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INTRODUCTION

The goal of the State Coupled Resource Assessment Program is to identify
and evaluate geothermal resources in the state, particularly low-temperature
potential. Eight tasks were identified and documented in this report as
follows:

TASK ONE: Bottom-hole Temperature Survey

TASK TWO: Heat Flow and Temperature Gradient Survey

TASK THREE: Data Translation Studies

TASK FOUR: Gravity Data

TASK FIVE: Substate Regions

TASK SIX: Information Dissemination

TASK SEVEN: State Geothermal Map

TASK EIGHT: Reports
The project had three major products; (1) a map "Geothermal Resources of
Nebraska," (2) a significant amount of thermal data collected and documented
within the state, and (3) a series'of publications, presentations and meetings

(documented as an Appendix).

jv




TASK ONE
Definition

Task one was to complete a survey for available bottom-hole temperature
data (BHT), produce a map showing the location of these data, and

construct/contour maps depicting temperature versus depth.
Procedure

Bottom-hole temperature data are a part of the information submitted for
holes drilled for oil, gas, minerals and water. The data files for the individ-
ual holes were entered into computer storage. Appropriate software was designed
for input, edit, retrieval and display. Maps were produced from this data set

and compared to other similar products.

Results

More than 15,000 deep holes have been drilled in Nebraska in search of oil,
gas and other minerals. Most of these holes were logged with some type of
mechanical survey. The headings of these logs contain reference data pertaining
to hole conditions and bottom-hole temperature (BHT). Tens of thousands of
holes have been drilled as water wells, but these tests are usually quite
shallow and rarely note significant temperature data. Thus, the deep hole data
set was the major source for the BHT inventory.

The distribution of the BHT data points per county is illustrated on Figure

1-1. A state map (1:500,000) showing location of the deep wells with BHT data

is included in the contract report and is available from the Conservation and
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Survey Division. A software management system was created in order to structure
this BHT data set and provide a variety of procedures for input-output, editing
and manipulation. An example of output for one well is illustrated in Figure
1-2. The abbreviations utilized are those common to the petroleum industry and
definitions are available. Reference numbers are shown for key to storage for
each entry. Those for county reference are included on Figure 1-1 and listed on
Table 1-1. An example of selected information extracted for interpretation of
BHT is shown on Figure 1-3. This sample well could be used as point source data
or combined with similar printouts for special data sets.

The BHT data management system can also be interfaced with statistical or
graphics software for interpretative studies. Formation tops, as noted on
Figure 1-2, can be extracted with BHT and related to the stratigraphic section
in Nebraska, Figure 1-4. Distribution of BHT patterns can also be mapped and
compared with distribution of major rock units (Figure 1-5). Variations of BHT
with depth have been compared to the major structural trends as shown on Figure
1-6.

Of obvious interest in the context of resource development is the geother-
mal gradient. Figure 1-7 is the average annual surface temperature. A selected
BHT data set was compiled and interpreted (AAPG 1976) to produce a national
geothermal gradient map. The Nebraska portion of the AAPG map is generalized on
Figure 1-8. A similar map was constructed from our current BHT data set (Figure
1-9). The trends'and general forms of subsurface temperature anomalies have a
good correlation between Figures 1-8 and 1-9.

There are, however, significant differences in gradient values. At least
part of this variability is due to the correction values utilized for the AAPG
study and because their study was based upon selected wells. However, an
interpretation utilizing all data is difficult due to the inconsistency of the

data. These concerns are discussed under Task Three. These factors as well as

3



NEBRASKA COUNTY: #x##sss###l SEC TNF/N  RNG ~LOCATION- LAT. 30232093204

TQP CARD NUMBER: ##4##134 #2 #3 ##4 #T5-#b-#7—-#8-%2 LONG, ! 20S-3230&207
FARM: -WELL NO.- -ELEVATION- -~ — DEFPTH - - - ~AFI NO.-
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Ty R I s T Y] PRODUCING FM. S 3:43636 304830 20 3 4 340 36 3 36 36 3 D4, -ZTATUS-
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CoMP  :22-323-24 MCFLD s ###28 #1&-#17-18
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dtEdE it IR 1D -WILDCAT- @ = = = = = = - - DATA ON FILE = - = = = = « =
WA N R HZ20 Sé& REFORTS: -LOGS- BASIS FOR FM. TOFRS 50
WCR 25 ES :42 ELECTRIC LOG : 51
- — —=DOWNHOLE DATA- - - - PA 1324 IES 142 SAMFLE STUDY H
DATE LOG RUN t13+1221323 a 127 ML :44 OFERATORS REPT. :53
BOTTOM LOG INTERV. :###57 < HREE LL :4%5 SCOUT REPORT 154
SURFACE MUD TEMF.(F) :#52 snoo 3w I 44
BHT (F) $REY oL 240 R :47  RECD. EBY:=#49
BHT ELEVATICN 2RO LT 41 OTHER : sttt n e a4 INFUT BY: 136
HRSZ. SINCE CIRC. HE 2 2 T GOOD: 135S DATE: 137-13@139
———————————————— FORMATION TOFS - ~ = = = = = = = —« = —« « -~
TOP QF: DEFTH: ELEV: TOF OF: DEFTH: ELEV:
- = TERTIARY — ~ ——ts##sLl 2444209 — — PENNSYLVANTIAN——3#%#20 #3##310
- — CRETACEOUS -~ —=—a##L2 t#a#3ll WABALINSEE DauEP] o ER#31T
FIERRE DEHHLD T EEETLI TARK IO THHHDT L H##TLA
NICEBRARA DHHHAL TRERIILS HOWARD SHEHII THHNTLIA
FT. HAYZ SEHELT IHWRI}T SHAWNEE DHEHTL P20
CODELL HE S LYY 2 L V) DEER CREEK SEH#HDT I ###320
CARLILE R 2 VAR 2 1 Cima OREAL S HEUDL I HEHRTIZ
GREENHORN DHUFET DHRHRTLT DOUGLAS IHEHDT L Ru324
GRANEROS SRHIELT I HRHIZT LANSING DHEHEDI I AR#Z2E
X< BENTONITE THHRTO THHRITT KANSAS CITY S HEHTD I RHRZ2E
DAKOTA 0V~ SHH#T] PHFRIDD WYANDOTTE t##100 ###330
HLUNTZMAN THRRTD WINTERSET tE#101 P #uaS32
nDAkaTA ~J7 LR 2 LY BAZE KANSATS CITY tH107 suuuI24
SKULL CREEFE taun74 MARMATION tEIOZ #3336
FALL RIVER 2 4] CHERCOEEE t##104 #3328
FIUSON tux124 ATOKEA t #1005 ##e340
LAKOTA PHH125 raur34] MORROW SH#104 P HRu342
- = JURASSIC - — —=—3###74 ##ax24z - = MISSISSIFRPIAN——:##107 :##%#344
MORRISON Suuu77 P u#u245 MERAMELC - OSAGE t#103 ###346
SUNLDANCE SHRNT7S #IT47 KINDERHOCOK TH#1QT #8348
- — TRIASSIC — — ——3###79 2##u247 - — DEVONIAN — — ——2##111 :###350
- — PERMIAN - -~ - —i###20 2###35]1 CHATTANOOGA sl 10 2 #enTS2
CIMARRON THFHI] 2 HERBIST HLNTON s##126 #8354
BLAINE (MINNEKHATA) ! ###32 : #3##355 - = SILURIAN — — ——s##112 2 ###356
STONE CORRAL SHHHIT L HHHIST - = OROCOVICIAN - ——31##112 :###358
WELLINGTON SH#HHE4 D HERTED MADLUOKEETA (SYLVAN) :##127 :###360
CHASE (HERINGTON) = ###8G :##x24] GALENA (VIOLA) su#114 #uu362
FORT RILEY DG o #ERTALD DECORAH (SIMPSON)  s##115 :###364
COUNCIL GROVE DHHHET P HHATLS 2T. FETER (WILLCDOX) :##11é s###3b6
COTTONWOOD DaHHIS 2 HHHTLT LIFFER ARBLCEKILLE #4117 2###368
AOMIRE S HEHTY LRIV - - CAMEBRIAN - — ——:##118 :###370
LOWER ARBUCKLE d#3#119 ##u371
ADDITIONAL DATA: LAMOTTE (REAGAN) DRR1Z0 R#R3TT72
(NCDFBMUOE):#xsts#s122 -~ — FRECAMEBRIAN — —:##122 1###374
COMMENTS S #3333 % # 4 33 # 383 1 2D WEATHERED HE 2 S e IR Y2 Icy dc]
FRESH IR#IZT CHR#I7H
4 Figure 1 -2




REFERENCE NUMBERS FOR COUNTIES

IN DEEP WELL DATA SET

i. ADAMS 43. JEFFERSON
2. ANTELOPE 47, JOHNSON
2. ARTHUR S0. KEARNEY
4. BANNER 51. KEITH
5. BLAINE 5Z. KEYA PAHA
. BOONE 52. KIMBALL
7. BOX BUTTE S4. KNOX
. BOYD 55. LANCASTER
?. BROWN S46. LINCOLN
10. BUFFALO 57. LOGAN
11. BURT 53, LOUP
12. BUTLER S9. MADISON
132. CA=S &0, McPHERSON
14. CEDAR no records 2/31/2832 &1, MERRICE
15. CHASE &2. MORRILL
14. CHERRY &2, NANCE
17. CHEYENNE -4, NEMAHA
12, CLAY (5. NUCKOLLS
19. COLFAX &6, OTOE
20. CUMING 4~7. PAWNEE
21. CUSTER 3. FERKINS
22« DAKOTA 9. PHELPS
23. DAWES 70. PIERCE no records Z/3231/83
24. DAWSON 71. PLATTE
25. DELEL 72. FPOLEK
26. DIXON no records 3/31/83 73. REDWILLOW
27. DOOGE 74. RICHARDSON
23. DNUGLAS 75. ROCE
29. [DUNDY 7L ZALINE
20. FILLMORE 77 . SARPY
Z1. FRANKLIN 7%. SAUNDERS
22. FRONTIER 7. SCOTTS BLUFF
Q, 33. FURNAS 20. SEWARD
g 24. GAGE 21. SHERIDAN
3 25. GARDEN 22. SHERMAN
i 26. GARFIELD 32. SIaux
? 27. GOSPER 24, STANTON
: 23, GRANT 35. THAYER
2%. GREELY S6. THOMAS
40. HALL 27. THURSTON
41. HAMILTON no records 2/31/23 3&8. VALLEY
2. HARLAN 239. WASHINGTON
43. HAYES 20. WAYNE no records 3/321/82
44, HITCHCOCK 21. WEBRSTER
4%, HOLT ?2. WHEELER
4L, HIIKER 93, YORK
47 . HOWARD
Jable 1 -1
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Figure 1 - 3
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the contrasting values obtained from site specific data collected during the
project forestalled a major effort for detailed gradient studies based on BHT

data.
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TASK TWO
Definition
Task Two was to supplement and verify the existing heat flow and tempera-
ture gradient data base.
Procedure

Monitor holes were installed and measurements were made on shallow and deep
holes-of-opportunity. Studies were focused on areas with a lack of verified
data and in areas which have a user-population base and a possible geothermal

resource.
Results

Introduction--It became apparent early in the project that the available

data base was inadequate to evaluate Nebraska's geothermal resources. There was
however a high level of expertise within the project staff, as a group, to pro-
perly collect, document and evaluate additional data. Institutional relation-
ships were also supportive in gaining access to data collection opportunities.

A significant portion of the project was devoted to this effort. Figure 2-1
summarizes the site specific data collection program.

Project Holes--Sites were selected across the state (Figure 2-2) for test

drilling to determine rock character and obtain geothermal data. An environmen-
tal assessment was made to determine the impact of this project activity
(Appendix 2-1). Twenty four sites (Table 2-1) were established consisting of

holes containing one-inch (I.D.) standard weight black steel casing. Samples

14
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Test Hole Number

168-78
178-78
19H-78
24H-78
38-79
39-79
40-79
41-79
42-79
18-B-79
24-8-79
1aGT-80
26T-80
36T-80
46T-80
56T-80
6GT-80
76T-80
86T-80
9GT-80

10GT-80
11GT-80
12GT-80
13GT-80

PROJECT TEST HOLES

County

Sheridan
Sheridan
Lincoln
Lincoln
Otoe

Cass
Richardson
Pawnee
Pawnee
Sheridan
Sheridan
Boyd

Keya Paha
Cherry
Holt
Wayne
Burt
Dodge
Lancaster

Dawes

Morrill
Cheyenne
Garden

Deuel
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NE,SE,
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SE,SW,
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NE,NW,
SW,SW,
SW,SHW,
NW,NE,
SW,NW,
SE,SW,SE,
SE,SW,NW,
NE,SE,SW,
NW NW ,NW,
SE,SW,NE,
NE,SW,NE,
SW,NW,NW,
SW,SE,SM,
SE,SE,SE,
NW ,NW ,NW,
SE,SE,SE,
NW,SW,NW,

NC,NW,SE,

secC.

secC.

secC.

sec.

sec.

secC.

secC.

sec.

sec.

sec.

secC.

sec.

sec.

sec.

sec.

sec.

sec.

secC.

sec.

secC.

sec.

sec.

secC.

sec.

