SELECTED DRILL-STEM TEST DATA FOR
THE UPPER COLORADO RIVER BASIN

By Ralph W. Teller and Daniel T. Chafin

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 84-4146

Lakewood, Colorado
1986




DEPARTMENT OF THE INTERIOR
DONALD PAUL HODEL, Secretary
U.S. GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information Copies of this report can be
write to: | purchased from:

District Chief U.S. Geological Survey

U.S. Geological Survey, Books and Open-File Reports

Box 25046, Mail Stop 415 Building 41, Box 25425

Denver Federal Center Denver Federal Center

Denver, CO 80225 Denver, CO 80225

[Telephone (303) 236-7476]



CONTENTS

Page
Abstract---=-----=--ccmce e mcmmmmm s m s e e e m e — . 1
Introduction----=-=----=----—cm- e m e e 1
Location of study area----------=-c--ccmmmm e e 1
Location of drill-stem test sites--=----==----ccmcmccccc e e e e 3
Drill-stem tests--------~---=-------- e mmmmme e m e 3
Drill-stem test data-----=-------ccmcmme e m e e e e 10
Selected references----==-=--cecmmmmcccce e ——m o - 109
ILLUSTRATIONS
Plate 1. Stratigraphic columns and hydrogeologic units------------- In pocket
Page
Figure 1. Map showing location of study area---=-==-==----cccmccccca-—o- 2
2. Diagram showing system of identifying drill-site locations---- 4
3. Principal tectonic features of the Upper Colorado River
Basin=====-=---ccee e e e e e m e e e 5
4. Graph showing relation between viscosity and water
temperature--=-====--=-- - e e — e 6
5-15. Maps showing locations of drill-stem test data for formations
in the following hydrogeologic units:
5. All hydrogeologic units------=-===--=-cccccme——m————— 14
6. Upper Tertiary discontinuous aquifers---------------- 15
7. Middle Tertiary aquifers, partly drained aquifers,
and confining layers-----==------=-=c--cccm—cooonnan 17
8. Lower Tertiary aquifers and confining layers--------- 19
9. Basal Tertiary aquifers~-==-=======--cccemacoaaao-——o 36
10. Upper Mesozoic confining layers and aquifers--=------- 41
11. Middle Mesozoic aquifers---------==-=---coocccc-c-0o-- 72
12. Lower Mesozoic confining layers---=----==--cec----c-w-u- 79
13. Upper Paleozoic aquifers and confining layers---=----- 82
14. Middle Paleozoic aquifers--=----=-=-=--=-=cemoeocma-——- 99
15. Lower Paleozoic confining layers and aquifers-------- 107

iii



CONTENTS

TABLES
Page
Table 1. Geologic codes and formation names--------=-=---—-———————c———__ 11
2-11. Drill-stem test data for:

2. Upper Tertiary discontinuous aquifers-------------------- 16

3. Middle Tertiary aquifers, partly drained aquifers,
and confining layers----====---c--ecccccmmcmmcooo 18
4. Lower Tertiary aquifers and confining layers------------- 20
5. Basal Tertiary aquifers----------=-=~ccommmmmomma— 37
6. Upper Mesozoic confining layers and aquifers------------- 42
7. Middle Mesozoic aquifers-==-==-------ccocmmmcmcmmmeeeeeo 73
8. Lower Mesozoic confining layers-----=-----—-—-c—coco-—- 80
9. Upper Paleozoic aquifers and confining layers------------ 83
10. Middle Paleozoic aquifers--------—--~-c--ccmmommmmn— 100
11. Lower Paleozoic confining layers and aquifers------------ 108

METRIC CONVERSIONS
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SELECTED DRILL-STEM TEST DATA FOR THE UPPER COLORADO RIVER BASIN

By Ralph W. Teller and Daniel T. Chafin

ABSTRACT

Drill-stem test data collected during petroleum exploration can be
analyzed to provide information on formation head and permeability that is
needed for regional hydrologic investigations. Approximately 2,000 drill-stem
tests were analyzed as part of a ground-water study of a part of the Upper
Colorado River Basin. Analyses of these drill-stem tests provided values for
undisturbed formation head and, in some cases, permeabilities that were
converted to intrinsic permeabilities and hydraulic conductivities. Results
of these analyses are presented in tabular form. Information collected on the
hydrologic characteristics of the formations tested will be used for flow-
system analysis, including simulation modeling.

INTRODUCTION

Regional studies of ground-water resources and aquifer systems require
analysis of the hydrologic properties of the system, including aquifers and
confining layers. In some areas, such information may be available from
drill-stem tests made during the course of petroleum exploration. Drill-stem
data were purchased from Roger Hoeger (written commun., 1980) for the
analyses presented in this report. As part of the Upper Colorado River Basin
regional aquifer system analysis, approximately 2,000 drill-stem tests were
analyzed. This report summarizes these analyses and provides permeability
data that can be used by hydrologists and other earth scientists. Data from
the upper part of the San Juan drainage basin will be included in other
studies and are not presented in this report.

LOCATION OF STUDY AREA

The Upper Colorado River Basin (fig. 1) comprises the drainage basin of
the Colorado River above Lees Ferry, Ariz. The upper basin is on the west
side of the Continental Divide and includes parts of Arizona, Colorado, New
Mexico, Utah, and Wyoming. It encompasses an area of 113,500 mi2 and extends
from latitude 35°34' N. to 43°27' N., a distance of about 550 mi, and from
longitude 105°38' W. to 112°19' W., a distance of about 350 mi.
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The Upper Colorado River Basin is characterized by rugged mountains, high
plateaus, broad expanses of desert, and narrow valleys. It is bounded on the
east and north by mountains forming the Continental Divide and on the west by
the Wasatch Mountains and the Wyoming Range. It is bounded on the south by
plateaus and small mountain ranges that separate the San Juan River drainage
from the Little Colorado River drainage. Discharge from the Upper Colorado
River Basin to the lower basin is at Lees Ferry in northern Arizona.

The main valleys of the Upper Colorado River Basin have been cut by the
Colorado River and its principal tributaries, the Gunnison, Green, and San
Juan Rivers. Altitudes range from 3,100 ft at Lees Ferry to more than
14,000 ft on many of the mountain peaks.

LOCATION OF DRILL-STEM TEST SITES

Drill-stem tests included in this report are listed by the drill-site
location, using the U.S. Bureau of Land Management System of Land Subdivision.
Site locations are identified by their township, range, and section numbers,
as illustrated by example in figure 2.

DRILL-STEM TESTS

Drili-stem test data are presented in the Drill1-Stem Test Data section in
tables 1-11; these data are grouped according to the formations within the
hydrogeologic units shown on plate 1 (in the pocket in the back cover). These
units are classified on the basis of depositional environment and 1lithology.
Geologic formations within which the tests were conducted are identified by a
formation code in table 1. Stratigraphic columns on plate 1 also indicate the
geologic age of many of the formations tested (the complex stratigraphy
prevents all members from being included in the columns) and their relation to
principal tectonic features (fig. 3). Some drill sites may have data from
tests done at several intervals or depths in the same drill hole. These data
may reflect differences in physical conditions, for example fluid temperature
and viscosity, at the given depth or interval tested. Permeability data were
corrected for variations in viscosity; curves depicting the relationship
between viscosity and temperature for this correction are shown in figure 4.
Figures 3 and 4 follow this discussion immediately. Maps (figs. 5 through 15)
are placed in the Drill-Stem Test Data section at the back of the report,
preceding each relevant table, to indicate the general locations of test sites
and areal distribution of test data within hydrogeologic units.
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A drill-stem test is much 1ike a bail test or a short-term aquifer
recovery test. A volume of fluid is removed from the well bore during a known
period of time; then, the fluid head is allowed to recover. Analysis of the
recovery data provides information on the pressure and permeability of the
formation in the interval tested. Values obtained from this analysis may be
influenced by 1localized o0il field production activity. Some high shut-in
heads may indicate that the formation is abnormally overpressured.

