not censidered im this report.

The depth of the Arbuckle Group below land surface, where
the Arbuckle Group is present, is equal to the thickness of the
Post QOak, 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 determining permeability
is not applicable to tinis aquifer because ground waler movement
is through fractures and nct 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 averaze well penetration of 500 feet., The ratio of
transmissivity to the effective thickness is the permeability;
the value for this aquifer is 3.5 gpd/ft? (Figure 22).
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To calculate yield 2 storativity of 0.0€01, a typical value
as listed in Walton (1970, p. 315}, was employed. The average
well radius is 0.28 ft. (3 3/8 in.) and the average pumping
duration is 5000 minutes {30 hours). The maxiamum drawdown was
estimated to be 70 percent of the effective thickness, or 350
feet. The resultinyg expected yield is 270 gpu (Figures 23 and
24). Where the Avrbuckle Group is less than 500 feet thick, the
transmissivity, permeability, and yield are considered to be less
than the calculated values,

In order to more realistically represent the drilling costs
for the Arbuckle Group Aquifer, five-hundred feet were added to
the Post Qak thickness, Estimated drilling costs range from
$5,250 where this formation is close to the surface to over
$17,500 where it lies more deeply buried.

GROUBD AND SURFACE WATER RELATIONSHIP

ilost of the streams in Comanche County flow only during the
wet seascn, In dry months the water table in the creek valleys
lies below the bottom of the streawm 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 flow {(baseflow). Municipal effluent from
Lawten and discharge from Lake Lawtonka and Lake Ellsworth
sustain the flow of East Cache Creek (Hauth and otkers, 1984).

The surface-water quaility during periods of low flow 1is
similar to the regional ground-water quality. Data for Blue
Beaver Creek {(Hauth and others, 1984) suow a background fluoride
level of 0.3 to 0.5 milligrams per liter (mg/l) and & background
nitrate level of 0,10 wmg/l or less.

FLUORIDE AND HITRATE PROBLEMS

The Oklahoma water gquality standards (Cklahoma WVater
Rescurces board, 1982) allow the maximum level of fluoride to be
1.6 milligrams per liter (mg/l) at 90°F and the level of nitrate
(K0,~H)} to be 10.0 mz/l. Ground-water guality data for the Post
Cak  Aquifer and alluvium from Hounslow and Eack (1985a and b),
Stone (1981) and WATSTORE indicate areas where these levels are
probably exceeded (Figures 25,26,27 and 28). The complex
secchemistry of the occurrence of fluoride 1in tkhe Post OQak
(Hounslow and Back, 1985a) implies that wells within a node could
exhibit very aifferent amcunts of fluvoride. A high nitrate level
might be accompanied by pesticide contanination (Houansiow and
Back, 1985b). For these reascns wells 1in those areas with
favorable yield and drilling costs but with problematic water
guality should be examined more extensively for contaminaticn
before development of ground-water supplies. Adverse gquality in
nodes contalning both slluvium and tone Post Oak Aguifer was

27
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assuned to affect both agquifers.

Accocrding to data frow Tavens (19383) the fluoride level in
the Arbuckle Aquifer ranges from 1.6 to 17.0 mg/l; the nitrate
comtent is 0 to &.3 mg/l. Houmslow and Back (1985a) claim that
the presumea nigh fluoride level in the Arbucsle 1s due to poor
well construction which allows contamination from high-fluoride
Post Cak waters.
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COUNCLUSIOLS

The three principal aquifers in Comanche County are thae
alluvium in creek valleys, the Post Oakx Aquifer, and the Arbuckle
Group aAquifer,

The Post 0Oak Aquifer consists of conglowmerates, sandstones,
and shales, This aquifer was separated into two 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/ftz, a transwmissivity of
16,000 gpd/ft, and would yield 110 ypm (Figure 29)., The finer-
grained zome has a permeability of 200 gpd/ftz, a transmissivity
of 4,000 gpd/ft, and would yield 30 gpum.

Alluviuxz consists of sands, gravels, and clays within creek
valleys., The average permeability is 9%0 gpd/ftz. the average
transmissivity is 15,840 gpd/ft, and the average yield is 77 gpnmn
(Figure 30).