13, T 30 N, R 46
31, T 33 N, R 45

36, T 12N, R 29

e

36, T 10 N, R 27

9 N, R13

[=)]
-
—t

10 N, R 13
3N, R 14

IN,R 9

(8]
H
.

3N, R12
24, T 34 N, R 42
1, T 30 N, R 42

24, T 35 N, R 15
32, T 35N, R 20
28, T 34 N, R 27
T 28 N, R 11

14, T 26 N, R 3
6, T2 N, R 9

32, T18N, R 8
22, T 8N, R &
-2, T 32 N, R51

6, T 21 N, R 3I

33. T 14 N; P 49 v“'

26, T 17 N, R 4%
26, T 13 N, R 42

Table 2 - 1



and various mechanical/electrical surveys were obtained to determine the nature
of the strata and their contained water. Correlated lithologic sections for
each project hole are provided in Appendix 2-2. A summary of the sample
description for each hole is provided in Appendix 2-3.

These project holes and several other wells were measured to determine heat

flow (Table 2-2). Temperatures were recorded to the nearest 0.01 K at 5 m
intervals with a thermistor probe. Temperature gradient charts for each well

are provided in Appendix 2-4. Sample cuttings were submitted for thermal con-
ductivity measurements. For intervals and wells without available rock samples,
estimates were made based on local stratigraphy. Heat flow for most of Nebraska
ranges from 40 mW/m~2 to 60 mW/M'Z. Several laterally extensive areas with heat
flows as high as 120 mW/m~Z have been delineated within the sedimentary
section.

Other Selected Wells--Over 100 shallow wells and 12 deep wells were

measured to determine equilibrium temperatures (Figure 2-1). Temperature gra-
dient charts for the deep wells are provided in Appendix 2-5. Tables of thermal
gradient data for shallow wells are provided in Appendix 2-6. A1l of these data
were obtained from non-producing wells either shut-in oil/gas wells, mineral
exploration holes or shallow water table observation wells. The equilibrium
temperatures were combined with heat flow data, thermal conductivity data and
Jithostratigraphic information to provide an interpretation on the thermal
regime of Nebraska. In addition to specific items cited in the project
bibliography, a map delineating "Geothermal Resources of Nebaska" was published

in 1982 in cooperation with the National Oceanic and Atmospheric Administration.
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Locality

Box Elder Zzrnvon
Gothenburg
Big Sprirgs
Sidney
Lisco
Bayard
Whitney
Naper
Valentire
Springviex
Gordon
Rushville
White Clay
Hay Strirnzs
Cross Rarch
Milldale Rearnch
O'Neill
Wayne
Oakland
Fremont
Bennet

Union-north

Union-south
Stella
Table Recck
Liberty
Elk Creek

Latitude

Longitude

40°57.58"
40°%47.16
42° 4,15
41° 8.09'
41°25.13
41°49,70"

42°58.75
42°54.08
42°57.75'
4205k .94
42°36.65
152°47 42"
423,23
41°36.36
451°39.70"
42°26.15
42°13.77
41°49 .46
41°29.50°
40°38.40"
40°51 42"

40°46. 20"
40°11.15"
40°49.,05
40° 3,00
40°15.90

100°34.40
1oo°zo.5o:
102° 5.87
102°56.11
102°33. 50
103°17.00

99° 1,39
100°30. 25
99%2.35'
102°12.29"
102°12.,26'
102°39.43"
102°38.88'
101°48. 20
101°28.68"
98°38.97"
97° 2.53
96°27.30
96°33. 44"
96°30.79
95°48.91"

95°59.64
95°50.00
96° 4,58
96°27.50
96°10.97

Gradient(qepth Conductivity
(fkm) RSV /K
27 Lg-225 2.7-1.7
30 10-235 2.7-1.7
59 10-135 2.7-1.7
52 20-180 2,7-1.7
47 10-189 2.7-1.7
60 90-153 2.7-1.7
66 10-153 2.7-1.7
86 10-155 1.7
64 25-150 2.7-1.7
109 10-145 1.7
48 10-185 2.7-1.7
38 120-200 2.7-1.7
48 10-235 2.7-1.7
4s 10-235 2.7-1.7
sk 200-570 1.7
49  240-470 1.7
50 105-150 1.7
62 65-115 1.7
9 75-140 4.2
i5 60-115 4,2
28 10-150 2.4
23 95-100 2.4
20 120-125 2.9
23 75-80 2.4
30 60-80 1.8
18 140-155 3.0
30 120-145 1.7
32 200-240 3.3

Heat Elow
nW/m
73-46
81-51

159-100

140-88

127-80

162-102

178-112

146

173-109

185

130-82

103-65

130-82

122-77
92

83

85

105

38

63

67

55

58
55
Sk
Sk
51

106
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TASK THREE

Definition

Task three was to define relationships among bottom-hole temperature data,
known geohydrology and measured deep well temperatures. Uniform characteristics
within and between data sets would be defined. Software programs would be uti-
lized to make statistical translation of petroleum industry bottom-hole tem-
perature data into real-value temperatures. A summary interpretation of the
validity, application, and limitations of these integrated data sets would be

made as they relate to geothermal potential in Nebraska.
Procedure

The bottom-hole temperature data set (BHT) for Nebraska consists of over
14,000 tests drilled by the petroleum industry. The major focus of the study
was the relation between the uncorrected BHT data and the temperature data
collected during the project. The procedures and assumptions for data collec-
tion and several products derived from these data were reviewed. A summary and
analysis of the relationships was prepared (Gosnold, 1982) and is discussed

below.

Results

Heat Flow Projections As a part of the project, a number of heat flow

measurements were made in shallow wells. These data were plotted and compared

to BHT data in nearby deep wells. An example of these comparative data are
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illustrated in Figure 3-1 for a series of wells in western Nebraska. Two some-
what deeper wells are illustrated in Figure 3-2 for west-central Nebraska.
Figure 3-3 is a location map for the well data on the previous figure.
Extrapolation of the equilibrium gradients to the equivalent depths of the
deeper data shows that the BHT data are generally 10°C to 20°C lower.

Direct Temperature During the course of the study, fourteen deep wells

that were comparable to those tests in the BHT data were measured after they had
attained thermal equilibrium (Appendix 2-5). These temperature-depth plots were
compared with the BHT data nearby, in most cases within a six mile radius. The
general conclusion was that the BHT data is lower by several tens of degrees
when compared to actual formation temperature.

Derivative Maps A comparison of geothermal gradients and temperatures on

top of the Dakota Group was made between measured values and BHT data as
portrayed on the A.A.P.G. Geothermal Gradient Map of North America. The
geothermal gradient existing above the Dakota Group (Cretaceous) is illustrated
on Figure 3-4 on the basis of equilibrium temperatures measured at the sites
indicated. A comparable portrayal of data (Figure 3-5) was obtained by con-
verting the published map of North America (A.A.P.G., 1976) from English units
to S.I. units and to the nearest integer. Values are significantly different
between the two maps and a number of apparent anomalys are present on the
Nebraska portion of the national map.

A similar set of maps was constructed illustrating temperature data on top
of the Dakota Group (Cretaceous). The trends are similar between the map based
on project data (Figure 3-6) and the illustration (Figure 3-7) derived from the
national map. There is however a significant difference in values.

Summary A number of studies have focused on statistical methods to correct

BHT data. However when several of these methods were applied to the Nebraska

BHT data set and compared to measured data, results were disappointing. The
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3-4 Geothermal gradient (interval -
10°C/km) above the Dakota Group, mea-
sured sites indicated.

3-5 Geothermal gradient derived from
Map of North America (AAPG, 1976).

\)

40
3-6 Temperatures on top of the DBakota
Group (interval - 10°C) based on mea-
sured values.

1000 70
0 30,4

)

%

X
) 3-7 Temperatures on top of the Dakota
Group (interval - 10°C) derived from
Map of North America (AAPG, 1976).
A

Figures 3 - 4,5,6,7
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variance from the national map (A.A.P.G., 1976) can partially be explained by
the inappropriate corrections applied for thermal conductivity of the sedimen-
tary section. Of more concern is the apparent inconsistency in recording BHT
data for each well.

In a total of more than 14,000 well logs, few instances were found where
the elapsed time since circulation was not recorded in one hour increments. The
elapsed time is a critical factor in deriving a corrected value. The recorded
mud temperatures are also suspect as indicated by the frequency of occurrence of
certain temperatures. This phenomenon is observed for all areas of our study
and raise questions as to the validity of the data and the feasibility of
correcting the data. It is especially‘disturbing that the "common" temperatures
fall within the bulk of the data and would not be considered suspect in sta-
tistical treatment of the data. ‘

Using BHT data as filed or even as corrgcted by the A.A.P.G. gradient map
would underestimate the low temperature geothermal resource of Nebraska by
about 80%. Correction programs were attempted for the BHT data, both statisti-
cal and based on the geohydrology. Unfortunately the problem seems to lie with
the fact that the BHT information is not scientifically recorded and is
therefore not susceptible to structured analysis. Data users should be aware
that BHT data sets, at least in Nebraska, tend to underestimate both the actual
formation temperature and the geothermal gradients and would thus over]ook.a

significant portion of the low temperature geothermal resource.
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TASK FOUR
Definition

Task Four was to compile existing gravity data for the state, relate these
data to basement rock configuration and rock type and determine implications for

geothermal resources.

Procedure

Both published and file data from the Conservation and Survey Division were
compiled at appropriate scale and contour interval. An additional evaluation of
gravity data was assembled under Gosnold's direction. All of these data were

compared, analyzed and produced at appropriate scale for this report.

Results

Geothermal resource, particularly those at high temperature, can be related
to a thermal anomaly in the underlying basement rock in many areas of the world.
In these instances, basement heat sources are created either by a genetic rela-
tionship to deep-seated materials or by the inherent geochemical characteristics
of the rock. It was anticipated that any significant heat flow data measured
in Nebraska could be related to basement rock characteristics.

As a corollary to this activity, it was felt that a better understanding
of the basement rock would allow a predictive analysis of potential geothermal
resources. Basement rock type (Figure 4-1) and configuration data (Figure 4-2)

had been interpreted by Carlison (1969) primarily from deep well data. Gravity

data had become available which allowed Burchett (1982) to publish a 5 milligals
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contour map of the state based upon an assumed density of 2.67g/cm3 (Figure
4-3). A second interpretation of gravity data was prepared under Gosnold's
direction utilizing an assumed density of 2.Zg/cm3 (Figure 4-4).

The more intensive integration of these data for this research project was
not pursued for the following reasons: 1) the initial map products did not
indicate any significant new correlation of gravity and known basement rock; 2)
all of the expected derivative maps were not created due either to lack of
expertise or processing constraints; and 3) the heat flow patterns provided from
site measurements did not indicate that there was a direct genetic relationships
with underlying basement rock.

It should be noted, however, that the Precambrian terrain is highly complex
in parts. of Nebraska. Even though our statewide inventory did not identify
obvious areas of relationships, site specific research could yield the potential
for local geothermal resources. These developments might result from new low-
temperature technology, a hot dry rock project, or possible exploitation of deep

drilling into the metasediments.
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TASK FIVE

Definition

Task Five was to compile available geoscience information pertinent to
geothermal resources and interpret it for selected substate regions of the

state.

Procedure

Data were collected for heat flow, thermal gradient, bottom-hole tem-
perature, stratigraphy, thermal conductivity, structure, geophysics and aquifer
characteristics. A synthesis of these data indicated that Nebraska contains
broad areas of consistent patterns of geothermal resources rather than site spe-
cific or substate regions. Efforts were focused upon the preparation of a
state-wide perspective and the creation of a data base for specific project eva-

luation as the interest emerges.