In a typical drill-stem test, the stratigraphic interval of interest in
the hole is isolated from the rest of the hole by the use of packers attached
to the bottom of the drill stem. After the drill stem has been lowered into
the well bore, and the packers have been expanded to seal off and isolate the
interval to be tested, a valve is opened to allow fluid to flow from the
formation into the drijll stem, under the influence of the head difference
between the formation and the atmosphere in the drill stem. The valve is then
closed, or shut in, and the head recovery of the formation is monitored by a
pressure sensor open to the well bore in the tested interval.

In addition to the pressure measurements that provided information on
static formation head and permeability, fluid-temperature data also were
collected during the tests. 1In most cases, fluid recovered from the drill
stem can be analyzed for chemical composition.

Drill-stem tests contained in this report were selected on the basis of
meeting certain quality criteria, including:

1. Pressure curves that did not exhibit any effects from plugging;

2. No pressure loss from packer slippage or malfunction;

3. Sufficient period of monitoring pressure recovery following shut-in
of the flow valve; and

4. No malfunctions of the pressure gage.

Tests that met these criteria were analyzed by means of the Horner
graphical method (Bredehoeft, 1965). Pressure was plotted as the ordinate on
an arithmetic scale, versus Egg-as the abscissa on a logarithmic scale, where
t = duration of flow preceding shut-in, and 6 = time since shut-in of flow
valve.

The resulting plot should be linear, if the test behaves ideally. If a
straight-1ine plot was obtained, the best-fit line through the data was
extrapolated to log E%Q = 1, which was equivalent to an infinite time since
shut-in. The pressure at this time was an estimate of the pressure to which
the formation will recover. This intercept pressure was taken as the original
formation pressure (Pf) at the gage altitude.



Undisturbed, or shut-in head, presented as the altitude of the
potentiometric surface in terms of fresh-water equivalent, was calculated by
means of the equation:

=A~-D+ 2.33 P, (1)
where H = shut-in head (ft),
A = land-surface altitude of bore hole (ft),
D = depth below land surface at which pressure was
measured (ft), and
P, = extrapolated or stabilized formation pressure (1b/in2). The

constant 2.33 converts pressure to equivalent fresh-water head. In some
cases, it was found that shut-in pressures stabilized and that the Horner
graphical extrapolation method was not necessary. In these cases, shut-in
head was calculated directly by using the stabilized pressure in the above
equation.

Several forms of permeability data also are included in tables 2-11 in

the Drill-Stem Test Data section of this report. Permeabilities in
millidarcies per centipoise resulted from the standard drill-stem test
analysis. Intrinsic permeabilities were calculated to indicate formation

characteristics; hydraulic conductivities were calculated to indicate the
formation and fluid characteristics for ground-water flow analysis.

If the fluid recovered was mostly water (mud or oil, less than 15 percent
by volume) and a 1linear Horner plot was obtained, permeabilities were
calculated by the equation:

162.6 0, (2)
m

=I5

where intrinsic permeability (millidarcy),

thickness of test interval (ft),

dynamic viscosity of fluid (centipoise),

fluid recovery in barrels per day, and

change in gage pressure over one log cycle in Horner plot. @ is
calculated by multiplying the number of feet of fluid recovery by the capacity

(in barrels/ft) of drill collars and pipes and multiplying by

ToT >
PRI TR I

1,440 minutes per day.
t (minutes)




Permeability values 1in millidarcies per centipoise were converted to
intrinsic permeability values in millidarcies by multiplying by dynamic fluid
viscosity. Intrinsic permeability was then converted to hydraulic
conductivity, K, in feet per day at 60°F, by the following equation:

-3
kX 18.2 X 10 =K . (3)

7.48

Conversion from millidarcies per centipoise to intrinsic permeability
requires a value for dynamic viscosity of the fluid. This value is a function
of the temperature of the fluid. To generate the viscosity at an indicated
fluid temperature, equations were used to approximate the viscosity value of
water for temperatures over the range of the data. For the range:

o
50°F to 120°F, p = 1.9299 - 0.81807 log (° < TC°F) _ 55 78y, %)
9
o
120°F to 425°F, u = 0.9353 - 0.3670 log (0 < TC°F) _ 57 g0, (5)
9

Curves for the two equations were compared with Bureau of Standards tabulated
values of viscosity as a function of temperature (fig. 4).

No viscosity correction was made for dissolved-solids concentration in
the fluid. Users having sufficient water-quality information available may
wish to consult U.S. Geological Survey Open-File Report 82-447 (Weiss, 1982)
for dissolved-solids correction techniques.
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Table 1.--Geologic codes and formation names

CODE FORMATION NAME

000IGNS IGNEOUS ROCKS

120TRTR? TERTIARY SYSTEM

124DGCK DOUGLAS CREEK MEMBER (GREEN RIVER FORMATION)
124E0CN EOCENE SERIES

124GDGC GARDEN GULCH MEMBER (GREEN RIVER FORMATION)
124GRRV GREEN RIVER FORMATION

124PCCK PARACHUTE CREEK MEMBER (GREEN RIVER FORMATION)
124TPTG TIPTON TONGUE (GREEN RIVER FORMATION)
124UINT UINTA FORMATION

124WSTC WASATCH FORMATION

125FRUN FORT UNION FORMATION

1250CRK OHIO CREEK MEMBER (HUNTER CREEK FORMATION)
125PLCN PLIOCENE SERIES

210CRCS CRETACEOUS SERIES

210DKOT DAKOTA SANDSTONE

211ALMD ALMOND FORMATION (MESAVERDE GROUP)

211BLIR BLAIR FORMATION (MESAVERDE GROUP)

211BXTR BAXTER SHALE

211CODY CODY SHALE

211CSLG CASTLEGATE SANDSTONE (MESAVERDE GROUP)
211EMRY EMERY SANDSTONE MEMBER (MANCOS SHALE)
211ERCS ERICSON FORMATION (MESAVERDE GROUP)

211FRLD FRUITLAND FORMATION

211FRNR FRONTIER FORMATION

211FRRN FERRON SANDSTONE MEMBER (MANCOS SHALE)
211FXHL FOX HILLS SANDSTONE

211HLRD HILLIARD SHALE

211LNCE LANCE FORMATION

211LWIS LEWIS SHALE

211MNCS MANCOS SHALE

211MVRD MESAVERDE FORMATION

211NBRR NIOBRARA FORMATION

211PCRV PRICE RIVER FORMATION (MESAVERDE GROUP)
211RKSP ROCK SPRINGS FORMATION (MESAVERDE GROUP)
211STEL STEELE SHALE

211TRCK TROUT CREEK SANDSTONE MEMBER (ILES FORMATION)
211TRPC TROPIC SHALE

217ASPN ASPEN SHALE

217BCKR BUCKHORN CONGLOMERATE MEMBER (CEDAR MOUNTAIN FORMATION)
217BRRV BEAR RIVER FORMATION

217CDMN CEDAR MOUNTAIN FORMATION

217MDDY MUDDY SANDSTONE

220GLNC GLEN CANYON GROUP

220NGGT NUGGET SANDSTONE

220NVJO NAVAJO SANDSTONE (GLEN CANYON GROUP)
221CRTS CURTIS FORMATION (SAN RAFAEL GROUP)