The Arbuckle Group Aquifer lies below the Post Ozk Aquifer
and comnsists of limestones and dolomites. Its average
permeability is 3.5 gpd/ftz, with an average transmissivity of
1,720 gpd/ft, and the average well yield is 270 zpm (Figure 31).

Fizure 32 is a map of the rural water distribution systems
serving Comanche County showing the trunk lines longer tharn two
miles. The smaller towns are supplied by their city well
systems, exXcepf for Indiahoma which is temporarily on thke CKT
System., Comanche County Rural Water District (RWD) 3, Cotton
County RWD 2, and the Geronimo Public Water Authority (PWA) may
be coanected.

High £luoride levels in the Post Oak and alluvium occur in
the west central portion of the study area between Indiahoma and
Lawton (Figure 33), High nitrate levels occur just north of
Indianoma, southeast of Cache, and north of Lawton (Figure 34},
In the Arbuckle Aquifer the fluoride content ranges from 1.6 to
17 mg/l, and the nitrate level ranges from 0 to 8.3 mg/l1l.

Table 1 summarizes the aquifer data for each nine-sgquare-
mile node of the reference grid; the nodes are grouped by their
location in the rural water districts. Data for those nodes with
the most favoravle yield, drillimg costs, and ground-water
quality have been summartized in Tables 2 through 16. These are
pased on ¢gata presented above in Figures 29 through 34. A town
or rural water district requiring additional groumd-water
supplies can compare areas of potential ground-water development
which are close to the trunk lines of the water distribution
systems. Within these favorable nodes the drilling costs,
yields, and water quality of the aquifers can be compared.
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CKT SYSTEM: HIGH YIEZELD WODRES, ALLUVIUM AQUIFLR

FIGHER THAN RECOMHEKDED LIMITS

HODE EXPECTED AVERAGE FLUQRIDE, ng/l HITRATE, wg/l LSTINATED COST
YIELD, gpm AT $7.00/¢ft.
Al 77 >1.6 >10 $210.00
Al 77 >1.6 210.00
45 77 >1.0 210.00
Bl 77 >1 .6 >10 210.00
B2 77 >1.6 >10 210.00
33 77 >1.6 210.00
R 77 >1.6 >14Q 210.00
55 77 >1.6 >10 210.00
cl 77 >1.6 210.00
c?2 77 >1.6 210.00
C3 77 >1.6 21C.00
C5 77 >1 .6 210.00
D2 77 >1.6 210.00
D4 77 >1.6 210.00
DS 77 >1.6 210.00
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KT SYSTENU:

TABLE 3

HIGH YIELD KQDES,

POST OAK AQUIFER

EIGHER THAN RECOMHEEDE
wCDE LAPECTED FLUORIDE, mg/1 BITRATE, ESTIUATED COST AT
YIZLD, $7.00/£ft., AVG. OF
50 ft.
Al 110 >10 $350,00
A2 110 >10 350.00
A3 110 >l.6 >10 350.00
A4 110 >1.6 350.00
A5 110 >1.6 350.00
AG 1190 >1.6 350.00
Bl 110 >1.6 >10 350.00
3 110 >1.6 >10 350.00
B4 110 >1.6 >10 350,00
B5 110 >1.6 >10 350.00
B6 110 >1.6 350.00
Cc3 110 >1.6 350.00
Cé 110 >1.6 350.00
D3 110 >1.6 350.00
D4 110 >1.6 350.00
D5 110 >1.6 350.C0
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TABLE 4
CKT SYSTEM: BHIGH YIELD NODES, ARBUCKLE AQUIFER

HIGER THAN RECOIMENDED LIMITS*
NODE EXPECTED AVERAGE FLUORIDE, mg/l NITRATE, mg/l ESTIMATED COST

YIELD, gpm AT $7.00/f¢t.
A6 >270 >1.6 $5,250.00
B5 >270 >1.6 55250.00
36 >270 >l.6 5,250.00
C4 >270 >1.6 5,250.00
c5 >270 >1.6 54250.,00
D3 >270 >1.6 5,250.00
D4 >270 >1.6 5+250.00

* SQURCE OF DATA: HAVENS, 1983
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TABLE 5
GEROINIHO P.W.A.: HIGH YIELD NODES, ALLUVIUK AQUIFER