Results

The product considered most suitable for the current user-audience was the
state map at a scale of 1:500,000. This map, "Geothermal Resources of
Nebraska," was published in 1982 and over 4,000 copies have been distributed.
It has proven to be the appropriate product to make visable the availability of
low-temperature thermal water and has established a continuing interest in the

potential for development of geothermal resources.
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The base data for the various geoscience and thermal information activities
have been presented in the designated Task Sections within this report. Other,
more technical or interpretative products have been published in appropriate
journals. Other application-oriented products have been submitted to the annual
State Coupled Resource Assessment Workshops. Of particular interest for poten-
tial resource development are the heat flow data provided on Figure 5-1. Two
areas of significance are generally outlined by the shaded areas. Across
western Nebraska is an area where heat flow appears to range from 80-120 mWm-2
which reflects the Denver Basin. In north Nebraska, values were obtained in
excess of 120 mWm=2.

The other resource requirement in addition to heat flow is a suitable
aquifer. The Pleistocene and Tertiary (Ogallala) groundwater reservoirs, the
major aquifers utilized in Nebraska, have little potential as a geothermal
resource by current definition. The Dakota Group (Cretaceous) has both the
aquifer potential and the thermal characteristics to serve as a low-temperature
resource in the western half of the state (hachured line, Figure 5-1). Other,
less well-documented groundwater reservoirs, are the Paleozoic rocks in the
deeper basinal areas. An example would be the Madison Group (Mississippian in
northwest Nebraska). A thick sequence of Precambrian metasediments in eastern
Nebraska have yet to be adequately investigated.

It was the conclusion of this inventory program that the Dakota Group has
the most immediate potential as a geothermal resource (Figure 5-2). One project
in western Nebraska has received preliminary approval for the state-supported
grant program. An activity which tends to promote interest in geothermal energy
is the expanding utilization of groundwater heat pumps. As in many other areas,
the potential for hot dry rocks projects exists in Nebraska but no interest has

been expressed. The vast resources of low-temperature thermal waters could
however undergo rapid development if a technological or cost-effective utiliza-

tion became available to displace current energy sources.
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TASK SIX

Definition

Task Six was to disseminate geoscience information about the geothermal

resource in Nebraska.

Procedure

A major function of the Conservation and Survey Division is to serve as a
technical date and information base for natural resources. The new geothermal
data, general background and potential applications in Nebraska were all
integrated into the Division's information system. Activities were carried out

locally, statewide, nationally and internationally.

Results

Many of the formal information dissemination activities are documented in
Appendix 6-1. This compilation includes: Publications, Presentations, Meetings
Attended, and Meetings Sponsored. There were, of course, a number of informal
information service contacts and media coverage integrated with other
geoscience, energy and environmental programs.

A major publication was the map "Geothermal Resources of Nebraska"
published in 1982 in cooperation with the National Oceanic and Atmospheric
Administration. Over 4,000 copies of this map have been distributed. By use of

diagrams, inset maps and area discussion; this publication served a wide variety
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of informational and educational needs. Other more formal publications dissemi-
nated both Nebraska data as well as resource interpretations to a more technical
audience.

No site-specific or substate regional reports were published. Instead the
state map was supplemented with materials provided to local media. Both the
data collection acgivity as well as project interpretations were given high
visibility. A two page article was published in the Nebraska Farmer (McCabe,
1982) other statewide coverage was provided by numerous articles in the major
newspapers of Omaha and Lincoln. A geothermal fact sheet was distributed
through the Cooperative Extension Service (Burbank, 1982, copy included).

An obvious response to the information provided by this project was the
actions taken by the Nebraska Legislature and appropriate state regulatory agen-
‘cies in 1982. LB 708 defined geothermal resources and provided guidelines for
regulation. LB 799 created a state-supported grant program to develop geother-
mal resources. Project staff were technical advisors throughout this process of
legislation and preparation of regulations. A workshop was sponsored as a part
of the project activity (see attached) to provide background for state agency
and legislative personnel.

Throughout the information dissemination activity, the emphasis has been on
the low temperature characteristics of the geothermal resource. There was no
intent to promote the development of a large-scale geothermal industry. The
information provided has however, encouraged the creation of a project to assess
the potential for space heating of Nebraska Western College. Other similar pro-
jects are being discussed. Any significant breakthrough in technology for more
cost-effective utilization of low-temperature geothermal resources will be of

significant interest to a broad, well-informed audience in Nebraska.
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Geothermal Energy Resources in Nebraska

The Nebraska Legislature enacted two bills in 1982 relating to geothermal
resources which were signed by Governor Thone. The purpose of this paper is to
briefly summarize the provisions of the legislation, review data on geothermal
resources in Nebraska, and discuss potentfal for development of geothermal
resources in the state.

Legislation

LB 708 - is an "act relating to minerals; to provide that geothermal depos-
its shall be treated as mineral interests; to define terms; and to provide for
permits."

As defined in the act, "geothermal resources shall mean (a) the natural
heat of the earth and the energy produced by that heat, including pressure, and
(b) the material medium containing that energy." The terms "geothermal fluids,"
"geothermal occurrence” and "material medium" are also defined in the act. The
act provides that the right to develop and produce geothermal resources is in-
cluded with any division of the mineral rights (estate) and the owner of the
mineral estate will have the right to enter the overlying surface property at
reasonable times and in a reasonable manner to prospect for, produce and trans-
port the geothermal resources. Mineral rights granted prior to this act are
not affected unless geothermal resources were specifically included.

Any person who desires to withdraw ground water for geothermal resource
development must first obtain a permit from the Director of Water Resources.
The Water Resources Department will adopt rules and regulations governing
issuance of the permits. Permits will be issued in consultation with the De-
partment of Environmental Control and development and production of geothermal
resources will be subject to rules and regulations developed under the Environ-
mental Protection Act.

LB 799 - is an act relating to energy which amends the revised statutes of
Nebraska to provide grants to assist in developing geothermal energy sources.
In this act, geothermal energy is defined as "all products of geothermal processes
embracing indigenous steam, hot water, and hot brines..." "Any political sub-
division which derives a portion of its funds from property tax may apply to the
State Energy Office for a geothermal energy utilization grant." The grant will
require 50-50 matching funds. The grants may be used for “projects which will
reduce conventional energy use and utilize geothermal energy in public buildings."
Funds were appropriated to the Nebraska Energy Office to carry out the provision
of this portion of LB799. More information on this legislation can be obtained
from Mr. Buck Balok, Director, Nebraska Energy Office, PO Box 95085, Lincoln,
Nebraska 68509 (402) 471-2867.

Geothermal Resources in Nebraska

The Conservation and Survey Division, IANR, is coordinating a four-year
(1979-1983) agreement with the U.S. Department of Energy (DOE) to investigate
and compile data relating to the geothermal resource potential of Nebraska.
Principal investigators for the project are Duane A. Eversoll of the Conservation
and Survey Division and William D. Gosnold from Department of Geography-Geology
UN-0. From these data a map of "Geothermal Resources of Nebraska-1982" has been
published by the National Qceanic and Atmospheric Administration (NOAA) for the
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U.S. Department of Energy. This map is available from the Conservation and
Survey Division, 113 Nebraska Hall, University of Nebraska, Lincoln, Nebraska
68588-0517. There is no charge over the counter, or they may be ordered by
mail for $1.00 folded, $1.50 rolled.

The map of geothermal data compiled by the University of Nebraska shows that =
development of geothermal resources is believed to have the greatest potential in
the Dakota geologic unit in the western half of Nebraska generally west of a line
from McCook to Niobrara. Another potential aquifer is the Madison geologic unit
that is limited to the extreme northwest comer of Nebraska. The map legend
briefly describes the geothermal resource in Nebraska and explains how the map
was developed.
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The geothermal resources of Nebraska are identified as_Low-Temperature Thermal
Waters. They are warm water at temperatures lower than 100°C, but warm enough to
be used as practical heat sources. Existing knowledge does not permit the infer-
ence that thermal waters may be found everywhere within the Dakota and Madison
group. The actual existence of sufficient thermal waters in any given location car
only be determined by drilling a test well.
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It should be noted that the use of ground water heat pumps is not affected by
this legislation. Such heat pumps utilize water pumped from the shallow ground
water aquifers and are not considered a geothermal resource. In Nebraska, the geo-
thermal resource generally lies below 600 meters (1,968.6 feet) in depth. Proper
development of geothermal waters would have no effect upon the shallow ground water
aqui fer used for irrigation and other purposes in Nebraska.

As pointed out in "Nebraska Water Law Update" Number 45 (May 17, 1982, Page 5),
"The Nebraska Supreme Court has ruled that ground water belongs to the public." How-
ever, "...LB 708 establishes that heat in geothermally heated ground water belongs to
the overlying landowner" (or the owner of the mineral rights). “Whether this creates
a significant legal inconsistency and what significance this legal inconsistency has
remains to be seen." '

Potential For Development

The potential for geothermal resource development in Nebraska is largely unknown
at the present time. The cost of development is very expensive and risky, and gen-
erally precludes exploration and utilization by individual developers. The resource
might however be developed as a group effort for use in public buildings, a group
of homes or businesses, or for agribusiness uses such as grain drying, fish farming,
and heating greenhouses and livestock buildings. Many agribusiness uses do not
require high temperatures, and thus can utilize the geothermal resource after some
heat has already been extracted for other purposes.

Some wells in north central Nebraska, primarily Boyd, Knox and Keya Paha Counties,
produce warm water from the Dakota geologic unit. Many of these wells are artesian
and have potential for use as a low-temperature direct heat source.

Persons interested in developing geotheram} resource$ may obtaih additiochal i
background data from the UNL Conservation and Survey Division, 113 Nebraska Hall, i
University of Nebraska, Lincoin, Nebraska 68588-0517 (402) 472-3471 or the Nebraska
0il1 and Gas Conservation Commission, Sidney, Nebraska (308) 254-4595.

Prepared By: ;
John A. Burbank, Cooperative Extension Service, University of Nebraska-Lincoln
July 23, 1982 '
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Conservation and Survey Division

University of 113 Nebraska Hall
901 North 17th Street

N.ebraSka Lincoln, NE 68588-0517

' Lincoln Telephone (402) 472-3471

Institute of Agriculture and Natural Resources Geological and Natural Resources Surveys

"""""

WORKSHOP ON THE
Potential for Low-Temperature Geothermal Resources
In Nebraska

Monday May 24, 1982, 9:00-11:59 a.m.
Nebraska Center for Continuing Education

The preliminary results of an inventory of geothermal resources in
Nebraska indicate that at least one half of the state has a low-
temperature geothermal potential. The possibility of utilizing this
resource for direct heating has created both legislative and
regulatory issues. The purpose of this workshop is to acquaint
public officials with the resource data, the current technology

and the management implications of developing geothermal resources
in Nebraska.

Topics to be covered include:

Definition and data base
background and geologic framework
resource potential

deep drilling

utilization

(S 200 ~ N #S 3 o L RP )

You or a designated representative are invited to participate in
the panel presentation and discussion. It is anticipated that
the 1:500,000 scale map "Geothermal Resources of Nebraska" will
be available for distribution. No registration fee is required
but the return of the enclosed form would be appreciated.

Convener
Marvin P. Carlson
402/472-3471

University of Nebraska-Lincoln University of Nebraska at Omaha University of Ncbraska Medical Center
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TASK SEVEN

Definition

Task Seven was to compile a user-oriented state geothermal resource map.

Results

A map entitled “Geothermal Resources of Nebraska" at a scale of 1:500,000
was published in 1982. The geothermal data collected as the result of this pro-
ject and additional geoscience information were compiled and interpreted by pro-
ject staff. Publication was in cooperation with the National Oceanic and
Atmospheric Administration. The map is included as Appendix 7-1 in this origi-
nal report. Additional copies are available from the Conservation and Survey

Division, University of Nebraska-Lincoln.
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TASK EIGHT
Definition

Task Eight was to prepare, submit and distribute appropriate reports.

Procedure

A major reporting activity was the preparation and distribution of a sum—r
mary of monthly activity (see attached example for August 1982). These progress
reports fulfilled a formal reporting requirement to D.0.E. as well as served as
an informal newsletter to a much broader audience. The numerous products and
activities cited in the Bibliography (Appendix 6-1) also served to report pro-
ject accomplishments to appropriate audiences. Their Final Report is the other

formal reporting activity required.
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AN INVENTORY OF

Geothermal Resources In Nebraska

State-Coupled Program between
U.S. Department of Energy
and

The University of Nebraska

PRINCIPAL INVESTIGATORS
William D. Gosnold
Duane A. Everxsoll
PROJECT COORDINATOR

Marvin P. Carlson

DE-AS07-79ET27205 Mod. A003

Progress Summary August 1982
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Geothermal Monthly Report

August 1982

The Department of Energy modified cooperative agreement
DE-AS07-79ET27205 Mod A003 specifies eight research tasks to
be performed by the Nebraska State-Coupled Geothermal team.
The progress of these eight tasks is summarized in this report.