11



Table 1.--Geologic codes and formation names--Continued

CODE FORMATION NAME
221ENRD ENTRADA SANDSTONE (SAN RAFAEL GROUP)
221MRSN MORRISON FORMATION
221SLWS SALT WASH SANDSTONE MEMBER (MORRISON FORMATION)
221SNDC SUNDANCE FORMATION
231CHNL CHINLE FORMATION
231CRMN CROW MOUNTAIN SANDSTONE (CHUGWATER GROUP)
231SRMP SHINARUMP MEMBER (CHINLE FORMATION)
231WNGT WINGATE SANDSTONE (GLEN CANYON GROUP)
237DNDY DINWOODY FORMATION
237GSEG GOOSE EGG FORMATION
237MNKP MOENKOPI FORMATION
237SNBD SINBAD LIMESTONE MEMBER (MOENKOPI FORMATION)
237TYNS THAYNES LIMESTONE
237WDSD WOODSIDE SHALE
310PMPV PERMIAN-PENNSYLVANIAN SYSTEM
310PRMN PERMIAN SYSTEM
310WEBR WEBER SANDSTONE
311PSPR PHOSPHORIA FORMATION
317CDRM CEDAR MESA SANDSTONE MEMBER (CUTLER FORMATION)
317CTLR CUTLER FORMATION
317DCLL DECHELLY SANDSTONE (CUTLER FORMATION)
317ELPC ELEPHANT CANYON FORMATION
317KIBB KAIBAB LIMESTONE
3170GRK ORGAN ROCK TONGUE (CUTLER FORMATION)
317PRKC PARK CITY FORMATION
317WIRM WHITE RIM SANDSTONE MEMBER (CUTLER FORMATION)
320PSLV PENNSYLVANIAN SYSTEM
321HKTL HONAKER TRAIL FORMATION (HERMOSA GROUP)
321TSLP TENSLEEP SANDSTONE
324HRMS HERMOSA FORMATION
324MNRN MINTURN FORMATION
324MOLS MOLAS FORMATION
324MRGN MORGAN FORMATION
324MRON MAROON FORMATION
324PKTL PINKERTON TRAIL FORMATION (HERMOSA GROUP)
324PRDX PARADOX FORMATION (HERMOSA GROUP)
324RICO RICO FORMATION
330MSSP MISSISSIPPIAN SYSTEM
330RDLL REDWALL LIMESTONE
331LDVL LEADVILLE LIMESTONE
331MDSN MADISCN LIMESTONE
340DVNN DEVONIAN SYSTEM
341ANTH ANETH FORMATION
341ELBR ELBERT FORMATION
3600DVC CRDOVICIAN SYSTEM
370CMBR CAMBRIAN SYSTEM

!Tertiary system undifferentiated included in table 2.

N
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LOCATION -

STATE -

COUNTY -

FORMATION -
INTERVAL TESTED -
SHUT-IN HEAD, FT -

KKKX
ALT. OF M.P. -
PERMEABILITY -

HYDRAULIC CONDUCTIVITY -

TEMPERATURE (°F) -

TEST DATE -

HEADINGS FOR TABLES 2-11:
DRILL-STEM TEST DATA
Township, Range, Section (see fig. 2)
Abbreviated by U.S. Postal Code
County name
For formation code see table 1
Depth in feet below measuring point

Head in feet above sea level

Data not available

Altitude of Measuring Point - Altitudes reported
by drillers on petroleum logs may be measured
from undefined points at land surface, drill
floor, Kelly bushing or rotary table.

The millidarcy (md) is a standard unit of perme-
ability. One darcy is equivalent to the passage
of one cubic centimeter of fluid of one centipoise
viscosity flowing in one second under a pressure
differential of one atmosphere through a porous
medium having an area cross-section of one square
centimeter. One millidarcy (md) is one one-
thousandth of a darcy. The absolute unit of
viscosity, poise, is equal to one dyne-second per
square centimeter. Centipoise (cp), one one-
hundredth of a poise, is a more convenient unit, and
the one more commonly used.

In units of feet per day (ft/d). Values rounded
by the computer to 0.00 indicate value is less than
0.01 ft/d.

In degrees Fahrenheit

Year drill-stem test conducted

13
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Figure 9.--Location of drill-stem test data for basal Tertiary aquifers.
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Figure 10.--Location of drill-stem test data for upper Mesozoic
confining layers and aquifers.
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Figure 11.--Location of drill-stem test data for middle Mesozoic aquifers.
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Figure 12.--Location of drill-stem test data for Tower Mesozoic

confining layers.
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Figure 13.--Location of drill-stem test data for upper Paleozoic
aquifers and confining layers.
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Figure 14.--Location of drill-stem test data for middle Paleozoic aquifers.



2961 661 B e Catararud $S€9 84Sy 8696 6£96 dSSHOEE YIIALS 1n k22 a5 44
1961 oLt RS s A §2TY 8€ES 2596 SG6S6 dSSHOEE Xyana  1n k44 qst sie
1461 e = X N S 0769 LYTL %6101 09001 NSAHIEE NOZ¥VD XM 8¢ My8 NOT
2961 o%1 10°0 98°S 08°C1 0€1sS SHSy £€80L €969 dSSHOEE AINT 1IN o€ awt S8t
€561 e R NN SR Z0€S 90S% 0G1S 0606 dSSHOEE P.: 1C121C QRN A1 [As qzt S8l
6561 orl e B FENY 0999 299§ 79€TT €TZ21  dSSKHOEE Ind In ST VA S91
LS61 N RN SN SN 128S 699% ZEIL 8669 NSOHIEE P 1 121C SN A1) LT Jzi S91
5961 I e B G9¢€S 2806 GL78 0SI8 dSSHOEE IHd  In 1t qtt S91
6561 I o s s R 6TYS C196 cele LT9¢ NNAQOYE OfVAVN 2V S q02 N91
6561 SNNE VR B B 8896 TL9S 889 G79¢ NNAGOY%E OfVAVN ZV 6 481 N9t
0L61 861 B e SN R £98S 169y 0808 066¢4 dSSHOEE NOgY¥VI n L1 Jer SSt
€961 191 B s N 09665 19S5y 11€8 %818 NNAQO%E NOg¥VYJ In L azt SSI
€961 1921 B T PR PEEERY 09665 188% €TYL  €leL dSSHOEE NOG¥YD In L et SG1
8661 B s R R SN PN 00SS €6€S G9101 8S001 TIQYOEE NOG¥v3 In 97 Jot SGt
6561 e e i e €629 6S1S 0szy  8yiY HINVI®E OLVAVN YA 74 qeT N2t
8961 98 90°0 88722 01°6C 0SSL 5899 919T %%9C ¥yq1a1%e dIHOVAV  ZV 0z M9 N9
€961 091 S VY S 909. 1199 0098 €658 dSSHOEE  ATATAYVD 0d S¢ MEOT SS
2961 0l S e SN B £16Yy LETS 16€9 0619 NSAW1EE HVININ 10 €¢ qzeT SS
1961 o1t NN S VA VIAN] YTLS €96y [8EY NSAHIEE IVIION 03 € MEOT NE
SS61 e B e Py PR €069 €€86G »E91T GGSIIT TAQTIIEE OONVIE OI¥ 0D [A 8 MY01 St
2961 B I R e e GE98 S08¢L S%07 €861 TAQIIEE OONVIE OIM 0D 61 MI6 NT
0961 061 RN s B G [£09 98¢ %8601 0%801 NSAWIEE OONVId OIN 0D 91 YA SI
£961 e I Pyt R 6GG8 110L 969¢  9%S¢E NSAQWIEE OONVIH OId 0D 81 MI6 NI
Jirva NIV (AVA ¥3d 1d) (SAOUVA (USIOAIINAD ¥dd “d'K (1991)QvaH Wollog dolL dIHS
1S3l -YIdWIL KLIAILONANOD -ITT1IW) SAOWVAITIIN) J0 "ITv  NI-INHS (I934)Q4ISIL NOILVWYOI  XLNNOD JIVLS NOILOdS JONVY -NMOL
JI'INVIAXH ALTTISVANI3d TVAYIINT NOILVJO0T