HIGHER THAX RECOMMENDED LIMITS
LOGDE EXPECTED AVERAGE FLUOQRIDE, mg/l KITRATE, ug/l ESTIMATED COST

YIELD, gpm AT $7.00/f¢t.
C5 77 >1.6 $210.C0
£6 77 280.00
E7 77 280,00
E9 77 230,00
E10 77 280.00
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TABLE 6
GERONIMO PWA: HIGH YIELD NODES, POST OAK AQUIFER

HIGHER THAN RECOQNMENDED LIMITS
HCDE EXPECTED AVERAGE FLUORIDE, mg/l NITRATE, mg/l ESTIMATED COST AT

YIELD, gpum $7.00/ft., AVERAGE
OF 50 ft.
Cé 110 >1.6 $350.00
D6 110 >1 .6 350.00
T 110 350.00
E 110 350.00
ELO 110 350.00
350.00
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TABLE 7
GEROKIMO P.W.,A.: HIGH YIELD NODES, ARBUCKLE AQUIFER

EIGHER THAN RECOMHEVDED LIWITS#*
NODE GEZXPECTED AVERAGE FLUORIDE, mg/l HITRATE, mg/l ESTIMATED COST

YIELD, gpm AT $7.00/f¢c.
€5 >270 >l .6 $8,750.00
c6 >270 >1.6 8,750.00
D6 >270 >1,.6 12,250.00
D7 >270 >1 .6 12,250.00
E7 >270 >1.6 16 ,750.00
E8 >270 >1.6 16,750,00
E9 >270 >1.6 16 ,750.00
E10 >270 >} .6 16,750.00

*SQURCE OF DATA; HAVENS, 1983
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TABLE 8
COMANCHE CO. RWD 3: HIGH YIELD NODES, ALLUVIUM AQUIFER

BIGLHER THAR RECOMMENDED LIMITS
NODE EXPECTED AVERAGE FLUCRIDE, mg/l HITRATE, mg/l ESTIWATED COST

YIELD, gpm AT $7.00/f¢t.
B12 77 $280.00
B13 717 280.00
cl2 77 280.00
ci3 77 (ALL NODES WERE BELGVW 280,00
D13 77 RECOMMNENDED LIKITS) 280,00
E13 77 280.00
F12 77 2806.00
F13 77 280.00
G13 77 250.00

49



TABLE 9
COHANCHE CO. RWD 3: HIGH YIELD HODES, P0OST OAK ACQUIFER

HIGHER THANK RECOMIIENDED LIMITS
KODE EXPECTED AVERAGE FLUCRIDE, mg/l FITRATE, mg/1 ESTINATED COST

YIELD, gpm AT $7.00/f¢t.

AVERAGE OF
50 ft.

Bll 110 $350.00

cll 110 350.00

cl2 110 {ALL NODES WERE BELOW 350.00

Dli 110 RECOMMENDED LIMITS) 350.00

D12 110 350.00

Ell 110 3530.00
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TABLE 10
COMANCEE CO. RWD 3: HIGE YIELD NODES, ARBUCKLLE AQUIFER

HIGHER THAN RECOMMENDED LIHITS»*

0ODE EXPECTED AVERAGE FLUORIDE, mg/l NMITRATZ, mg/l ESTIMATED COST
YIELD, gpm AT $7.00/f¢t.
511 >270 >1.6 $8,75C.00
512 >270 >l.6 12,250.00
cll >270 >1.6 12,250.00
clz >270 >1.6 12,250.00
D1l >270 >1.6 16,750.00
bl2 »>270 >1.6 16,750.00
Dl3 >270 >1.6 17,500.00
Ell >2790 >1.6 17.500.00
El2 >270 >1.6 17 ,500.00
E13 >270 >,16 17,500.00
Fl2 >270 >l .6 17.,500.00
Fl3 >270 1.6 17 ,500.00
Giz >270 >1.6 17,500.00
Gl3 >270 >1.6 17,500.00

*SOURCE OF DATA: HAVEN, 1983
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TABLE 11