Task 1. Bottom-Hole Temperature (BHT) Survey

Work in the BHT survey concentrated on further development
of the master data management program referred to as DWELL. The
DWELL program provides the user with the options of creating
new records for addition to the data set, display and editing
of existing records and the ability to print all or part of the
entered records. Editing for the DWELL program was performed by
student research specialist Mary Mittelstaedt under the direction
of research assistant Karen Messenger.

Task 2. Heat Flow and Temperature Gradient Survey

Six deep wells in southwestern Nebraska were logged by
personnel from Southern Methodist University. Temperature depth logs
and plots of temperature vs. depth and gradient vs. depth were
recorded for these wells. The wells were logged continuously and
the data were printed in half-meter intervals. Several important
observations were made from the new data. The data from southwestern
Nebraska verified the temperatures that were projected for the
Dakota Formation on the basis of shallow well heat flow data.
These data also show that the location of the limit of the low-
temperature geothermal resource area for the Dakota was accurately

predicted. Another observation is that the gradient vs. depth plots

45



can be used to correlate some stratigraphic units on the basis

of temperature gradient. The correlation is possible because of
the contrasting thermal conductivities in the units penetrated by
the wells. A final observation is that certain "spikes" in the
gradient vs. depth plots seem to correlate between wells and may
be due to inherent properties of certain lithologic units. Exo-
thermic reactions such as the oxidation of sulfides in contact
with drilling fluids is one possible explanation for the "spikes"
in the curves.

In addition to the wells in Southwestern Nebraska, the SMU
crew also logged the Baker #1 heat flow hole at Burton, in north-
central Nebraska. The data show that the heat flow for all
lithologic units is about 107 mw m-2. The constant heat flow
within the well indicates that the Dakota Aquifer is not responsible
for the high heat flow in the area. Two possibilities are under
consideration as heat sources: 1) updip flow in weathered basement
rocks or in gravels derived from the basement; or 2) high radio-
active heat generation in the Precambrian basement. W. D. Gosnold
and D. A. Eversoll submitted an abstract to the American Geophysical
Union Fall Meeting on the results of the well log.

The University of Nebraska at Omaha field crew finished its
field season with a total of about 50 wells logged. The new data
ave being processed and should be available for analysis by October
1982,

Task 3. Data Translation Studies

The information gathered from task 2 during this report period

will be combined with all previously collected data to generate
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programs that will define the relationship between the BHT
inventory and the actual measured deep well temperatures. A
paper by W. D. Gosnold titled "Geothermal Resource Maps and
Bottom Hole Temperature Surveys" has been accepted by the Geothermal
Resource Council for the October 1982 meeting.

Task 4. Gravity Map

The first rough draft gravity maps should be available by
September-October 1982. The maps are being compiled by personnel
from the University of Texas-Dallas with supervision from W. D.
Gosnold.

Task 5. Substate Region Investigations

Work in this area during this report period consisted mainly
in gathering and compiling data as outlined in tasks 1 through 4.
These data will be combined into the final report to meet contractua:
agreements. Papers presented at the various Geo-Science meetings
have provided user-oriented information pertaining to the geothermal
potential in certain areas within Nebraska.

Task 6. Dissemination of Information

The Nebraska team continues to work with state agencies and
the general public having regional and site-specific geological/
geothermal requests relating to the geothermal potential within
Nebraska. Specifically, information, comments, and technical
advice have been provided to the State Energy Office in developing
"Guidelines For The Nebraska Energy Office Geothermal Grant Program,
1982-1983." The Guidelines will be available by September 1982
(Appendix A).

Task 7. State Geothermal Map

The "Geothermal Resources of Nebraska" maps which were released

in May 1982 are being distributed by the Conservation and Survey
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Division, Institute of Agriculture and Natural Resources, University
of Nebraska-Lincoln.

Task 8. Reporting Requirements

This monthly report, along with the research papers, reports,
and poster sessions présented throughout the grant, consitutes the

reporting requirements of the grant agreement.
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Appendix 2-1

Environmental Assessment
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Appendix 2 - 1
ENVIRONMENTAIL ASSESSMENT
TITLE

Evaluation of the Geothermal Resources in Nebraska

DESCRIPTION OF THE PROPOSED ACTION

This proposed project consists of a test drilling and casing
program to determine the strata underlying certain areas of
Nebraska (see figure 1), and to enable later geothermal investi-
gations. The project includes the drilling and casing of 13 test
holes to an average depth of 500-600 feet. The objectives will
be to a) provide a one-inch steel cased hole thru which geothermal
measurements will be made at a later date by Conservation and
Survey Division personnel or their affiliates, b) obtain high
quality representative samples of the geological strata, c)
provide test holes for the measurement of a variety of electrical
characteristics of both the strata and their contained fluids.
The test holes will be cased to the bottom of the test hole with
one-inch (I.D.) standard weight black steel casing. The one-
inch casing will extend a minimum of 3 feet above the natural
ground level.

This series of test holes are being drilled and cased to
serve as a monitoring data-base for other subsidary information
collected as part of an in-depth two year geothermal study of
Nebraska. The project "An Evaluation of Geothermal Resources In
Nebraska" is funded by Department of Energy (DOE) Contract No.
DE-AS07-79ET27205. All test holes were located on private
property and were drilled with permission from the landowners. The

casing will be pulled or cut-off 3' below ground level at the end
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of the project.

DESCRIPTION OF THE EXISTING ENVIRONMENT

The test holes in this proposed project occur in thirteen
different areas of Nebraska and therefore a description of the
existing environment for each proposed drilling site will be de-
scribed. See figure 1 for general location of the thirteen sites.

Figure 2 shows the Average Annual Temperatures for Nebraska.

Site 1. Located on the Naper 7% minute topographic quad-
rangle map in the NW NE sec. 25, T. 35N., R. 15W. The proposed
site is in an unpopulated area that has been previously disturbed
by farming methods. The site lies along the edges of Ponca Creek
Valley. It is characterized by a continental subhumid climate
with light rainfall (ave. 23"/yr.), cold winters, warm summers, and
frequent changes in weather conditions. Ponca Creek drains part
of a high plain remnant that has not been significantly modified
by erosion. The flow of Ponca Creek is derived almost entirely
from overland runoff and very little from underground seepage.
Most of the drainage area consists of exposed Cretaceous Age
Pierre Shale, which has rapid runoff due to steep slopes and a
very slow absorption rate. Soils in the valleys formed mainly in
alluvial and colluvial material. The soil at this site is class-
ified by the Soil Conservation Service as being Cass, which is a
fine sandy loam with 0 to 2 percent slopes.

The vegetation primarily consists of short to medium mixed
native prairie grasses. The fauna consists mainly of mule and
whitetail deer, wild turkey, pheasant, bobwhite quail, eastern

red squirrel, raccoon, opossum, and cottontail rabbit. Predators,
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such as hawks, owls, and coyotes also inhabit the area.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with bentonite and clay type cuttings
from the test hole, to specifications furnished by the Conservation
and Survey Division. Excess drilling mud and cuttings shall be
properly disposed of and retention pits removed or filled. The
site shall be cleared and as nearly as possible be restored to
its original condition.

Cumulative and Long-term Environmental Effects: It is
anticipated that this proposed project will not in itself create
or produce any negative environmental effects. There will be
no significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at
all times observed and complied. No test hole drilling permits

were required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide infor-
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mation of potential geothermal characteristics and any application
values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would result in leaving
the potential for geothermal application in question and 2) Move
this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as amend-
able and cost effective as‘the proposed sites. The sites chosen
seem to be the‘most suitable and economical solution to the

proposal in the opinion of the researchers and landowners.

Site 2. Located on the Springview NW 74 minute topographic
quad map in the SW NW of sec. 32 T. 35N., R. 20W. The proposed
site i1s in an unpopulated rural farm and ranch area. The proposed
site lies in the Holt Creek valley. The site is characterized
by a continental subhumid climate with fairly high summer and
moderate to low winter temperatures. The average annual temper-~
ature is approximately 47° F (period 1941-70). The average rainfall
is about 18 inches per year. Holt Creek a tributary to the Keya
Paha River, is entrenched in the underlying Cretaceous Age Pierre
Shale and in this area is a permanent stream. The so0il at the
site is classified by the S.C.S. as Boyd, which is a fine silty
loam that ranges from nearly level to slightly sloping.

The native vegetation is predominantly grasses, such as
little bluestem, grama, buffalo grass and wheatgrass however,
at the site the area is under cultivation. In some adjacent areas
a thin native tree population exists which could include elm,

.ash, burr oak, hackberry, boxelder, cottonwood and willows. The
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fauna consists of mule and whitetail deer, raccoon, pheasant,
grouse, quail, red squirrel, cottontail rabbits, coyote, haﬁks,

owls and some species of songbirds.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for install-
ation purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with clay type cuttings from the test
hole, to specifications furnished by the Conservation and Survey
Division. Excess drilling mud and cuttings shall be properly
disposed of and retention pits removed or filled. The site shall
be cleared and as nearly as possible be restored to its original
condition.

Cummulative and Long-Term Environmental Effects: It is
anticipated that this proposed project will not in itself create
or produce any negative envirommental effects. There will be no
significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATELVREGIONAL, OR_LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at all
times observed and complied. No test hole drilling permits were

required for this proposed project.
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ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would result in leaving
the potential for geothermal application in question and 2) Move
this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as
amendable and cost effective as the proposed sites. The sites
chosen seem to be the most suitable and economical solution to

the proposal in the opinion of the researchers and landowners.

Site 3. Located in Cherry County Nebraska on the Sparks
15 minute topographic quadrangle map in the SE SE sec. 28 T. 34N.,
R. 27W. The proposed site is three miles east of Valentine
Nebraska in northcentral part of the state. The site lies in the
‘valley of the Niobrara River approximately 45 feet above water
level. 1t is adjacent to a rural residence in an area that is
currently under cultivation. The site is characterized by a
continental climate with extremes of temperature and a marked
seasonal variation in rainfall (average 18.23 inches per year).
The Niobrara is a swift-flowing stream that is entrenched about
150-180 feet into the surrounding area. The flow is fairly even
and consists of clear water as the volume varies very little
thru-out the year. Most of the drainage area consists of sandy
soils and there is little run-off. Most of the precipitation is

absorbed into the ground and eventually becomes united with the
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groundwater. The Niobrara cuts into Tertiary aged White River
Group siltstones, claystones, silts and fine grained sandstones.
Soils in the valley formed mostly on alluvial and colluvial
materials. The soill at site 3 is classified as Elsmer-Loup-Sarpy
a loamy fine sand, by the Soil Conservation Service.

The vegetation is dominated by grasses with some trees in
and along the sides of the valleys. Most of the grasses consist
of prairie grasses, while there exist both deciduous and conifer
trees at the drilling site. The wildlife ranges from muletailed
deer, antelope, coyotes, small fur-bearers (raccoon, skunk, mink
and muskrats), rabbits, ground squirrel, to small rodents (mice).
Many different types of song birds (meadowlark, lark sparrow,
morning dove), upland game birds (prairie chicken, grouse) and

predators (hawks, owls) are found in the area.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with bentonite and clay type cuttings
from the test hole, to specifications furnished by the Conservation
and Survey Division. Excess drilling mud and cuttings shsll be
properly disposed of and retention pits removed or filled. The
site shall be cleared and as nearly as possible be restored to its

original condition.
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Cumulative and Long-term Environmental Effects: It is
anticipated that this proposed project will not in itself create
or produce any negative environmental effects. There will be no
significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at all
times observed and complied. No drilling permits were required

for this_proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would‘result in leaving
the potential for geothermal application in question and 2) Move
this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as amend-
able and cost effective as the proposed sites. The sites chosen
seem to be the most suitable and economical solution to the

proposal, in the opinion of the researchers and landowners.

Site 4. Located in Holt County Nebraska on the O'Neill 7%
minute topographic quad map in the NW NW sec. 6, T. 28N., R. 11W.
The proposed site is 1% miles south of O'Neill, Nebraska in the

northeastern part of the state. Site #4 is located along the
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southern edge of the Elkhorn River Valley about 10 feet above
the water level. It is situated in a ‘grassed area next to a rural
residence.

The site is characterized by a climate that is continental
and is subjected to a wide variation in winter and summer temper-
ature. It is well suited for farming of small grains. The
average rainfall is 21.43"according to official records of the
United States Weather Bureau.

The topography at this site is fairly flat with fair to poor
drainage. The proposed hole is located on a river terrace. The
Elkhorn River is a slow flowing river with many "oxbows' and dry
older partially silted-in channels. The Soil Conservation Service
classifies the soils at this site as Cass, a loamy fine sand.