saajInbe orozZoa[ed SIpPPIW JOF eIEp 3593 WAIS-ITIId-- QT d|gel

100



€961 191 %0°0 (981 01°0S %S9S S6EY 0709 0%6S dSSHOEE AT Lo 193 Jet $9¢
0961 o%t B R YN 296S 989Y %0L9 00€9 NNAQO%E A4IHE 10 61 qL S9¢
0961 0€T SN R R 296S €9y 0€SS  0Z%S dSSKOtE A¥INd 10 61 qL S9¢
HS6t e A B e e LL89 €809 66GL %ESL NSAUItE ¥ALVMLIIMS AM (Al M06 NST
9S61 I i as ety VR 1989 899¢€ €65  %06S NSAWIEE YALVMITIMS  AM 01 M06 N9T
9S61 8GI SR N e 1989 ¢09¢ #06S %S8S NSAWIEE YALVMLIIMS AM ot M06 N9C
1961 ovl B e R RN 029% ovyYy 98€9 19t9 dSSHOEE (41304 N A3} (114 ISLT SsST
1S61 0S1 R YA ) £58Y 9Zse S6S9 18%9 dSSHoee D.%: (C121C RN 11 62 91 SS¢
9661 SN NN YA SRR 911S 062Y €%8S  1€9S TAQTIEE A4Ina 1In (A ISt $GZ
8661 911 B SRR Y 28y iy 02?9 G809 dSSKOEE AdIRI 1IN (44 Ist S§S¢C
€961 0Ll S PN YR LE6Y o%eY 0Ly9 0t29 dSSHOEE A4INd 1IN St ISt SS¢T
1961 oct AN SR WY 09LYy c8ey 189S O%€S NNAQOYE A4IRd In (44 vt SGe
1961 oct SR NN FAE 09L% 66EY 08LYy  SL9% dSSHOEE AYINE 1IN (44 It SGT
6G61 oot 00°0 12°0 1€°0 868Y SSEY 9Ly 0L9% NNAJOYE A4INT In 9t Jet SS¢C
6G61 VAN PRI B AR ¢h0Ss 18€Y 0096 0€SS NSAHIEE I In V14 Izt SSe
9961 B I s e P 98%9 €IeL S109 S€6S NSAWIEE NOG¥V) XM 1€ M88 NST
8661 PR XT3V SNSRI SR eLLy L6YY L[908 896L TIAY0EE AdaWd  In 61 q91 Sve
¢L6L ort 00°0 06°1 66°¢C 0zey 6€£8Y €6€9 019 dSSHOEE AdIWd 1IN 018 Int S9¢
1961 oyl Y B o SN 182y 189% €298 6SS8 dSSKOEE ANVY9 10 (91 qut SET
8661 LSl S e S AR 0eTYy SE9Y €L10T €S001 dSSKOEE ANV49 1N he q2°Ui ST¢
€L61 091 i e NN 0cLy 19y 0826 STZ6 NSAWItE ANVY9 1IN 4 91 ST¢
LS61 e e N NN 06¢€Yy 708% 06%8 78¢E8 dSSKOEE AJINT 1N 9T ISt ste
7961 e I s s TP 6TLYy 199Y GGL9 Sv¥99 JdSSHotEE AIE 10 kLA qET ST
7961 ovl R s Y FHAY 62LYy 119% 0%99 S199 dSSHOEE AINT 1IN 9T qer Stt
qva TYALY (AVA ¥3d II) (SKO¥VA (ASIOAIINID ¥dd "d'KH (1333)QVAH KoLiod dol dIHS
IS3L -¥3dRAL ALIAIIONAONOD -ITTIN) SKO¥VAITIIN) J0 "1TV  NI-InHS (1334)FAISIL NOILVWYOI  XINNOD dLVIS NOILJAS dINVY -NMOL

JI'INVIAXH

ALTTIGVINYAd

TVAYLINI

NOILVOOT

panuIjuo)--saeFInbe orozoered oIppPIW I0j BIEP 3503 WEIS-T[TId--"QT 3{qel

101



1961 oSt 00°0 o1t 29°¢C 819Y €€y 10€L 001¢L dSSHOEE ANAVM in S Jit S$8¢
G661 R 1) PXTETEY Sy %60S Y%SSYy 8199 9SS9 dSSHOEE ANAVM 10 67 a8 S8¢
L6l (241 SRR et s 1645 98SY oveL 49tL dSSHOEE  NVOC NVS 1A [43 qze SLt
1L61 [4A! S PNYYR Sy 16%S L9%Y 8%2L 01Z¢L dSSHOEE  NVOL NVS in [A3 qze St
€961 R s R SN 00eYy LivY %129 0S19 dSSHOEE  NVAL NVS 1IN € J1z ST
2961 YRy ey e PN oY%y Sivy 9829 0€29 dSSHOEE  NVAL NVS  In 9 Joz SLZ
€961 oyl 00°0 g0 18°0 CELS sy 00%9 0929 dSSHOEE  NVOLC NVS  In 92 81 SLt
1961 01 Y PP e 61LS 96€Y #66S %685 dSSHOEE INAVA 10 X% 91 Stt
9661 WY PR YN NN 916S (YA% 01%S S91S dSSHOEE INAVM 0 St 36t St
8561 e s SRR S SETS 962y 0289 <T1.9 dSSROEE INAVM 1IN 9¢ et SLT
7961 oyt ) SR Py 820S 6GTY G899 6%%9 dSSHOEE ANAVM 10 0€ et Stz
6S61 B NN PRI LEOS 9zeh 0gv9 0129 dSSHOEE INAVM 10 6 3zt SLT
6561 86 e =) R PRy TLoL 5889 S671  €SHI NSaWiee INOWIYE XM Y2 ML6 NLZ
8561 PXR PR ) SRR cL6S H8Y%Y 699L T6SL dSSHOEE (NVY9 In 4% jJoe S9¢
8S61 NN WY XYY N TL6S zESY €8SL €%SL dSSHoEe aNVI9  In 1€ k(174 S92
0961 YRy pereesy Ry P 9€£6S S9SY 10LL 089L dSSHOEE aNvd9 10 62 0¢ $9¢
2961 8zt X LYY N s €6LS S0SY 9v6L 0T6L Y4TITYE aNvee - In 6 302 S92
2961 0st ey B SNENY €6LS 909% 8L9L 809¢L dSSHOEE aNvy9 10 6 (114 S92
LS61 I e Y ST 1209 8SSY #9SL 96%L dSSHoEE aNvd9  In 91 361 S92
9561 B I SRR B LST19 6£SY #86L 698L dSSHoEE (1102 R A1 1t a6t $9¢
8G61 S WY ] R 290§ ey 980L 8L69 dSSHOEE aNvy9 10 L 381 S9¢
2961 oyl SN XA SN 150§ Y9¢€Y 06€9 0429 dSSHOEE AaNa In S /Al S92
8661 kLA SRR FHNARY SRR GE9S vhey 00.9 0099 dSSHOEE XINT  In 92 ant S92
6S61 oyt e e X R 1zis [ARN 0SLS 619S NSAHIEE D% 1c12ic SN A1 L ayt s9¢
ALVA NIV (AVQ ¥3d Ld) (SAO¥V@ (ISIOLIINED ¥3d “d'H (13324)aQVaH Worlog dolL dIHS
ISAL -¥3dWIL ALIAIIONANOD ~-ITTIIW)  SAJYVAITIIK) 40 "IIV  NI-INHS (L3TI)QILSAL NOILVWNOd  XINNOD  FIVIS NOIIJAS FINVE -NMOL