COTTOL COUNTY RWD 2: HIGH YIELD XODES, ALLUVIUK AQUIFER

EIGHER THAN RECOMMENDED LIMITS
FODES ELPECTED AVERAGE FLUORIDE, mg/l BITRATE, wme/l EXPLCTED COST

YIELD, gpm AT $7.00/f¢c.
F>5 77 $280.00
F6 77 280.00
F7 77 (ALL NODES WERE B3ELOW 23C.00
rg 77 RECOMEENDED LIHITS) 280.0¢0
F10 17 280.00
G7 77 280.00
G3 77 280.00
Glo 77 280.0¢
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TADLE 12

COTTCIl COUSTY RWD 2: HKIGH YIELD HODES, POST OAK AQUITER
HIGLER THAN RECOMMENDED LINITS
[CDE EXPECTED AVERAGE FLUCLIDE, mg/l RITRATE, mz/1 EXPECTED COST
YIZLD, gpa AT $7.00/f¢t.

AVERAGE OF
50 ft.

F5 1190 $350.00

G7 11¢ (ALL FODLS WERE BELOV 350.00

G3 110 RECOKMENDED LIINITS) 350.00

G9 1190 350.00

Gl0o 110 350.00

Gll 110 350.00
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TABLE 13
COTTOIl COUNTY RWD 2: HIGH YIELD NODES, ARBUCKLE AQUIFER

HIGUER THAN RECOMMENDED LINITS*
HODE EXZPECTED AVERAGE FLUCORIDE, mng/l NITRATE, mg/l EXPECTED COST

YIELD, zpm AT $7.0C/ft.
r3 >270 >1,56 $8,750.00
F4& »270Q >1 .6 12,250.00
F7 >270 >1.6 16 ,750,00
F8 >270 >1.6 16,750.00
F9 »270 >1.6 17.560.00
Fl0 >270 >1.6 17,500.00
Fll >270 >1.6 17 ,500.,00
G3 >270 >1.6 8+750.,00
G4 »270 >1.6 12,250,00
G3 >270 >1.6 16,750.00
Go >270 >1.6 17 ,500.00
G10 >270 >1.6 17,300.00
Gll >270 >1.6 17,500.,00

*$SQURCE OF DATA: HAVENS, 1983
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LIOL~RURAL WATER DISTRICT:

TABLE 14

HIGULER THAN RECONMENDED LIHITS

HIGH YIELD INOLES,

ALLUVIUM AQUIFER

NODE EXPECTED AVERAGE FLUORIDE, mg/l NITRATE, mg/1 EXPECTED COST
YIELD, zpm AT $7.00 ft.
413 77 $280.00
A9 77 >10 280,00
Al2 77 230.00
Al4 77 2380.00
B7 77 >1.6 >10 280.00
B8 77 >10 280.09
39 77 >10 280.00
c38 77 280.00
C9o 77 250.00
clo 77 280.00
D9 77 280.00
D14 717 280,00
E4 77 >l.6 280.00
£5 77 280.00
El4 77 230.00
Fla 77 230.00
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TABLE 15
HON-RURAL VATER DISTRICT: HIGH YIELD KODES, POST OAK AQUIFER

HIGHER THAN RECONHMENDED LIMITS
0DE EXPECTED AVERAGE FLUORIDE, mg/l HITRATE, wmg/l EZIXPECTED COST

YIELD, gpm AT $7.0C/f¢t.
AVERAGE OF
50 ft.
A7 110 >1.6 >10 $350.,00
A8 110 >10 350.00
A9 110 >10 350.00
Al0 110 >10 350.00
All 110 350,00
B7 110 >1.6 >10 350.00
B8 110 >10 350.00
B9 1190 >10 350.00
310 110 350.00
cs 110 350.00
co 110 350.00
b9 110 350.00
E 110 >1.6 350,00
£5 110 350.00
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TABLE 16
NON-RURAL WATER DESTRICT: HIGH YIELD WODES, ARBUCKLE AQUIFER

HIGHEER THAN RECOHMHENDED LIHNITS*
JODE EXPECTED AVERAGE FLUORIDE, mg/l JITRATE, mg/l EXPECTED COST

YIELD, gpm AT $7.00/f¢t.
A7 >270 >1.6 $5,250.00
CE >270 >1.6 8+750.00
c9 >270 >1.6 8,750.00
Ccl0 >270 >1.6 12,250.00
Clé >270 >1.6 12,250,.00
hE >270 >1.6 12,250.0¢0
D9 >270 >1.6 12,250.00
D1¢ >270 >1.6 16,750.00
D14 >270 >1.6 16,750.00
E3 >270 >1.6 B,750.00
E4 >270 >1.6 12,250.00
14 >270 >1.6 16,750.00
Flé4 >270 >1.6 16 ,750.00
Glé4 >270 >1.6 16,750.00