The vegetation primarily consists of grasses, such as big
bluestem and needlegrass, although directly at the site seeded
lawn-type grasses prevail. The wildlife at this particular site
is restricted because of the close proximity to the rural residence.
However coyote, badger, rabbit, raccoon, skunk, mice etc. are
found in the area, along with the usual predators, such as hawks

and owls.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
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around the one-inch casing with bentonite and clay type cuttings
from the test hole, to specifications furnished by the Conservation
and Sdrvey Division. Excess drilling mud and cuttings shall be
properly disposed of and retention pits removed or filled. The
site shall be cleared and as nearly as possible be restored to

its original condition.

Cumulative and Long-term Environmental Effects: It is
anticipated that this proposed project will not in itself create
or produce any negative environmental effects. There will be no
significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at all
times observed and complied. No test hole drilling permits were

required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would result in leaving
the potential for geothermal application in question and 2)

Move this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as amend-

able and cost effective as the proposed sites. The sites chosen
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seem to be the most suitable and economical solution to the

proposal, in the opinion of the researchers and landowner.

Site 5. Located in Wayne County, Nebraska on the Wayne 7%
minute topographic quadrangle map in the SW NE sec. 14, T. 26N.,
R. 3E., The proposed site is 4 mile south and 1% mile west of
Wayne, Nebraska along the north side of South Logan Creek and
Deer Creek Valleys. The surrounding area is presently under
cultivation for the growing of grain crops. The proposed drill
site is about 30-40 feet above the creek level on a south-south-
west facing hillside on the end of a windbreak planted with
various types of trees.

The climate of this area is continental with warm summers
and cold winters (annual average tempefature is approximately
49° F). The rainfall is classed as moderate with a yearly
average of 25.9 inches. The temperature and rainfall is highly
variable from day to day and season to season. The area surround-
ing site #5 is characterized by long slopes, and rolling hills.

South Logan Creek has a low gradient with a fairly narrow
valley upstream from the site. It converges with Deer Creek
approximately three-fourths of a mile east of the drill site.
The two creeks share the same valley which is about 1 mile wide.
The surficial deposits in this area are mostly Pleistocene aged
glacial materiais (till etc.). Runoff is therefore fairly fast
in this area and coupled with the 1arge thunderstorms that occur
as downpours in short periods of time, produce a great deal of
erosion in unprotected areas. The soils at this site are class-

ified by the Soil Conservation Service as Judsen silt loam, with
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2 to 7 percent slopes. This soil is on stream terraces and foot
slopes at the base of upland soils.

The vegetation at the site is restricted to grain cropland
with some grasses developed in the pastures and along the road-
sides. Other vegetation found nearby ranges from deciduous trees
to the important grasses, such as bluestem, switchgrass and
indiangrass. The wildlife normally found nearby includes, some
white-tailed deer, coyotes, badgers, raccoons, skunks, pheasant,
quail, red squirrel and cottontail rabbit. The predators include
the hawks and owls with many different species of song birds in

the area.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with clay type cuttings from the test
hole, to specifications furnished by the Conservation and Survey
Division. Excess drilling mud and cuttings shall be properly
disposed of and retention pits removed or filled. The site shall
be cleared and as nearly as possible be restored to its original
condition.

Cumulative and Long-term Environmental Effects: It is
anticipated that this proposed project will not in itself create

or produce any negative environmentél effects. There will be no
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significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at
all times observed and complied. No test hole drilling permits

were required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would result in leaving
the potential for geothermal application in question and 2) Move
this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as
amendable and cost effective as the proposed sites. The sites
chosen seem to’be the most suitable and economical solution to

the proposal, in the opinion of the researchers and landowners.

Site 6. Located in Burt County, Nebraska on the Oakland 7%
minute topographic quadangle map in the NW of sec. 6, T. 21N.,
R. 9E. The site is approximately % mile east, 4 mile south of
Oakland, Nebraska in a rural farming area. The climate is generally
temperate with hot, sultry summers and cold rather severe winters.
The average annual temperature is approximately 50° F, the average
rainfall is 30.64 inches per year according to U.S. Weather
Bureau records.
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The proposed drilling site is located on the east side of
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Logan Creek Valley about 130 feet above the bottom of Logan
Creek. Surficial deposits are clays, silts and sands of glacial
origin that overlie Cretaceous age Dakota sandstone. Soil at the
site is classified as Marshall silt loam by_the Soil Conservation
Service. Typical Marshall topography is undulating to rolling,
being irregular in those areas adjacent to the major streams.
Drainage in the area is good with some problems associated with
erosion of the exposed areas.

The native vegetation was pralrie grasses with trees in and

along the drainage areas. Farming has replaced the grasses with
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grain crops and a majority of the native trees were cut in the
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early 1900's. Farm operations have diminished the wildlife at

this proposed site. However, coyote, raccoon, pheasant, quail,
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rabbit, eastern red squirrel, hawks, owls and some species of
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song birds may inhabit the adjacent areas.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with bentonite and clay type cuttings
from the test hole, to specifications furnished by the Conservation
and Survey Division. Excess drilling mud and cuttings shall be

properly disposed of and retention pits removed or filled. The
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site shall be cleared and as nearly as possible be restored to
its original condition.

Cumulative and Long-term Environmental Effects: It is
anticipated that this proposed project will not in itself create
or produce any negative environmental effects. There will be no
significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at
all times observed and complied. No test hole drilling permits

were required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would result in leaving
the potential for geothermal application in question and 2) Move
this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as
amendable and cost effective as the proposed sites. The sites
chosen seem to be the most suitable and economical solution to

the proposal, in the opinion of the researchers and landowners.

Site 7. Located in Dodge County, Nebraska on the Fremont

West 732 minute topographic quadrange map in the NW sec. 32, T. 18N.,
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R. 8E. It is 4 miles north and 3 miles west of Fremont, Nebraska
in a rural farming area. The county has a continental climate
with hot summers, cold winters and moderate rainfall. The average
yearly precipitation is 31.1 inches while the annual average
temperature is approximately 50° to 51° F.

The proposed drilling site is located on the north side of
the Platte River Valley about 10 feet above the valley floor,
in a farm pasture. The valley at this site is 4 to § miles wide.
Depth to groundwater ranges from 10 to 15 feet. Surficial deposits
are alluvial silts and sands that mantle possible glacial deposits.
Bedrock in this area is Cretaceous age Dakota sandstones and
shales which unconformably overlies limestone, shales and
sandstones of Pennsylvanian age. Soils at the site are classified
by the Soil Conservation Service as Judson silt loam with 2 to
6 percent slopes. It is characterized as being well drained
on colluvial-alluvial foot slopes.

Prairie grasses in the valleys and uplands and trees mostly
along the drainage areas were native to this part of Nebraska.
However farming methods have wiped out a majority of the grasses
and trees. Small grain crops alfalfa and wild hay are now found
on a majority part of the land. The wildlife in the area ranges
from song birds (meadowlark, dove, swallow etc.) to coyotes,
rabbits, skunks, raccoon and red squirrel with some predators
such as owls and hawks. Small rodents, such as ground squirrels,

mice and moles are commonly found in the area.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
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has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with bentonite and clay type cuttings
from the test hole, to specifications furnished by the Conservation
and Survey Division. Excess drilling mud and cuttings shall be
properly disposed of and retention pits removed or filled. The
site shall be cleared and as nearly as possible be restored to
its original condition.

Cumulative and Long-term Environmental Effects: It is
anticipated that this proposed project will not in itself create
or produce any negative environmental effects. There will be
no significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at all
times observed and complied. No test hole drilling permits were

required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.

1) Not to implement this proposal which would result in leaving
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the potential for geothermal application in question and 2) Move
this proposed site to another iess desirable location. Such
alternatives could be implemented but they would not be as
amendable and cost effective as the proposed sites. The sites
chosen seem to be the most suitable and economical solution to

the proposal, in the opinion of the researchers and landowners.

Site 8. Located in Lancaster County, Nebraska on the
Bennett 74 minute topographic quadrangle map in the SE SW sec. 22,
T. BN:, R. 8E. The test hole is 3 miles south and ¢ mile west of
Bennett, Nebraska in a rural farming area on an abandoned farm-
stead. Lancaster County is cold in winter and is quite hot with
occasional cool spells in summer. The average yearly precipitation
is 22 inches and the annual average temperature is approximately
50° to 52° F.

The test hole site is located in an upland area on the west
side of a small drainage valley that drains to the north eventually
running into the Little Nemaha River two miles north of the site.
The relief surrounding the area is classified as gently sloping.

A majority of the surrounding area has been disturbed by farming.
Unconsolidated sediments, consisting of loess and glacial clays-
silts-sands and till all of Quaternary age overlies the bedrock

in the area. The bedrock at this site is Permian and Pennsylvanian
age limestone which is interbedded with sh#les and shaley lime-
stone. The soil is classified by the Soil Conservation as Wymore
silty clay loam with 3 to 7 percent slopes. The vegetation primarily
consists of grasses commonly found in most southeastern Nebraska

pastures. The grasses consist mainly of big bluestem, little
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bluestem, side-oats grama, prairie dropseed, needlegrass and
Junegrass. Some wildrye and Indiangrass is found in the bottom-
land. Trees near the site include cottonwood, burr oak, locust,
ash, elm and boxelder. The fauna found in this area include,
raccoon, red squirrel, cottontail rabbit, coyote, red fox, mule

deer, pheasant, quail, hawks owls and songbirds.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with bentonite and clay type cuttings
from the test hole, to specifications furnished by the Conservation
and Survey Division. Excess drilling ﬁud and cuttings shall be
properly disposed of and retention pits removed or filled. The
site shall be cleared and as nearly as possible be restored to
its original condition.

Cumulative and Long-term Environmental Effects: It is
anticipated that this proposed project will not in itself create
or produce any negative environmental effects. There will be
no significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
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regulations in any manner affecting this project shall be at all
times observed and complied. No test hole drilling permits were

required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would result in leaving
the'potential for geothermal application in question and 2) Move
this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as
amendable and cost effective as the proposed sites. The sites
chosen seem to be the most suitable and economical solution to

the proposal, in the opinion of the researchers and landowners.

Site 9. Located in Dawes County, Nebraska on the Fort
Robinson 2 SE (Advance Print) 7% minute topographic quadrangle
map in the SE SE of sec. 2, T. 32N., R. 51W. The proposed site
is 1 mile south and 4 mile west of the small village of Whitney,
Nebraska in a rural farm and ranch area that is currently under
partial cultivation. The climate of the area is semiarid and
is characterized by warm summers, cold winters with an average
annual precipitation of 18.2 inches.

The test hole is located along the side of the White River
valley about 35 feet above the flow line and approximately % mile

southeast of the flowing stream. The area surrounding the south
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of the site is classified by the Soil Conservation Service as
gently rolling to hilly while the area directly to the north slopes
gently to the White River valley. The soils are classified as
Keith silt loam with 3 to 9 percent slopes formed on alluvium
terraces and colluvium along the side of the White River. The
bedrock underlying the area is the Cretaceous aged Pierre Formation,
consisting mainly of black to brownish olive gray shales.

The vegetation is dominated by mixed native grasses in the
pastured areas. Farm crops include alfalfa, winter wheat, oats
and hay with some barley and corn. Wildlife ranges from mule and
whitetail deer, antelope, coyotes, small fur-bearers to small
rodents (mice etc.). Upland game birds such as wild turkey and
pheasants inhabit the area as do numerous song birds and predators

(owls, hawks).

POTENTIAL ENVIRONMENTAL IMPACTS

Contruction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with bentonite and clay type cuttings
from the test hole, to specifications furnished by the Conservation
and Survey Division. Excess drilling mud and cuttings shall be
properly disposed of and retention pits removed or filled. The
site shall be cleared and as nearly as possible be restored to

its original condition.

/73



Cumulative and Long-term Environmental Effects: It is
anticipated that this proposed project will not in itself create
or produce any negative environmental effects. There will be
no significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at all
times observed and complied. No test hole drilling permits were

required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would result in leaving
the potential for geothermal application in question and 2) Move
this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as
amendable and cost effective as the proposed sites. The sites
chosen seem to be the most suitable and economical solution to

the proposal, in the opinion of the researchers and landowners.

Site 10. Located in Morrill County, Nebraska on the Bayard
7% minute topographic quad map in the NW, NW sec. 6, T. 21N., R. 51W.
The test hole is 5 miles north and 2 miles east of Bayard, Nebraska

in a rural farm and ranch area on a farm home site. Climate of
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the area is classed as semiarid and typical of the Great Plains -
cold winters and warm short summers. The mean annual precipitation
is about 17 inches with a mean annual temperature of 47 - 48° F.