JIINVIAAH

ALITIGVIAd

TVAYILINI

NOILVOO0T

panurjuo)--srejrnbe orozoered o[ppIm J0F BIep 3S03 WAS-[ITId--"01 21qeL

102



LL6l oyt R NNt SN 8%29 602G 1/G6 2I¥%6 dSSHOtE NVOLC NVS LN 174 a€e S6¢
1961 701 S YL SRS 6619 199% 0%S9 0Z%9 dSSHOEE NVOC NVS n g1 q1z S62
GL61 ozt S ) PR PrET e 2879 916y 0TY¥8 %18 Yy47ITHE  NVOL NVS 1IN Gl ci4 S62C
Sl61 611 00°0 %S0 26°0 2829 8ZSYy 898L SLLL dSSHOEE NVOC NVS n Gl a1z S6¢C
GSl61 Gl e s Sy L 2829 [3:39 S9LL LL9L dSSHOEE NVOC NVS n Gl q1z S6¢C
SL6t Get SN SN SV 2829 6Z%Yy GSl9L 06%L dSSHOEE  NVAC NVS 1IN Gl a1z S6¢
161 001 00°0 6L°1 6G°¢C €09y 19G% €10S 896Y% dSSHOEE NVACL NVS In St 302 S6¢
6S61 AR snvwewy YA gy c8SYy olzy YhEh  yEeEy dSSHOEE NVAL NVS n Vi q02 S62
6661 S6 P s YR s G8sYy LYYy o%Zy €61V dSSHOEE  NVAC NVS  1In Y 102 S6¢C
8S61 s FYNIIYY LYY PR 9%29 €82Y 9%89 G899 TAQTIEE ANAVM  1n 0C a6t S6¢C
8561 (488 B e NNy 129y 908% 9612 161 dSSHOEE INAVM  In €€ qzt S6¢C
8661 0Z 00°0 ¢8°0 6E°1 1€8Y 1.S€ 0909 G€09 yd1diyve ANAVM n 8 q0t S6C
8561 = Sy R 128% Y%Z6¢ €G6L 0T6L TATQIIEE INAVM LN 8 401 S6C
G961 891 FVANNN Py NN Val'Za 6SLYy 19%21 90%¢C1 dSSHNOEE NVOC NVS In 9¢ qse S8¢
€961 891 10°0 28°¢ oL L SvyL vLly FALTA SR TA FA! dSSHOEE NVOC NVS Ln 8¢ kir4 S8¢
€961 081 PN ] NN ShyL €591 oY%Z1 6EETT dSSHOEE NVL NVS In 8¢ T4 S8¢
€961 o€t NSNS NN B 9%LS 8GSY G8E8 9%Z8 dSSHOEE  NVAC NVS  1In L1 e txd S8
1961 081 00°0 08°1 0€°S 0689 6ELY LZ%0T GSEO0T dSSHOEE NVOL NVS In 4 q4€z S8¢
%961 (YA 00°0 SE°0 %9°0 HGeYy 80SY Y1lE 68SE dSSHOEE NVAC NVS n 1€ q1e S8¢
1961 S R Y PN SN 866G €YYy 98LL 9TLL dSSHOEE  NVACL NVS 10 44 a1z S8¢
1961 911 €0°0 GG'el (V) ANAA 19:3% 4 S60Y% Zlly  089Yy dSSHOEE NVAC NVS In €2 02 S8T
LS61 B L TR PLTT DI RARIRN 62SY £6€Y 0665 YE€6S d9TdTIH¥€  NVAC NVS In (A4 402 S8¢
LS61 A SN PPNV 62SY 16EY 02258 0¢C1S dSSHOEE  NVNC NVS In [44 402 S8¢
1961 80t 00°0 S¢°0 6€°0 SL29 16%% GZE9  L£29 dSSHOEE NVOC NVS In 81 q61 S8¢
2961 oyl NN RAPYN AN 1209 66%Y 1L€9 6879 yg1ITHe NVOC NVS 1n (A8 a8t S8¢
2961 o€l PNV B sy 1209 €86y 0€29 S¥%19 NNAQOYE NVOC NVS 1n I g8t S8¢
2961 ogt MY praaaay gy 1209 6%€Y 065S S0SS dSSHOEE NVAC NVS In r48 a8t S8¢
6G61 oyt 00°0 2670 €11 6%9S 060% GL69 0089 dSSHOEE INAVM In Y1 At S8¢
qIvd WALV (Xvad ¥9d 1d) (SKDYVA (ASIOAIINAD ¥3d "d°W  (1334)QVIH WOLIo® 4ol dIHS
ISAL -¥ddWAL XALIAILOOANOD -ITTIN) SXOYVAITIIN) J0 "I1V NI-INHS (1933)QdLSIL NOILVWI0I ALNNOD JIVLIS NOILDAS 49NV -NMOL
JI'INVIAAH ALTITIGVINYId TVAYAINI NOILVJ0T1

panutjuo)--siejrnbe srozoeled eIppIWl 10 eep 3563 Weps-TIIId--°01 2[qel

103



8661 e R s KAV R 00%S 29S¢ wyly  O%yYy dSSWoee  @IIILYD 1IN 123 st SZe
9961 YR Y Satataca PR 2699 78%Y% 88001 8S66 dSSHOEE  NVALC NVS 1IN 81 492 StI¢
9961 081 KNS R aansd AR 2699 S6EY LS86 €686 dSSHOEE  NVAL NVS  In 81 492 Si¢
LS61 SR SV SR N 9GS9 Yi%c 879L 809L dSSHOEE  NVNL NVS 1IN 8 ace SI¢
LS61 PR R Yy HVIE 9559 L19Yy 89SL S6%L dSSHOEE  NVAr NVS 1 8 CrA St€
1961 o7t %0°0 19°61 01°%¢ S%09 296¢ €899 0099 TAQTIEE QIZIA¥VD 1D Lz art S1€
€961 LAY 00°0 1o 8Z°0 [AXY] 619y 8656 Y8%6 dSSHOEE  NVALC NVS 1IN 8¢ ase So¢
961 0Ll 10°0 9¢°¢ 0€°6 L1699 S9vy 08S6 T1S6 dSSHOEE  NVAL NVS 1IN Lz 4sT S0t
9961 0Lt 00°0 88°1 0T°S §259 eSY #9201 19101 dSSHOEE  NVAC NVS 1IN %t ase S0¢
1961 8¢l 00°0 9z°1 0L°¢ S989 76€Y 81S6 94%6 dSSHOEE  NVAL NVS LN 1z ase SO€
1961 e e AR NN L e 5989 L6y €1€6 8976 dSSROEE  NVAL NVS 10 | ¥4 ise S0¢€
6961 Syl z0°0 9T°L 09°91 6£€9 SHiy 0016 6006 dSSHOEE  NVAL NVS  In 81 ase SO¢
7961 %St NN Y Y 1989 €199 00%6 0926 dSSHOEE  NVNL NVS  In 91 ase S0€
€961 641 e FNAY PR Z18S XA 6828 ([L18 dSSHOEE  NVNL NVS 1N 0€ e S0¢
0961 [AA! 00°0 60°0 0Z°'0 8G€9 8Shy 2916 8¢€06 dgTAIRE NVAC NVS 1A [ awe So¢
6561 SN S e Y €LS9 189% 78¢8 1978 dTIIYE  NVAL NVS 1IN ot ane S0¢
0961 FVRE R Y Y %629 196% 9668 0.88 dSSHOEE  NVAC NVS  In 6 Evz4 sog
1961 201 00°0 %°0 09°0 600S L69¢ 82S% 8lHY dSSHOEE  NVAL NVS 1IN 61 q0¢ S0¢
LG61 R SRR Y HANS 00%S 8L0Y% 0009 S6SS dSSHOEE INAVA LN Ye ael SO€
1/61 €6 L RPN FNT 90€S 092y 6219 €409 TIQI0EE INAVA 10 Y ael S0t
1961 Stt RN e YR 068% 6L6¢€ 9709 816S dSSHOEE INAVM LD 61 izt S0¢
9961 cLl SN SN B e 0S€9 TTSsS 0Scy  0Sty dSSHOEE J1n1d i 0€ MT So¢
%961 791 00°0 0L°o 9C°0 1 XAXA 0ceYy LSSIT 90%11  dSSKOEE  NVAL NVS 1o S 49¢ S6C
4IVad  FNALV (AVA ¥3d L3)  (SADYva (FSTOJIINED ¥3d "d°W (1393)avIH HoLLOg dolL dIHS
1S3l -¥3dW3IL ALTALILONGNOD -ITIIW) SADYVAITIIW) 30 "I1V  NI-INHS (133d)TIISIL NOILVIMOA  ALNNOD JLVIS NOILDJS IONVM -NMOL