*SOURCE OF DATA: [IHAVENS, 1983
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Distribution of Well Yields in
Arbuckle Group Aquifer
Based on Lineament
Analysis
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The distribution of estimated well yieia of the Ardbuckle
Greoup Aguilfer was deterwmined by analysis of zerial prptozraphs.
Two approaches were used: one wag to assume that limeawents 1in
the Post Cak and Permian sediments above the Arbuckle CGroup
indicate fracture patterns in the underlying Arbucklie Aquirfer.
These lineaments consist of straight segments of stream valleys,
segments of several streai valleys that are in alignwent with one
another, or non-cultivated vegetation in linear patterns. The
otner approach involved projection oi fracture patterns occurring
in the Wichita iouwntains into the Arbuckle Group to the south.
Fractures in the Wichita Granite Group were stucdied by Gilbert
(1982). A lineament analysis and corresgonding geological
interpretation of Cowmanche County is discussed by Donovan and
others {19846},

BEcth approacnes Tequired the measureument of lengths and
orientations of lineaments on a wosalc of zerial photograghs at a
scale of one to 40,000, or one inch equals approximately one wmile
(U.5. Department of Agriculture, 1931). A map of the major
lineaments in the Wichita lMountains and in the Permian sediments
to the south is shown in Figure l., Fracture lineaments in the
Wichita HMountains range in length from 0.2 to 6.2 wmiles and iave
three doninant orientations: 6C° to 90° west of north, 10° west
tc 10° east of north, and 809 to 90° ezst of north (Fig. 2).
Lineaments of stream valleys and vegetation, most of which are
south of the mountains, range in length from 0.3 to 11.4 miles
vitin two dominant orientations: 209 to 30° west of north and
zero to 10° east of north (Fig. 3). ‘Most of these lineaments are
cetween one and twe miles long.

The fracture lineaments can be sSeparated 1nteoc twe sets
according to their time of formation (see Figs. 2 and 3)., The
cast~west trending fracture lineaments formed earlier than tae
north-south trending set as shown by the lack of an east-west
trend in the lineaments of the Post QOezk Cenglomerate and Permilarn
sediments., Fresumavly both sets occur 1n the Ardbuckle Group;
however, assuming that the north-south set forwmed after
deposition of the Post 0ak Conglemerzste, ocnly the north-south set
propagated upward through the Post Csak.

Assuming that permeability and well yieid are controlled by
tne density of fractures, the amount of fracturing was studied Dy
using two approaches. It was assiwmed in the first approach that
2 lineament might indicate only part of @ fracture and that an
area with many intersecting fractures would have a sreatex
permeadbility. Therefore, the lineaments were extended across the
area on am overlay mwmap using both the east-west and north-south
sets of lineaments; it 1s assumed that both sets occur 1in the
Arbuckle Group. The schewmatic map shoewn in Flgure &4 represents
the extended lineaments, zand the number of lineawment
intersections per node is shown in Figure 5. The bottow row 1is
beyond the area o0:i the overlay map. In orcer to estabilsh =z
cermeability value for eacn node, Lhe average permeabllity of the
Arbucikle Acuifer was determined frow the well data. & value of
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3.5 gpd/ftz was cemputed (see XKent and otherss 19388, p. 33) acnd
multiplied ©y tne ratioc of the nuwber of intersections ir 2 node
to the mean nunber oI intersections per node. An example of this
calculation is shown in Figure 63 a map of the calculated
permeability values for each node 1s shown 1n Figure 7, Lell
yielc values were calculated for each node using a formula by
Valton (1970, 3. 315) which assumes an average effective aquifer
thickness of 500 feety, a well radius of 0.28 feets, a pumping
period of 5000 minutes, a drawvdown of 350 feet, and a storativity
of 0.C001. These values are derived from drillers' logs and
pumping test data from this area. A sample well yield
calculation is also shown in Figure 5; & map of the calculated

yield values fior each nede is shown 1o Figure §.