The test hole is located in a small wide valley that runs
from the northwest to the southeast, eventually connecting with
Red Willow Creek about 4-5 miles to the southeast. The site lies
in an area dominated by the remmants of o0ld alluvial fan deposits
mixed with high stream terraces which developed into small gently
rolling lowland drainages. The soil is classified by the Soil
Conservation Service as Bridgeport very fine sandy loam. The
bedrock underlying this site is Brule silt and siltstones cof the
White River Group, Ogliocene Series, Tertiary System which was
encountered at 20 feet.

Vegetation in the area is primarily farm crops with some
native mixed grasses in the pastureland to the north. These
include needle grass, sand grass, bunch grass, grama and buffalo
grass. The farm crops include corn, alfalfa, and sugar beets
which at this site are irrigated from the Tri-State Canal that
cuts diagonally NW to SE across the section. The test hole is
approximately .2 of a mile southwest of the Tri-State Canal. The
fauna inclﬁdes both mule and whitetail deer, antelope, raccoon,
opossum, rabbit, coyote, squirrel and other small rodents. Others
include owls, hawks, game birds such as pheasant, and many species

of songbirds.

POTENTIAL ENVIRONMENTAL IMPACTS

Contruction: This proposed project occurs in an area that

has been previously disturbed by farming methods. The primary
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objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with bentonite and clay type cuttings
from the test hole, to specifications furnished by the Conservation
and Survey Division. Excess drilling mud and cuttings shall be
properly disposed of and retention pits removed or filled. The
site shall be cleared and as nearly as possible be restored to
its original condition.

Cumulative and Long-~term Environmental Effects: It is
anticipated that this proposed project will not in itself create
or produce any negative environmental effects. There will be
no significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at all
times observed and complied. No test hole drilling permits were

required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.

1) Not to implement this proposal which would result in leaving

the potential for geothermal application in question and 2) Move
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this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as
amendable and cost effective as the proposed sites. The sites
chosen seem to be the most suitable and economical solution to

the proposal, in the opinion of the researchers and landowners.

Site 11. Located in Cheyenne County, Nebraska on the Sidney
7% minute topographic quad map in the SE, SE sec. 33, T. 14N.,

R. 49W. The test hole is located 2 miles east and one mile south
of Sidney, Nebraska in a rural farm and rangeland area in a ranch
pasture. Cheyenne County climate is characterized by a wide
variation in temperature typical of the High Plains - Cold winters
with short and hot summers. The mean average yearly precipitation
is approximately 17 inches while the mean annual temperature is

48 - 49° F.

The test hole is located along the south side of Lodgepole
Creek Valley about % mile south of Lodgepole Creek. The site is
located near the base of the valley sides on remnants of smooth
low terraces, 20-25 feet above the stream. 500 feet west of the
site a small drainage-way has developed that drains the immediate
area to the south. The soil is classified as Cheyenne gravelly
sandy loam, which is derived from the alluvial-terrace materials
and from alluvial and colluvial wash that has partly filled the
valleys. Bedrock is encountered at 22.5 feet and consists of
Brule siltstone and silt of the White River Group, Ogliocene Series,
Tertiary System.

The vegetation at the site ranges from farm crops north

in the valley to pastureland in the southern area. The farm crops
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range from corn, alfalfa and hay to wheat and barley. Pastures
are mainly dominated by native grasses. Wildlife found near the
site is characteristic of the fauna found on the High Plains.
Coyotes, deer, antelope, small fur-bearers, rabbits and rodents
are common., Game birds such as pheasant and quail also inhabit

the area.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with bentonite and clay type cuttings
from the test hole, to specifications furnished by the Conservation
and Survey Division. Excess drilling mud and cuttings shall be
properly disposed of and retention pits removed or filled. The
site shall be cleared and as nearly as possible be restored to
its original condition.

Cumulative and Long-term Environmental Effects:; It is
anticipated that this proposed project will not in itself create
or produce any negative environmental effects. There will be
no significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal,'state and local laws, ordinances, plans or

/8




regulations in any manner affecting this project shall be at all
times observed and complied. No test hole drilling permits were

required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would result in leaving
the potential for geothermal application in question and 2) Move
this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as
amendable and cost effective as the proposed sites. The sites
chosen seem to be the most suitable and economical solution to

the proposal, in the opinion of the researchers and landowners.

Site 12. Located in Garden County, Nebraska on the Coumbe
Bluff 7% minute topographic quadrangle map in the SW NW sec. 26,
T. 17N., R. 45W. The test hole is about 7 miles west of Oshkosh,
Nebréska in a rural ranch area and on the edge of a ranch pasture.
Long cold winters and short hot summers are characteristic of the
area. The mean annual temperature is about 48 - 49° F and the
mean annual precipitation is 19 inches.

The test hole is located in the North Platte Valley approxi-
mately 1% miles south-southwest of the North Platte River. It
is near the base of Coumbe Bluff on remnants of low terraces about

25 feet above the river level. The Soil Conservation Service
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classified the soil as Tripp fine silty loam that is composed of
sediments carried down from the adjoining uplands. The bedrock
encountered at 55 feet is silt and siltstone belonging to the
Brule Formation of the White River Group, Ogliocene Series,
Tertiary System.

Vegetation at the site is dominated by native grasses which
is either grazed as pastureland or cut as hay. Wildlife found
in the area ranges from both mule and whitetailed deer to antelope
and small fur bearers. Many predators such as coyotes, owls and
hawks can be found nearby as can many different species of High

Plains song birds.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximately 1000 sq. feet for installation
‘purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with bentonite and clay type cuttings
from the test hole, to specifications furnished by the Conservation
and Survey Division. Excess drilling mud and cuttings shall be
properly disposed of and retention pits removed or filled. The
site shall be cleared and as nearly as possible be restored to
its original condition.

Cumulative and Long-term Environmental Effects: It is

anticipated that this proposed project will not in itself create

or produce any negative environmental effects. There will be
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no significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at all
times observed and complied. No test hole drilling permits were

required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would result in leaving
the potential for geothermal application in question and 2) Move
this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as
amendable and cost effective as the proposed sites. The sites
chosen seem to be the most suitable and economical solution to

the proposal, in the opinion of the researchers and landowners.

Site 13. Located in Deuel County, Nebraska on the Big Springs
74 minute topographic quadrangle map in the NE NW SE sec. 26,
T. 13N., R. 42W. The test hole is about 1-1/3 mile northwest of
Big Springs, Nebraska in a rural farm-ranch area on the edge of a
ranch pasture. The climate is characteristic for the High Plains,
cold winters with hot short summers. The mean annual temperature

is 48 - 49° F. and the mean annual precipitation is 17 inches.

81



The test hole is located in a small drain along the bluffs
on the north side of the South Platte Valley about 1% miles
north of the main South Platte River and approximately 80-85
feet above the flow line. This draw drains to the South Platte
Valley in a southeasterly direction. The soil is Rosebud gravelly
sandy loam as classified by the Soil Conservation Service. The
Rosebud series are derived mainly from the Tertiary age, Ogallala
Formation. The topography at this site is classed as gently
undulating to very hilly and steeply rolling. 25 feet of
alluvial and colluvial deposits were found overlying the Ogallala
Formation. The Ogallala is composed of clay, silt, sand and
gravel which in places is cemented with calcium carbonate or silica.
Vegetation is dominated by the mixed native grasses commonly
found in this area of the High Plains ~ little bluestem, gramma,
big bluestem, Indian grass, buffalo grass, wild grass and sand
grass. Coyotes, antelope, deer, small fur-bearers, small rodents,
owls, hawks, pheasant and some quail, raccoon, opossum, rabbits

and snakes are commonly found in the area.

POTENTIAL ENVIRONMENTAL IMPACTS

Construction: This proposed project occurs in an area that
has been previously disturbed by farming methods. The primary
objective of the test drilling is to install the 1" cased test
hole and will involve approximatel& 1000 sq. feet for installation
purposes.

Site Restoration: The hole shall be sealed and plugged
around the one-inch casing with bentonite and clay type cuttings

from the test hole, to specifications furnished by the Conservation
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and Survey Division. Excess drilling mud and cuttings shall be
properly disposed of and retention pits removed or filled. The
site shall be cleared and as nearly as possible be restored to

its original condition.

Cumulative and Long-term Environmental Effects: It is
anticipated that this proposed project will not in itself create
or produce any negative environmental effects. There will be
no significant irretrievable commitments of natural resources

involved in this project.

COORDINATION WITH FEDERAL, STATE, REGIONAL, OR LOCAL PLANS

All Federal, state and local laws, ordinances, plans or
regulations in any manner affecting this project shall be at all
times observed and complied. No test hole drilling permits were

required for this proposed project.

ANTICIPATED BENEFITS AND ALTERNATIVES

Benefits: The completion of this project will provide
information of potential geothermal characteristics and any
application values that may be available for this area.

Alternatives: There are two alternatives for this project.
1) Not to implement this proposal which would result in leaving
the potential for geothermal application in question and 2) Move
this proposed site to another less desirable location. Such
alternatives could be implemented but they would not be as
amendable and cost effective as the proposed sites. The sites
chosen seem to be the most suitable and economical solution to

the proposal, in the opinion of the researchers and landowners.
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Appendix 2-2

Lithologic Logs of Project Test Holes
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LITHOLOGIC LOGS OF PROJECT TEST HOLES

Test Hole Number

16B-78
178-78
19H-78
24H-78
38-79
39-79
40-79
41-79
42-79
18-8-79
24-B-79
1aGT-80
26T-80
3G6T-80
4GT-80 ,
5GT-80
6GT-80
7GT-80
86T-80
9GT-80

10GT-80
11G7-80
12G7-80
13GT-80

Appendix

County Leqal Location

Sheridan SE,SE, sec. 13, T
Sheridan NE,SE, sec. 31, T
Lincoln SW,SW, sec. 36, T
Lincoln SE,SE, sec. 36, T
Otoe ' SE,SW, sec. 6, T
Cass SW,SW, sec. 2, T
Richardson NE,NW, sec. 34, T
Pawnee SW,SW, sec. 31, T
Pawnee SW,SW, sec. 16, T
Sheridan NW,NE, sec. 24, T
Sheridan SW,NW, sec. 1, 7T
Boyd SE,SW,SE, sec. 24, T
Keya Paha SE,SW,NW, sec. 32, T
Cherry NE,SE,SW, sec., 28, T
Holt NW,NW,NW, sec. 6, T
Wayne SE,SW,NE, sec. 14, T
Burt NE,SW,NE, sec. 6, T
Dodge SW,NW,NW, sec. 32, T
Lancaster SW,SE,SW, sec. 22, T
Dawes SE,SE,SE, sec. 2, T

Morrill NW, NW,
Cheyenne SE,SE,
Garden NW,SW,

Deuel NC L NW,
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NW, sec. 6, T
SE, sec. 33, T
NW, sec. 26, T
SE, sec. 26, T

2 -2

30
33
12
10

10

34
30
35
35
34
28
26
21
18

32

21
14
17
13

46
45
29
27
13
13
14

12
42
42
15
20
27
11
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W

5 W

W
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Appendix 2 - 3
LITHOLOGIC DESCRIPTIONS OF PROJECT TEST HOLES

Test Hole Number County Legal Location

16B-78 Sheridan SE,SE, sec. 13, T 30 N, R 46 W
178-78 Sheridan NE,SE, sec. 31, T 33 N, R 45 W
19H-78 Lincoln SW,SW, sec. 36, T 12 N, R 29 W
24H-78 Lincoln SE,SE, sec. 36, T 10 N, R 27 W
38-79 Otoe SE,SW, sec. 6, T 9N, RI3E
39-79 Cass SW,SW, sec. 2, T 10N, RI13E
40-79 Richardson NE,NW, sec. 34, T 3 N, R14E
41-79 Pawnee SW,S5W, sec. 31, T 1N, R 9E
42-79 Pawnee SW,SW, sec. 16, T 3 N, R12E
18-B-79 Sheridan NW,NE, sec. 24, T 34 N, R 42 W
24-B-79 Sheridan SW,NW, sec. 1, T30 N, R4Z2 W
1aGT-80 Boyd SE,SW,SE, sec. 24, T35 N, R 15 W
2GT-80 Keya Paha SE,SW,NW, sec. 32, T35 N, R20 W
3GT-80 Cherry NE,SE,SW, sec. 28, T 34 N, R 27 W
4GT-80. Holt NW,NW,NW, sec. 6, T 28 N, R 11 W
5GT-80 Wayne SE,SW,NE, sec. 14, T 26 N, R 3 E
6GT-80 Burt NE,SW,NE, sec. 6, T 21 N, R 9E
7GT-80 Dodge SW,NW,NW, sec. 32, T 18 N, R 8 E
8GT-80 Lancaster SW,SE,SW, sec. 22, T 8N, R 8E
9GT-80 Dawes SE,SE,SE, sec. 2, T 32 N, R51 W
106T-80 Morrill NW,NW,NW, sec. 6, T 21 N, R 51 ¥
11GT-80 Cheyenne SE,SE,SE, sec. 33, T 14 N, R 43 U
12GT-80 Garden NW,SW,NW, sec. 26, T 17 N, R 45 W
13GT-80 Deuel NE,NW,SE, sec. 26, T 13 N, R 42 ¥
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Test Hole 30N-46W-13ddd
(Field No. 16-8-78)

Location: 24 ft. north and 527 ft. west of southeast corner of sec. 13,
T. 30 N., R. 46 W.