JI'INVYAXH

ALITISVINYEd

TVAYTINI

NOILYJ01

panuIjuo)--sazajrnbe 510zooTed oIPPIW JOF BIEP 3593 WeIS-ITIId--'01 S1qel

104



7961 B s S ) €659 %20% Y1l O11L TAQTIIEE IHOVAV  ZV 9 a8 NO¥
2961 861 1070 8€°C 08°L €02, GG8L 1068 9088 NNAQOYE STHO0TOA 02 €1 M8T NOY
961 091 SENSEAAN SN SN €02L Hhe8Yy 0058 10%8 dSSHOEE smo10a 02 €1 M8T NOY
2961 o1t 00°0 0Z°0 fA] €02L %€£09 €ETY  966¢C dSSHOEE STIOT0d 00 €1 M81 NOY
%661 SN NN B SN 168y L18€ %19L 1LSL TAQIIEE  NVAC NVS 1IN 6¢ qze S6€
6G61 X X R B 8819 68SY 9%e  €9€¢E dSSHOEE  NVAL NVS 1IN 92 a1 S6¢
%961 Gl1 SR AN SN 286% SZoY 092S 020S dSSHOEE IHOVAV v 8¢ ase N6E
%961 0€T 00°0 S8°0 99°1 G61S LS6E €€19 1%09 Yya1aive JHOVdAV v L aye N6E
%961 HZt ANV ANV e 8226 YZLE 9129 0019 HINVIYE JHOVAV  ZV (48 q€z N6€
8661 B Y P LZES YLEY €09L 8€SL TAQITEE  NVOC NVS 10 9 I€e S8¢
%661 P X T SRR P LTS €€6S 608¢ GlL6E LT6E ¥4T13tye NVAC NVS LN [44 402 S8¢
0lL61 9L1 NN NN NSNS 08SL S90¢L 8128 998L dSSHOEE  VHNZILNOW 0J 9¢ MGT N8¢
8661 NANY SRR Yy EXTEIN 6085 121y 6628 0128 NSOHIEE  NVAL NVS 1IN0 0¢C awe SLE
8661 NN NNNNRNS PN Ny 6086 Z260S €028 0808 TAQTIIEE  NVAL NVS 10 (174 awe SLE
2961 o1l AN MANN NN L0ZS S0LE 0LEYy %81y dSSHOEE NVOC NVS in €e ast SLE
%G61 SRR NI B St 1%9¢L £h6Y L6LL 89LL dSSHOEE VHNZAINOW 0D Lz MLT NLE
w661 SRR NN e SN L9 96€S 69LL O0OTLlL dSSHOEE VHNZAINOW 0D Lz MLT NLE
%G61 PN YR SN SN 9L 96€£S 69LL OlLL dSSHOEE VHNZIAINOW 0) Lz MLT NLE
2661 N NNV B SN L66Y 0L9¢€ 6vel Li€L T10¥0¢€€ aQIa1ddvo In 81 01 S9¢
L6l %6 SRR SR sy 2626 185y 0LES 12€S dSSHOEE  aTIdI1d¥vo  In L1 a9 S9¢
LS61 e R = PN e ) 9298 64%8S LYEY  LYyTYy NSOHIEE  NVOC NVS 1IN 81 q0¢ SGE
6961 S6l SN S NN 0118 Y6€€ ZL0TT GZ011 dSSHOEE aTa149vo In SE MZ SGE
1961 Got SN NN S €068 LT19 08%y  L1vy ¥q4T13I1vE IHOVAV YA S q0€ NGE
1961 [4A! SR B AR €068 LT09 G9SYy YISy HINVIYE JHOVAV  ZV S q0€ NGE
L1961 o1l B YN Y LZ18 %619 rATABR AL HINVIYE JHOVAV  ZV € q0¢€ NSE
1961 0Lt 0070 9€°0 10°1 YoyS 660% 2896 LSS6 dSSHOEE q1a18vo In Z a6 SYE
LS61 PR X T s R G269 L6S9 1266 0786 TAQTIEE  VIVId VI 0D rA% MZ1 NYE
aLva NIV (Avad ¥3d 1d4) (SAJYvVA (ASIOAIINAD ¥ad ~“d°H (1331)AQVAH HOLlLo™ d0L dIHS
LSAL -¥IdNAL XALIAILONANOD ~ITTIN) SXJ¥VAITIIK) 40 "11V NI-INHS (1334)qALSAL NOILVWY0A XLNNOD JILVLIS NOILO3S HINVY -NMOL
II'INVIAAH ALITIGVINYAd TVAYIINI NOILVOO1T

pPanNuUIIU0)--sI8FInbe 2T0Z0d[Bd SIPPIW I0F ®Iep 3S83 WOIS-TTIIF--'01 21qel

105



2961 081 PRI PV YN 1€89 SL8Y 0S001 0%66 dSSHO0EE TINIIW NVS (0] 0€ M61 NS¥
0961 961 Py B NN %299 8008 G8801 G080t NNAJOYE TANOIW NVS 02 92 M6T1 NGY
0961 002 ALY B e %259 6E6Y 0€£901 £8501 NNAGOYE TANOIN NVS 0D 9z M6l NSY
0961 A2} SR B NN L809 9L0S 0LS8 10%8 49TIive TINOIW NVS 0D 91 M81 Ny
€961 6G1 N NN NN 0L19 2599 %96 0166 gq1dive TINOIN NVS (00] 9¢ MLT Ny
6G61 0G1 FNNANNY SN R %09 8¢y 99601 0Z€0t dSSHOEE TANIIW NVS (0] %€ MLT N%%
%961 002 PETTTN 3N PRI ) €T6L 0918 9S001 1966 dSSKOEE TINOIN NVS 00 €1 VAt N%%
LS61 A B s NN R GS6Y 286¢€ L%69 %L[9 dSSHOEE NV NVS ln 1€ 392 Sey
LG61 P TR TTTT Y pra Ty T €228 S80% 0089 0899 dSSHOEE  NVAC NVS  1In €€ (74 SEy
GG61 vy Y- P LTI 806S %60% G269 0089 dSSHOEE NV NVS 1ln 9 ane SEY
8G61 o€l %0°0 ve- Gl 01°0¢€ €0%S L00Y 968S LL8S gd131Ive NV NVS 1ln | ¥4 A4 SEY
8661 0c1 B A NN Y €0%S Z%6¢€ 0885 GLLS ydTaive NVOC NVS in 1z aze SEY
€961 L1t SV P X YRR 0S6% 0S0% i%99 2199 NNAQO%€  NVAC NVS LN 9¢ 302 Sey
%661 B N NN NV 228y 620% 066S 9586 TAQIIEE NVOL NVS 1n Z €T STy
8661 0S1 O prErE PETT IS 000§ 9eeYy 860L 7S69 NSOWIEE  NVAC NVS 1IN L qzz Sty
%661 B NN B R HNNY 8%CS ccey 0809 %109 gya7131ve AHIVAV VA 9 a6 N1y
HS61 T S e vy 84928 Zy0Yy 9429 9€19 NNAQOYE qHOVdAY  ZV 9 36T NIY
2961 B TR e e X ey 26%S 98€Y 0S19 0109 TAQTIIEE JHOVAY Zv (x4 a8¢ N1y
LS61 Y NN SO MNP €206 8ELY 6€9. GISL dSSHOEE NVIC NVS In | ¥4 ase So%
9661 it 00°0 00°1 0T°2 0606 6S0% 6Y%L 08CL TAQTIEE NVIOC NVS 1n v1 kY4 SO%
9G61 R X NN e SGLYy 290% 0%69 %169 NNAQO®E  NVALC NVS 1N Vi q€C SoY
6561 0Z1 00°0 910 82°0 L8EY 906€ G019 G909 dSSHOEE NVOC NVS 1n €¢ a1z So%
LS61 06 RAPNNNL RNy B L61S G89¢€ [4% S 14 £ 3 gqa1II%e NVOL NVS In 8¢ (114 S0%
LS61 PE T T T PrTTTE FETERIE 8816 98G€ 0992 S092 NSUWIEE  NVAC NVS  In 8¢ 302 SoY
%961 GZ1 SYARY S SR 0099 TL6E 0 0 dSSHOEE THOVIV YA'S 81 462 NOY
2961 B . - XY vy vy €659 966¢€ 6€LS G996 dSSHOEE THIVAV  ZV St (Y4 NOY
qLVva  WINLV (AVA ¥3d 1Ld) (SAOYVA (ISIOLIINAD ¥id “d'W  (I3FI)AVAH WOLlod  dOL dIHS
1SAL -YAAWIL ALIAILONANOD -ITIIN) SXOUVAITIIN) 40 "L1V NI-INHS (1333)0ILSIL NOILVIRIOA ALNNOD ALVLIS NOILDAS FAONVY -NMOL