It was assumed 1n the second spproach that the total length
of fractures 1in an area controls the permeszbility. Oniy the
lineaments in the Post Cak and Permiaan sediments were considered
because tie Wichita !Mountain fracture lineaments are outsice the
study area, and the lineaments in the Fost QOali indicate fracture
patterns in the Arobuckle Group. The sum of lineament lengths per
node is shown in Figure 9. The computation of the permeability
for the nocde 1s similar to tne procedure used 1in the first
method., The permeability is the produect of the average
permeability as determined fromw well data and the ratio of the
total lineament length in a2 node to the average total length per
node, Well yield again was determined by Waltoan's formula,
Sample calculations of permeability and well yield for a rnode are
saown in Figure 10, Figure 11l is a map of the permeabilities for
eacn noce, and Figure 12 is a map of the well yield values for
each node. HNodes without values are beyond the area of either
the aerial photographs or the overlay wmap.

Well yield values derived from the two approaches (Figse &
and 12) were also averaged using an arithmetic mean and are shown
in Figure 13. These values were compared with thae average
czclculated yield according to production well test data shown in
Tijure 14 (Fig. 24 from Kent and others, 1686). The locations
from bota maps (Figs. 13 znd 14) whichi correspond to a well yield
cf more tnan 270 gpr &re plotted and shcwn on the map in Figure
15.

Tne methods of analysis usec for the two approaches have
been applied in conjunction with well yield cdata (Xent and
others, 1¢36) to estimate the distribution oi relatives, average=
expected well yields in the Arbuckile Group Aquifer as shoun in
FTigures 13 and 15. These methods qualitatively locate areas of
relatively higher well yields. The determination of =zctual
aguifer well yields quantitgtively for any cmne location requires
actual production well test data for twnat location,
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R15W R14W ! R13W R12W R11w Ri1OW AW
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ARBUCKLE AQUIFER: NUMBER OF LINEAMENT
INTERSECTIONS PER NODE ., n
mean h=58
[_ 1 2 3 4 s (] 7 8 0 10 " 12 13 14
A l 1186 80 125 | 240 | 187 163 | 103 38 88 22 82 81 30 [7 8
B , 101 986 08 121 | 103 | 138 09 48 a4 18 35 34 40 54
c I as 106 81 126 | 64 75 73 3s 18 12 a8 17 56 55
D | 50 ar 115 | 120 74 26 97 16 48 42 16 52 28 21
T -
E 19 &0 84 8s 79 55 44 8 40 53 3z 31 22 27
pr—
F 13 39 a7 50 | 106 | 67 rl'l | 43 [ 32 | 16 | 12 24 33 23
e
a [
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Figure 6

SAMPLE CALCULATIONS OF PERMEABILITY AWD YIELD DERIVED FROH
NUMBER OF LINEAMENT INTERSECTIONS FOR HODE B-12

Huwber of lineament intersectionss n, = 34 ; nean n, T, = 58

Mean Peruweability, K, = 3,5 gpd/ft.2

Permeability. K. = Q0 x K = JA x 305 = 2.03 gpd/ft.z
i 58

N—

NODE B-12

Average effective aquifer thickness, b, = 500 fc.,

Average well radius, r , = 0,28 ft,
W
Average pumping period, t, = 5000 win,

Average drawdown, 5, = 350 f¢t.
Storativity, $, = 0.0001
Yield, @, = Kbg
264 log ( } = 65.5
2693 < §

v

= 2,03 €500 (3507 = 165 gpu
264 log (__ 2,03 (500) (3000) ) - 65.5
2693 (0.28)¢ (0.0001)




Ri5w Riaw | R13W Ri2wW R11w R10W Row |
pu ——

ARBUCKLE AQUIFER: PERMEABILITY, K, DERIVED FROM
NUMBER OF LINEAMENT INTERSECTIONS, gpd/ft

1} 2
= x mean K mean K= 3, Fiim
mean n 3.5 god/ft
I 1 2 3 4 5 [ ] 7 8 ] 10 11 12 13 14
! —_—
6.94 4.79 7.48 [ 1472 | 9.39 0.15 6.18 2.15 3.47 1.32 1.91 3.85 1.79 0.48