Ground altitude: 3,780 ft. (Hays Springs SW 7.5-minute quadrangle)

Depth to water: 28.2 ft. (October 26, 1978)

Depth, in feet

From To
Quaternary:
SOTT and suUbSOTTeeeeeneiierieeecereeroesconcsaosncsccoacnsones 0 4
Silt, clayey, sandy, Drown......ccceeeeeeiececenococcsencocanns 4 17
Gravel, sandy, silty; gravel mostly composed of lithic clasts;
sand is mostly very fine to medium........ Ceessesacsssstenas 17 25
Ogallala:
Sand, silty, very pale brown and pale yellow, with some
interbedded silt; sand is very fine to medium....ccecveecenn. 25 35

Sand and sandstone, fine to coarse, mostly pale brown; some

very coarse sand and trace fine gravel below 40 ft.; some

interbedded STlt....iiieeeeeeeenecesneenocannonsnnonnosaonnes 35 47
Sand and sandstone, mostly very fine to medium, mostly pale

brown, interbedded with silt, sandy, very pale brown; sand

is mostly very fine to medium but contains a trace of coarse

in parts; sand is silty in parts; about 50% sand beds

throughout the interval with no bed more than 4-ft. thick... 47 97
Sand and sandstone, very fine to medium, very pale brown;

contains a few, thin, silt beds...coviviieiennerercecennns . 97 108
Clayey silt and sandy silt, light gray, very pale brown, and

light yellow-brown, with some interbedded sand; sand is

mostly very fine to medium....... csevcscceasenarssasrarnnasanse 108 120
Sand and sandstone, mostly very fine to med1um, mostly very

pale brown; contains some thin, sandy silt beds............. 120 133
Silt, sandy, light gray..c..ceeeeerecesnecesierecancserncoscanns 133 136
Sand and sandstone, gravelly, very fine sand to medium gravel,

trace of coarse gravel.....ccvieevencennnnnns Ceesecanas veees 136 143

Upper Harrison:
Silt, sandy, slightly clayey in parts, mostly brown; sand is
very fine to fine; limy zones common; large mud loss at
145 ft.eeeeeoeeeesesossanessssansssnncssssncsnsnsncsnas ceees 143 170
Silt, sandy, mostly light brown; grades to very silty sand
near top and below 260 ft.; sand is mostly very f1ne,

contains @ few 1imy ZONeS..ceeeeeerececceovosnsooceossonones 170 270
Sand and sandstone, silty, brown; sand is very flne to f1ne,
Time-cemented below 274 ft...ieeierreirerenrceecccenccnneanse 270 276

Monroe Creek-Harrison:
Sand and sandstone, very silty, mostly brown; sand is mostly
very fine with some fine; intermittent limy zones
throughoUt...ceeveeeeesecerecensecocssecnsnssssnssacscscacee 276 360
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Test hole 30N-46W-13ddd - continued

Depth, in feet

From To
Beaver Wall siltstone: (approximate contact)
Silt and siltstone, very sandy mostly brown; sand is very
fine; less sandy below 560 ft.; contains some small Tlimy
ZONES:veosasnssccsscsssssasasnsss PP 11 620
Silt and siltstone, mostly slightly sandy, mostly brown; more
sandy from 660-680 ft.; few limy zones....... cescsssessesans 620 729
Nonpareil ash zone:
Volcanic ash, very impure, pinkish white...coeeveeecerccncenss 729 731
Silt, probably very ashy, light yellow-brown.............. ceee 731 740
Whitney:
Silt and siltstone, light yellow-brown......cceeeeeevceeccnsns 740 775
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Test hole 33N-45W-31dad
(Field No. 17-B-78)

Location: About 1,600 ft. north and 128 ft. west of southeast corner of
sec. 31, T. 33 N., R. 45 W.

Ground altitude: 3,985 ft. (White Clay SW 7.5-minute quadrangle)

Depth to water: Unable to measure

Depth, in feet

From To
Quaternary:
0T eeeeeeceeonssccssasscssssccsssccascnssonsns cesevssseseansans 0 2
Silt, s]1ght1y clayey, ye]]ow-brown Ceeseseseccenesssscerrnnans 2 5
Sand, silty, pebbly, pale brown; pebbles are most]y lithic
ClastSeeeeeoessoscnsacnoes cecennes Cesseseracsscntsacanen cesaan 5 11
Ogallala:
Sand, silty, pale brown; sand is very fine to fine with some
medium sand to fine gravel; one Timy ZON€...ceeeeeieneeccnns 11 15

Sand and sandstone, very fine to medium with some coarse to
very coarse and a little fine to coarse gravel; contains
numerous limy zones and some interbedded silt............... 15 4]
Upper Harrison:
Silt, moderately to very sandy, brown and ye]]ow brown; sand
is very fine to fine; 1limy zones common in upper part....... 41 101
Sand and sandstone, silty in upper part, brown and yellow-
brown; sand is fine to very fine; trace of medium sand from
120-134 ft.; and trace of coarse sand below 130 ft.;
contains some 1imy zoneS....eceesenens Cetessesrensenernas “.. 101 134
Monroe Creek-Harrison:
Sand, mostly moderately silty, mostly brown; sand is very

fine to fine; contains few 1imy zOneS....cceeeececcesncnnens 134 189
Mostly silt, very sandy, yellow-brown and brown; sand is very
C fine to fiNeeeeieeeeoreeesocossoesscsaseosssssssssasssassnnns 189 225
Gering:

Sand, silty, light brown and light gray; sand is very fine to

fine; contains lithic clasts from 225-230 ft.; few limy

ZONES e e eoeeosssonsconssosssosssssssassasnsssnssssassensssns . 225 243
Sand and sandstone, silty in parts with small amount of pink

claystone; sand is very fine to medium with some coarse;

1ithic clasts and limy zones common........ ceeteesanas ceeenn 243 254

Beaver Wall siltstone:

Silt, sandy, yellow-brown to brown; grades to very silty

sand; sand is mostly very fin€..cceeeeeeeeeseesccccnsnnnnnss . 254 460
Silt, very sandy, and sand, very silty, yellow-brown; sand is

very fine to fine; contains lithic clasts.cceieiviiienennnns 460 468

Nonpareil ash zone:

Volcanic ash, very impure, very pale brown.....cceveeececaces . 468 473
Silt, slightly sand, yellow-brown; sand is very fine......... . 473 489
Silt, very sandy, brown; sand is very fine to fine; lithic

ClaStsS COMMON..cveeeecerocarsssosscsssasssssssssnsssnssnssas 489 508
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Test hole 33N-45W-31dad - continued
Depth, in feet

From To
Whitney:
Silt, slightly sandy, slightly clayey, mostly yellow-brown
and brown; very sandy in parts; sand is very fine........... 508 554
Silt, slightly clayey in parts, light brown............occc.ee 554 600
Silt, slightly to moderately clayey, mostly brown; contains a
- few limy zones..ceevveenne cesenes crettesestcetraressentrennn 600 796
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Test Hole 12N-29W-36ccc (19-H-78)

Location: 327 ft. north and 156 ft. east of southwest corner
Date drilled: August 23, 1978

Ground Altitude: 3020 ft. (t)

Depth to water: Approximately 260 ft.

Total depth: 800 ft.

Quaternary System, Undifferentiated:
Top soil, silt, gray black-very dark brown......cceeeevveeeneen
Silt, sandy, dark 1] oo 1
Sand, very fine-medium, Silty, humic....cciiieriernnnceenncns
Silt, slightly sandy, very fine sand, trace iron stain,
yel]ow DrOWN. s ieieieenerieeestessscnasosasansscnscannascenas
Silt, slightly sandy, paleosol, redd1sh brown...ceievivennenn,
Silt, trace very fine sand, in part limy, yellow brown-very
pale brown, pale brown 128.5-130 ft., paleosol.cecccecenenn.
Silt, limy streaks-concretions, manganese stains, trace very
f1ne sand, slightly clayey, very pale brown....ccceeeeeecnn.
Sitt, limy streaks -concretions, 208-215 ft., trace very fine
sand and manganese staining, pale brown....... ceesesan ceesans
Silt, paleosol?, trace very fine sand, limy streaks, brown-
GraYeeoesseosessssscsscesasccns Cescssesserectatestesteeacenns
Silt, trace very fine sand, limy, brown- green whlte ..... ceanns
Tert1ary System, Ogallala Group
Sandstone, very fine sand, slightly silty and limy, pinkish
Drown...oeeeieseeceiossncosscosasescsssccancas Ceesecssssasas
Sandstone, very s1]ty, very fine sand, green1sh grayeecesseesss
Silt, very limy, Whit@.ceiueeeeseeseoovssoscscerscnscessenacnsen
Sandstone, very silty, very fine sand, greenish gray..........
Sandstone, slightly sﬁlty, very fine sand, rootlets, light
QreeN.vecscseasccsnnnas Ceseesiescssesttssasana Ceserscenannes
Silt, very limy, wh1te..t.... ................. ceanes Ceeeseecene
Sandstone, very fine-coarse sand, moderately silty, greenish
QY aYeeseecosecossssocnsasessssssnsoscssscnse cereesaans ceeaes
Silt, slightly clayey, redd1sh brown with greenish streaks..
Sand and gravel, very fine sand-coarse gravel, moderately
silty...... Ceesescesensessenesasrnscenas Ceecescvsssessanns ces
Silt, slightly sandy, f1ne very coarse sand, trace fine
gravel reddish brown............... ceteceens ceeeseane ceees
Sand and gravel, fine sand-fine grave] trace medium gravel...
Silt, slightly sandy, trace siltstone, grayish white........ .o
Sand and gravel, fine-very coarse sand, trace fine-medium
gravel.c.eeeeeeeesssececeassscnnnnss eesteesessesienecsssanas
Silt, very l1my, sl1ghtly cemented grayish white.............
Sand, very fine-fine, moderately s1lty, reddish brown.........
Silt, very sandy, very fine-medium sand, much fine redd1sh
DroWwNn.ceeerseerestossccsnrasscccs teesesass Ceeeseccsassssnaanse .
Sandstone, very f1ne-med1um sand, moderately silty,

moderately-very limy, pale-very pale brown...c.eeee... ceesee

Sand, very fine-medium sand, much fine-medium, trace coarse-
very coarse, slightly s11ty, brown...... ceeceeansreos ceenees
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Depth, in feet

From

298
302
319
321

369
376
378
384

To

3
20
35

105
110

193
208
272
286
298

302
319
321
324

339
340

342

345
347
356
364
369
375
376
378
384
392

400




Test Hole 12N-29W-36ccc (19-H-78) continued

Depth, in feet

From To

Sandstone, very fine-medium sand, trace coarse, much medium,

slightly-very 1imy, and cemented, moderately silty, very

pale brown-brown......ceeeeeceecessesssssssssessssesccsscnans 400 414
Silt, very sandy, slightly clayey, s]1ght1y-very limy, very

pa]e reddish brown-pale reddish brown......ccoveiieeccncsanes 414 419
Sand-sandstone, very fine-very coarse, much med1um, rare f1ne

gravel, slightly-moderately limy, brown-pale brown.......... 419 434
Sand-sand and gravel, fine sand-fine gravel much coarse sand.. 434 444
Silt, slight-moderately clayey, olive green.....ccccveveueanen. 444 446
Sand and gravel, fine sand-fine gravel, much coarse-very

COArSe SANA..eeeeescecacesascasansssnssascscssssasssanssssnnsns 446 460
Sand-sandstone, very fine-very coarse, much very fine- med1um,

trace fine gravel, moderately silty, slightly limy, trace

lime cement, pale brown...c.eceeececeescosancssscsacsscasess 460 480
Sand and gravel fine sand-fine gravel much coarse-very