JI'TINVIAAH

ALTTIGVINYAd

TVAYALNI

NOILVJOT

panutiluo)--siejInbe orozosered oIppIll I0j eep 3593 WORS-ITIId--'01 d1qel

106



3«\ .7 JNoe 108°
SANNg R A S
IS e
G - -
< ~TWOYSOMIN G {H}
f och Springs
~ (/S/\ pillgs N\ 'L
Kfj / 2 L 3 2 Qi“;31q7
7 k £ L ;
N 72 “u”“"”Qfﬁijfﬁki
BOUNDARY OF '(a’~ e e Y V\ />
STUDY AREA <”m £\ N 5 ¢
STUBY A8EA 1119 ) e, o R
A l}\\‘ \\ ¢ ; ’///(, f }/;:\“ \, 10%) \\
(ATURN i — [NV .

|y WL i\//, \\MM;J&;}
AT

.

\\; { ) 1’}3}{
i
i

Ritl [k - \%\(\)
| K%&‘“ *“Q“ v
! - \(
()w\

2;1‘1!;&1 T

111}\23»;; ”c,f}“(/)i% A DK ) ’)

25 50 75 100 MILES
1 L 1 )

0
} T T T T
0 25 50 75 100 KILOMETERS

Figure 15.--Location of drill-stem test data for lower Paleozoic
confining layers and aquifers.

107



2661 B s YNNI Y SN 6099 090Y% 112L G80L JIHO0LE ONINOJ0D VA 8¢ awt NLE
1961 062 S T PN R 16GL 0EY8 082S1 99281 JAQ009€  JLLITEANS AM 61 METT N8C
T661 R s~ S RETIEN'S SR 8L69 ZL89 06SL €€6GL YAND0LE NOGYVD XM L M68 N9C
8661 B i e o e ) PN e 6€£0L LYl 9208 G%6L Y9HO0LE NOFJVD AM e M98 NGT
€961 ove BN e ) e e 909L 8696 0LZ6 G916 YgHO0LE ATaINIVO 00 Y4 MEOL SS
ALVa TNLY (AVA ¥3d 14) (SX0¥9vd (ISIOJIINAD ¥3d “d°HW (1331)AvVIH WOlLLog doL dIHS
ISAL -YAdWAL ALIAILONANOD ~ITIIN) SAYVAITIIK) J0 L1V NI-INHS (1334)AILSTL NOILVWIOA AINNOD ALVLS NOILDAS HAONVE -NMOL
IT'INVIAAH ALITI9VINYAd TVAYAILNI NOILVO01

szeyInbe pue siofie] LUTUIFUOD DT0ZOB[Bd JOMO] JI0F BIEBP 31593 WAIS-TIIId--"TT 3| qel

108



SELECTED REFERENCES

Baars, D. L., 1962, Permian System of Colorado Plateau: American Association
of Petroleum Geologists Bulletin, v. 46, no. 2, p. 149-218.

Bowers, W. E., 1972, The Canaan Peak, Pine Hollow, and Wasatch Formations in
the Table Cliff region, Garfield County, Utah: U.S. Geological Survey
Bulletin 1331-B, 39 p.

Bradley, W. H., 1964, Geology of Green River Formation and associated Eocene
rocks in southwestern Wyoming and adjacent parts of Colorado and Utah:
U.S. Geological Survey Professional Paper 496-A, 86 p.

Bredehoeft, J. D., 1965, The drill-stem test--The petroleum industry's
deep-well pumping test: Groundwater, v. 3, no. 3, p. 31-36.

Cashion, W. B., 1967, Geology and fuel resources of the Green River Formation

southeastern Uinta basin, Utah and Colorado: U.S. Geological Survey

Professional Paper 548, 48 p.

1973, Geologic and structure map of the Grand Junction quadrangle,

Colorado and Utah: U.S. Geological Survey Miscellaneous Investigations

Series Map I-736, Scale 1:250,000.

Craig, L. C., 1981, Lower Cretaceous rocks, southwestern Colorado and
southeastern Utah, in Geology of Paradox basin: Denver, Rocky Mountain
Association of Geologists, 32nd Field Conference, Guidebook, p. 195-200.

Denson, N. M., 1965, Miocene and Pliocene rocks of central Wyoming, in Changes
in stratigraphic nomenclature: U.S. Geological Survey Bulletin 1224-A,
p. A70-77.

Denson, N. M., and Pipiringos, G. N., 1974, Geologic map and sections showing
areal distribution of Tertiary rocks near the southeastern terminus of
the Wind River Range, Fremont and Sweetwater Counties, Wyoming: U.S.
Geological Survey Miscellaneous Investigations Map 1-835, 2 sheets.

Denson, N. M., Zeller, H. D., and Stephenson, E. V., 1965, South Pass
Formation on the southwest flank of Wind River Mountains, Wyoming, in
Changes in stratigraphic nomenclature: U.S. Geological Survey Bulletin
1224-A, p. A27-29.

Fouch, T. D., 1976, Revision of the lower part of the Tertiary system in the
central and western Uinta basin: U.S. Geological Survey Bulletin 1405-C,
7 p.

Fouch, T. D., Lawton, T. F., Nichols, D. J., Cashion, W. B., and Cobban,
W. A., 1982, Chart showing preliminary correlation of major Albian to
middle Eocene rock units from the Sanpete Valley in central Utah to the
Book Cliffs in eastern Utah, in Nielson, D. L. ed., Overthrust belt of
Utah: Utah Geological Association Publication 10, p. 267-272.

Grose, L. T., 1972, Tectonics, in Geologic attas of the Rocky Mountain region:
Denver, Rocky Mountain Association of Geologists, p. 35-44.

Hackman, R. J., and Wyant, D. G., 1973, Geology, structure, and uranium
deposits of the Escalante quadrangle, Utah and Arizona: U.S. Geological
Survey Miscellaneous Investigations Map I-744, 2 sheets, Scale 1:250,000.

Handbook of chemistry and physics, 1951, 33d ed.: Cleveland, Chemical Rubber
Publishing Co., p. 1830-1831.

Hansen, W. R., 1969, The geologic story of the Uinta Mountains: u.s.
Geological Survey Bulletin 1291, 144 p.

109



Haynes, D. D., and Hackman, R. J., 1978, Geology, structure, and uranium
deposits of the Marble Canyon 1° x 2° quadrangle, Arizona: U.S.
Geological Survey Miscellaneous Investigations Series Map I-1003, Scale
1:250,000.

Haynes, D. D., Vogel, J. D., and Wyant, D. G., 1972, Geology, structure, and
uranium deposits of the Cortez quadrangle, Colorado and Utah: U.S.
Geological Survey Miscellaneous Investigations Series Map I-629, Scale
1:250,000.

Hintze, Lehi, 1973, Geologic history of Utah: Provo, Utah, Brigham Young
University Geology Studies v. 20, pt. 3, 181 p.

Horner, D. R., 1952, Pressure buildup in wells, in Proceedings of World
Petroleum Congress (3rd), The Hague, Netherlands, 1951: Sec. 1II,
p. 503-521.

Johnson, R. C., and May, Fred, 1980, A study of the Cretaceous-Tertiary
unconformity in the Piceance Creek basin, Colorado: U.S. Geological
Survey Bulletin 1482-B, 27 p.

Kent, H. C., and Porter, K. W., eds., 1980, Colorado geology: Denver, Rocky
Mountain Association of Geologists, 258 p.