5.74 | 5.86 7.24 | 6.18 8.26 | 592 | 2.76 | 2.03 | 0.98 208 | 2,03 | 2.3%9 _3.23

6.34 ) 544 | 7.48 | 3.82 4.49 | 437 | 2.09 1.08 | 0.T2 | 2.15 1.02 | 3.35 | 3.29

l 2.99 2.21% 6.88 7.18 4.43 574 5.80 0.96 2.69 2.6¢ 0.98 3.1 1.68 1.26
1.14 | 3.59 562 1 5.00 | 4.73 3.29 2.63 030 | 239 | 3.17 | 1.9 1.85 1.32 l 1.62
0.78 2.33 2.81 3.53 8.34 4.01 :—;'02 . 257 ‘ 1.91 —096 0.72 1.44 .87 1.38
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R15W riaw | Risw R12w R11w RiOW row |
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ARBUCKLE AQUIFER: EXPECTED YIELD, Q, DERIVED
I FROM NUMBER OF LINEAMENT INTERSECTIONS, gpm
| a. yiets = Kbs b=500 1. s=350 .
Kbt

I 264 log ( 769338 ) —65.5 t = 5000 min. g =0.28 ft.

l S = 0.0001

| 2 3 4 s ) 7 s 9 10 11 12 13 14
A | 53t | 373 | 570 | 1005 | 708 | 690 | 474 | 178 | 275 | 110 | 156 | 288 | 147 | 424
B { 465 | 443 | 452 | 559 | 474 { 626 | 456 | 221 { 185 | 816 | 170 | 165 | 192 l257

L

c ! 184 | 487 | 421 | 570 | 902 | 351 | 342 | 170 [ er.e | 821 ] 175 | 86.3 | 266 l 261
D | 239 | 179 | 626 | 548 | 347 | 443 | 448 | 81.6 | 216 | 202 | a1.5 | 248 | 138 | 105

v 4 -4 —
E { 950 | 284 | 434 ['3905 { 369 | 261 | 241 | 323 | 193 | 252 | 156 § 152 | 110 l 134
F | 67.0 | 188 | 225 |y 279 | 487 | 315 l"ss'_' 207 1 166 | 815 | 62.1 ] 120 | 161 ] 115

- F)
[ . _.4,:

G
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R1SW R14W ! R1aw A12w R1IW Riow row |
T — ——
ARBUCKLE AQUIFER: SUM OF LINEAMENT
LENGTHS PER NODE, L, miles
mean L =2.97 miles
| 1 2 3 4 s s 7 ) ) 100 1 12 13 14
A I 490 [4.08 | 315 | 204 [ 5.61 ] 1.97 ] 106 [ 0.67 ] .04 | 0.90 | 1.24 [ 463 | 3.24 ' 0.55
B [ 344 | 207 439 | 780|454 ] 1.156 | 478 | 407 | 277 | 022 | 0.62 ]| 605 | 5.30 , 3.30
€ V347 | 330312 ] 121|769 325 | 283 | 418 | 3.42 | 3.48 | 061 | 281 | 7.08 | 6.28
O | 248 | 330 | 5.20 | 476 | 580 | 4.19 | 3.00 | 1.09 | 642 | 279 | 172 | 0.15 | 2.87 | 3.31
E | 020} 106 023 | 383]465]| 3.04] 3.08 0.77 | 1.33 | 1.89 ] 3.60
F 183 | 0.82 [j0.50 | a.58 [ 3.02 {53, T _F 1.84 | 103
P
Q 0.34 '0‘2 0.15
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Figure 10
SAHPLE CALCULATIONS OF PERMEABILITY AKD YIELD FOR HODE B-12
DERIVED FROM SUM OF LINEAHEKRT LENGTHS
Sum of lineawent lengths, Le = 6,05 miles; wean suw, Z. = 2,97

Mean permeability., K, = 3.5 gpd/f:.2

Permeability, Ky = L. x K = £,09 x 3.5 = 7,13 gpd/ft.2
- 2.97
L

Average effective aquifer thicknesss b, = 500 fc.

Average well radiuse, r = 0.28 ft.

u?
Average pumping period, t, = 5000 min,
Average drawdown, 6, = 350 fr.
Storativity, 8, = 0.0001

Yi.eld. Q.

Kbg

264 log (___&hLT____) - 65,5
2693 ¢“ s
W

% 7,13 (3500) (350) = 545 ypm
264 log { } - 65.5
2693(0.28)<(0.0001)
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ARBUCKLE AQUIFER: PERMEABILITY, K,

| DERIVED FROM SUM OF LINEAMENT LENGTHS, gpd/it?

I K= r?feTLn—E X mean K mean L = 2.97 miles mean K= 3.5 opdlﬂ?

I 1 2 a 4 s o 4 [ 9 10 1" 12 13 14
A l 677 | 481 ] 3.71 | 3.11 | 681 ]| 232 ] 2.31 ] 0.79 | 464 | 1.17 | 148 | 5.48 [ 3.82 | 0.65
8 I 4.05 | 244 ] 517 | 912 | 6358 ] 138 | 580 ] 5.74 | 3.26 J0.20 | 0.73 ] r.13 | 6.25 .99
C l 4.09 | 3.99 | 368 | 1.43 ] 9.06 ] 3.81 ] 3.45 ) 4.93 | 403} 4.10 ) 0.72 ]| 3.31 ]| 8.34 ] 6.22
D | 292|300 623]|5681|694]404]384]|234]7r57 |3.19] 203]0.18]338] 300
E | 0.24 | 1.25 | 0.27 |Ta51 | 548 | 464 | 487 091 | 1.57 | 2.23 § 4.92 l
F 2.16 | 0.07 yo.59 [ s.a7 | ase |MGeg | O 217 | 1.21

1

a 0.40 |0.50 0.18

Figure 11
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ARBUCKLE AQUIFER: EXPECTED YIELD, Q, DERIVED

I FROM SUM OF LINEAMENT LENGTHS, gpm
l 1 2 3 4 5 (] 7 8 ° 10 1 12 13 14
| J
l 445 ars | 293 | 248 | soOF 188 | to7 [ 67.8 | 362 { 98.0 { 121 | 423 | 301 ! s56.2
I 318 197 | 401 6023 | 415 | 113 | 433 | 443 | 280 | 237 [ 830 | 645 | 48t 314
r:321 314 291 119 | 884 | 300 | 273 | 384 | 317 | 322 | 62.0 | 263 | 632 | 478
| 233 § 314 479 | 434 | s a4 | 288 189 | 5786 | 254 | 165 | 168 | 288 | 307
L — A D
21.7 | t05 | 24.8 | 353 | 424 | 362 | 364 [ 300 | 77.3 [ 130 | 181 324 | 201 l 220
el cmme— — —f— —
102 t75 | 82.0 |;51.4 ) 416 | 282 ""239 247 189 168 | 203 176 101 175
-
TE——
120 ] 99.8 | 35.8 [43.8 165 | 16.6 199 | 231 223 185 | 180 158 151 142

Figure 12
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ARBUCKLE AQUIFER: AVERAGE EXPECTED YIELD, Q,
l ACCORDING TO LINEAMENT ANALYSIS
I Nodes with expected yleld equal to or greater than 270 gpm +
l Nodes with expecied yleld less than 270 gpm |—
I ARBUCKLE GROUP ABSENT
l 1 2 3 4 s L} 7 8 ] 10 11 12 13 14
¥ T—T
| + | +[-{+ -
|
|
+|{+|+|+|+]+]|+|=]=1= +
1|
—l+]+ |+ F+|+|+j+]|==]-- +
b 4 —1 I —
4|+ |+ +]|=-|=-|=-|=-]=-]=-!=
==+ FEFET - -
- Ly
B P JENEE I SR AR A B B .
|

Figure 13
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T ARBUCKLE AQUIFER: AVERAGE EXPECTED YIELD. Q.
I ACCORDING TO WELL DATA AND LINEAMENT ANALYSIS
Nodes with expected yleid equal to or greater than 270 gpm |-
I ARBUCKLE GROUP ABSENT
1 2 3 4 5 P 7 s 8 10 1 2 14
A + 1 +
8 + | + +
c + [+ |+ + + | +
o + + | + +
4 -_i_A
E + +
F 1+ _k-
o l
a |

Figure 15
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