Knight, R. L., and Cooper, J. C., 1955, Suggested changes 1in Devonian
terminology of the Four Corners area, in Geology of parts of Paradox,
Black Mesa, and San Juan basins: Four Corners Geological Society 5th
Field Conference, Guidebook, p. 56-58.

Lines, G. C., and Glass, W. R., 1975, Water resources of the Thrust Belt of
western Wyoming: U.S. Geological Survey Hydrologic Investigations Atlas
HA-539, 3 sheets, Scale 1:250,000.

Lohman, S. W., 1972, Ground-water hydraulics: U.S. Geological Survey
Professional Paper 708, p. 3-6.

Love, J. D., 1970, Cenozoic geology of the Granite Mountains area, central
Wyoming: U.S. Geological Survey Professional Paper 495-C, 154 p.

Love, J. D., and Christiansen, A. C., 1980, Preliminary correlation of
stratigraphic units used on 1° x 2° geologic quadrangle maps of Wyoming,
in Stratigraphy of Wyoming: Casper, Wyo., Wyoming Geological
Association, p. 279-282.

Love, J. D., Christiansen, A. C., Bown, T. M., and Earle, J. L., compilers,
1979, Preliminary geologic map of the Thermopolis 1° x 2° quadrangle,
central Wyoming: U.S. Geological Survey Open-File Report 79-962, Scale
1: 250,000.

Maclachlan, M. E., 1981, Stratigraphic correlation chart for western Colorado

and northwestern New Mexico: Socorro, New Mexico Geological Society 32nd

Field Conference, Guidebook, p. 75-79.

1984, General geology of the Piceance basin, in Taylor, 0. J., compiler,

U.S. Geological Survey Professional Paper 1310 [in press].

Matthews, C. S., Russell, D. G., 1967, Pressure buildup and flow tests in
wells: New York, Society of Petroleum Engineers of AIME, 167 p.

Molenaar, C. M., 1981, Mesozoic stratigraphy of the Paradox basin--An
overview, in Geology of the Paradox basin: Denver, Rocky Mountain
Association of Geologists, 32nd Field Conference, Guidebook, p. 119-127.

110



Molenaar, C. M., and Halvorsen, D. U., 1969, Nomenclature chart of the Grand
Canyon and adjacent areas, in Geology and Natural History of the Grand
Canyon Region: Four Corners Geological Society, 5th Field Conference,
Guidebook, p. 68.

Mutschler, F. E., 1969, Desolation and Gray Canyons: Denver, Powell Society,

85 p.
Nelson, M. E., 1973, Age and stratigraphic relations of the Fowkes Formation,
Eocene, of southwestern Wyoming and northeastern Utah: Laramie,

University of Wyoming, Contributions to Geology, v. 12, no. 1, p. 27-31.
Oriel, S. S., and Platt, L. B., 1980, Geologic map of the Preston 1° x 2°
quadrangle, southeastern Idaho and western Wyoming: U.S. Geological
Survey Miscellaneous Investigations Series Map I-1127, Scale 1:250,000.
Oriel, S. S., and Tracey, J. I., Jr., 1970, Uppermost Cretaceous and Tertiary
stratigraphy of Fossil basin, southwestern Wyoming: U.S. Geological
Survey Professional Paper 635, 53 p.

0'Sullivan, R. B., and Beikman, H. M., 1963, Geology, structure, and uranium
deposits of the Shiprock quadrangle, New Mexico and Arizona: U.S.
Geological Survey Miscellaneous Investigations Series Map I-345, Scale
1:250,000.

Peterson, Fred, and Pipiringos, G. N., 1979, Stratigraphic relations of the
Navajo Sandstone to Middle Jurassic Formations, southern Utah and
northern Arizona: U.S. Geological Survey Professional Paper 1035-B, 34 p.

Pipiringos, G. N., and Denson, N. M., 1970, The Battle Spring Formation in
south-central Wyoming: Casper, Wyoming Geological Association, 22nd
Annual Field Conference, Guidebook, p. 161-168.

Pipiringos, G. N., and 0'Sullivan, R. B., 1978, Principal unconformities in
Triassic and Jurassic rocks, western interior United States, a
preliminary survey: U.S. Geological Survey Professional Paper 1035-A,
29 p.

Reynolds, M. W., 1976, Influence of recurrent Laramide structural growth on
sedimentation and petroleum accumulation, Lost Soldier area, Wyoming:
American Association of Petroleum Geologists Bulletin, v. 60, no. 1, p.
12-33.

Rocky Mountain Association of Geologists, 1972, Geologic Atlas of the Rocky
Mountain region: Denver, 331 p.

Roehler, H. W., 1973, Stratigraphy of the Washakie Formation in the Washakie

basin, Wyoming: U.S. Geological Survey Bulletin 1369, 40 p.
1974, Depositional environments of rocks in the Piceance Creek basin,
Colorado, in Energy resources of the Piceance Creek basin, Colorado:
Denver, Rocky Mountain Association of Geologists, 25th Field Conference,
Guidebook, p. 57-64.

Rowley, P. D., Anderson, J. J., and Williams, P. L., 1975, A summary of
Tertiary volcanic stratigraphy of the Southwestern High Plateaus and
adjacent Great Basin, Utah: U.S. Geological Survey Bulletin 1405-B,
20 p.

Rowley, P. D., Tweto, Ogden, Hansen, W. R., and Carrara, P. E., 1979, Geologic
map of the Vernal 1° x 2° guadrangle, Colorado, Utah, and Wyoming: U.S.
Geological Survey Miscellaneous Field Studies Map, MF-1163, Scale
1:250,000.

111



Rubey, W. W., 1973, New Cretaceous Formation in the western Wyoming Thrust
Belt: U.S. Geological Survey Bulletin 1372-1I, 35 p.

Rubey, W. W., Oriel, S. S., and Tracey, J. I., Jr., 1975, Geology of the Sage
and Kemmerer 15-minute quadrangle, Lincoln County, Wyoming: u. S.
Geological Survey Professional Paper 855, 118 p.

Shawe, D. R., Simmons, G. C., and Archbold, N. L., 1968, Stratigraphy of Slick
Rock district and vicinity, San Miguel and Dolores Counties, Colorado:
U.S. Geological Survey Professional Paper 576-A, 108 p.

Stewart, J. H., Poole, F. G., and Wilson, R. F., 1972, Stratigraphy and origin
of the Chinle Formation and related upper Triassic strata in the Colorado
Plateau region: U.S. Geological Survey Professional Paper 690, 336 p.

Swanson, R. W., Hubert, M. L., Luttrell, G. W., and Jassen, V. M., 1981,
Geologic names of the United States through 1975: U.S. Geological Survey
Bulletin 1535, 643 p.

Tweto, Ogden, 1976, Geologic map of the Craig 1° x 2° quadrangle, northwestern
Colorado: U.S. Geological Survey Miscellaneous Investigations Series Map
1-972, Scale 1:250,000.

Upper Colorado Region State-Federal Inter-Agency Group, 1971, Upper Colorado
region comprehensive framework study, Appendix I and Appendix II:
p. II-1-15.

Weiss, Emanuel, 1982, A computer program for calculating relative-
transmissivity input arrays to aid model calibration: U.S. Geological
Survey Open-File Report 82-447, 18 p.

Welder, G. E., and McGreevy, L. J., 1966, Ground-water reconnaissance of the
Great Divide and Washakie basins and some adjacent areas, southwestern
Wyoming: U.S. Geological Survey Hydrologic Investigation Atlas HA-219, 3
sheets, Scale 1:250,000.

Wengerd, S. A., and Strickland, J. W., 1954, Pennsylvanian stratigraphy of
Paradox Salt basin, Four Corners region, Colorado and Utah: American
Association of Petroleum Geologists Bulletin, v. 38, no. 10,
p. 2157-2199; Correction, v. 39, no. 2, 1955, p. 259.

* U. S. GIVERNMENT PRINTING OFFICE: 1986-773-360 112