COArsSacsass cteeststesateartasesctnseesssacarsossseerenans . 480 496
Sand, very fine-coarse, much fine, moderate]y s11ty and 11me

cemented, very pale brown-white.......cc.o.... ceeaee cesenes 496 504
Sand, very fine-very coarse, much medium-coarse......ccecueess 504 509
Silt, moderately-very limy, moderately-very clayey,

moderate]y sandy, pale brown.......c.... ceetessesacsenscens 509 512

Sand, fine-very coarse sand, trace fine gravel, sl1ght1y
s11ty at 537 ft., s]1ght]y greenish-olive gray-brown-white.. 512 544

Silt, very clayey, pale O0livei.eceeseescecnccoscesccsccncnanns 544 548
Sandstone, very fine-medium sand, moderately silty, cemented,
pale OliVeeveerecocersessnnsvssns cesesscsestserecnssssessnnne 548 560
Silt, very sandy, very f1ne-med1um, trace coarse sand, pale
0liVeetevereneenscosasennsa Cecescessecseseecsasscrtsaonanna 560 568

Sand, very silty, very fine-medium sand, much fine-medium, in
part slightly clayey, slightly limy, trace lime cement,

olive-pale 0liVeieieesverocercnncess Cecesncsscccrerrsenesana 568 618
Sand, very fine-medium, much f1ne, s1lght1y-moderately silty,

gray-brown...seeeeeeececesccesessancsscacscncnosns ceesesenen 618 629
Sand-sand and gravel, very fine sand- f1ne grave] much

medium-coarse Sand, gray.cceceoecesessocsescsssssssssoasccses 629 635
Silt, very sandy, very fine-coarse sand much medium, very

Timy, Whit@eeeiieiierioeeereiereocececccanssecsacsnnnnocnonns 635 642
Silt, very sandy, very fine-coarse, moderately silty,

slightly 1imy, pale gray-brown......ccccvveeienncecsnccccnns 642 645
Silt, very sandy, very fine-coarse sand, sllghtly 11my, pale

gray-brown....cceciiieiieiecieiecnes teesessesessscasnssnssnns 645 651

Sand, very fine-coarse, much medxum—coarse, sl1ght1y s11ty,
slightly limy, gray-gray brown-slightly olive............... 651 680

Silt, very sandy, very limy, white..ccceecerececencnrcanse ... 680 683
Sand, very fine-medium, trace coarse, moderately silty,

moderately limy, very pale brown.....cccecveeececececcccncess 683 690
Sandstone, very fine, medium sand, moderately silty, pale

brown-0live Drown....ccceeceesecesasesssncsccarssscsacanssnnas 690 700
Silt, very sandy, very fine-medium sand, trace brown silt-

stone and claystone, pale 0live.eeieeeeeenrecncencenacacnens 700 711



Test Hole 12N-29W-36ccc (19-H-78) continued

Depth, in feet
From To

Sand, very fine-medium, much fine-medium, slightly silty,
pale 01ive gray-brown......c.eveeeeeseserenonecssecacaonnesss 711 726
Silt with olive claystone, white limestone fragments with
dendritic manganese stains, sandy at 736 ft., olive-pale
01IVBeereeneeeeneeesoesecascsosssosocsasssssssssscacsssseses 126 756
Claystone and chert, dark green.....c.cceeveeiececcreancncccaass 756 758
Cretaceous System, Pierre Formation:
Clay, yellow-gray 770 ft., black 770-780 ft., very hard
787 Flueeeeeeueeoseaeoessaseocesansssssasssscsssssasssasesenss 158 800
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Test Hole 10N-27W-36ddc (24-H-78)

Location: 156 ft. north and 1210 ft. west of southeast corner
Date drilled: September 14, 1978

Ground altitude: 2850 ft. (t)

Depth to water: Approximately 230 ft.

Total depth: 780 ft.

Depth, in feet

From To
Quaternary System, Undifferentiated:
Top soil, silt, slightly clayey, very dark brown-yellow-
DI OWN . et eteeeessocsenossansscesssscsanssssescosnssssssnansse 0 10
Silt, slightly sandy and clayey, gray-brown, humic, sandier
and light brown shells 24-29 ft.....ciieieinirenennnncncnns 10 29

Silt, slightly clayey, trace lime concentrations 75-95 ft.

yellow brown, sandier and brownish yellow 51-59 ft. and

62-66 fte.eeeeeeeeenencsosoesssncesensssssnasosassconnnnons 29 95
Silt, slightly-moderately clayey, very pale brown-brownish

yellow, lime concretions, slightly-very limy, trace very

fine sand 101-106 ft. and 145-158 ft....cvcereeeerernnnncann 95 180
Silt, moderately clayey, very pal brown, very limy in parts.. 180 228

Tertiary System, Ogallala Group:

Silt, slightly sandy, very fine sand, moderately clayey, very

limy, Time cemented, White..iieeeieereeeeeeeenneesoccnnnnnns 228 233
Sandstone, very fine-coarse sand, much fine, moderately limy,

trace rootlets, gray brown-pale reddish brown............... 233 268
Sand and gravel, very fine sand-fine gravel, much coarse-very

coarse sand, trace medium-coarse gravel, reddish............ 268 282

Silt, moderately-very sandy, very fine-medium sand, slightly-
moderately limy, trace thin sandstone seams, pale gray

brown-very pale brown-reddish brown.....c.eieeeeeceeieneenens 282 296
Sand and gravel, fine sand-fine gravel, much very coarse

sand-fine gravel, rare medium gravel....cceeieeiirencencences 296 314
Silt, very sandy, very fine-medium sand, trace coarse,

slightly limy, pale reddish brown-pale olive...c.cveveeeeens 314 325
Silt, very limy with white opaline chert, white...........c.... 325 330
Sandstone, very fine-medium sand with white opaline chert,

reddish brown-brown.....ccceceeeeeeeecenonceececansccacannnans 330 335

Sandstone and silt, interbedded, very fine-coarse sand,
trace very coarse, much fine, silt, very sandy, slightly-

moderately limy, reddish brown-very pale reddish brown...... 335 353
Sand, very fine-very coarse, moderately-very silty, pale

reddish brown.....ceiiieiiniiiiinieencseeaccsnnossccnncnenns 353 357
Silt, moderately sandy, very fine sand, slightly-very limy,

in part lime cemented, pale brown-gray brown................ 357 362

Sandstone, very fine-very coarse sand, much fine with thin

reddish brown-olive-olive gray silt-siltstone seams,

sandstone is moderately silty with trace lime cement, pale

gray brown-reddish brown.......ceeerieneneerreecssconnconnes 362 392
Silt, very sandy, very fine-medium sand, slightly-moderately

clayey, slightly-moderately limy, gray brown-very pale

D OWN . e i i it ittt i it 392 408
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Test Hole 10N-27W-36ddc (24-H-78) continued

Depth, in feet

From To
Sand-sandstone, very fine-very coarse sand, trace fine
gravel, much medium, gray brown......cccceceveeecenensnocease 408 420
Sand and gravel, fine sand-fine gravel, much very coarse
sand-fine gravel, trace medium gravel, granite red.......... 420 438
Silt, moderately clayey, very limy, very pale brown........... 438 441
Sandstone and silt interbedded, sandstone very fine-coarse,
gray brown-brown........cieiiiieiiiiiiietittscstonestsenraas 441 459
Sand-sandstone, very fine-medium sand, much reddish brown
claystone, and pale gray brown sandy silt, brown............ 459 487
Sand-sandstone, very fine-medium, trace coarse, very limy
with lime cement, moderately-very silty with thin olive-
gray brown silt-siltstone seams, gray white-gray brown-pale
Ol IVttt ieteeneeeestoacesnesansosssvacesessaccscnnconsonans 487 516
Silt, very sandy, very fine-medium sand, very limy with lime
cement, trace sandstone, pale olive-white.....ocvvievuvnnnes 516 530
Sandstone, very fine-coarse, much medium, moderately-very %
silty, brown-pale 0live..ceeeeeeneriennrerenesecsnneranannas 530 551 ;
Silt, moderately-very clayey, olive-white..veeeeeeernieennnnns 551 567 £l
Sand, very fine-coarse, trace very coarse, very silty, i
slightly-moderately limy, brown-pale brown.........eeeeeee.. 567 578 b
Silt-siltstone, slightly sandy, very fine-coarse sand, 4
slightly-moderately clayey, slightly limy, olive-olive %
gray-Drown. .. eiiiieniienetetiesetcececesscssancnnannns 578 592 b
Sand, very fine-medium, trace coarse, moderately silty, 3
D OWN .ttt ieteereasennesnoacesssesccnsassocncesscnssennnoanss 592 600
Silt-siltstone, reddish brown and olive...... Cetetteesacacnnes 600 602
Sand, very fine-very coarse, very silty, slightly clayey,
slightly-moderately limy, pale olive-pale gray.....c.cecveues 602 613
Silt, slightly-moderately sandy, very fine-medium, slightly-
moderately limy, slightly clayey, some siltstone and olive
claystone with iron stain, pale olive-olive gray-olive and
DrOWN . e et eteeveercesncrssscsnansassceancssns hesesssesttcenans 613 636
Sandstone, very f1ne fine, 01ive.eieuiiereinetneceneanreeennnne 636 640
Silt, moderately-very sandy, some siltstone and sandstone,
trace dark green-black chert fragments, olives.veeeeeennnnn. 640 645
Silt, slightly-moderately clayey, very limy, white............ 645 650
Sand, very fine-very coarse, moderately 1imy......evevveveenns 650 654
Silt, slightly-very clayey, slightly-moderately limy, very B
Pale DroWNn....iiiieeiiiiieeeeeensetescecsasosacsccnnannsnnnsnes 654 664
Sand, very fine-very coarse, trace fine gravel, moderately
silty with interbedded pale brown silts, much weathered
shale and ironsStonNe...vvieeeienreensceccacesncorocnccsoanaes 664 700
Sand and gravel, fine sand-fine gravel, much very coarse
sand, much ironstone and very pale yel]ow Clayeeeeoencanas .. 700 710
Cretaceous System, Niobrara Formation:
Flint, very hard, yellowish brown-pale yellow-red siliceous... 710 711.5
Chalk, limy, br1ght yellow-orange-dark brown 711.5 727
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Test Hole 10N-27W-36ddc (24-H-78) continued

Depth, in feet

From To
Clay, shaley, gray, occasional pyrite, very calcareous,
speckled, yellow-orange-dark brown claystone pebbles
and fragments 744-745 ft...veiviiiiienercnsecnsassnsosascans 727 745
Clay, shaley black-gray b1ack w1th silver b]ue streaks and
trace ironstone and yellow-orange, speckled, some pyrite.... 745 780
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Test Hole 38-79

Location: Otoe County, SE corner SW sec. 6, T. 9 N., R. 13 E.,
approximately 20 feet north of south section line
and 152 feet west of half section line.

Ground-level elevation: 1,045.5 feet above mean sea level.

Started: June 20, 1979. Completed: June 25, 1979.

Total depth: 500.0 feet.

Description Depth, in feet

From To

Quaternary System:
Soil, dark brown, silty, clayeYe.eeecscecscceccas 0.0 - 4.0
Silt, brown, Clayey.cecececsssasossccsscassccnsose 4.0 - 5.0
Silt, light brown, clayeyeececececscrececcossacasnsnse 5.0 - 10.0
Silt, light brownish gray, clayeY..eceeeeeeessss 10.0 - 16.5

Silt, pale reddish brown, clayey, sandy........ 16.5 - 22,0
Silt, very light tannish gray, clayey....eeee.. 22.0 - 30.0
Sand, medium to very coarse, and gravel,

very fine tO CcOars€...cceceveecscescsccsccesss 30,0 - 32,5

Silt, light tannish gray, clayey, siltye.eeee... 32.5 - 35.0
Clay, light gray, Silty.ccecceescesscccsasesses 35.0 = 37.0
Clay, dark gray, Silty.cecceececscecesesccssssse 37.0 = 44.0
Clay, light gray, Silty.eecsvecccsccscescceeases 44.0 - 47.5
Sand, fine to very coarse, and gravel, very
fine to medium; contains limestone
fragmentsS.ccceeecceesssccccscscassccsssncsaces 47.5 - 52,0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Scranton Formation:
White Cloud Member:
i Shale, pale Olive..c.ceeeccecccccccansnsssnsass 52,0 - 56.5
Shale, dark gray with traces of olive
MOttling.ececeeeeeoscccescasscsesssannsscansssess 56.5 = 62.0
Shale, medium gray.ccccseccscsccescscscsscsccncscses 62.0 - 66.6
Howard Formation:
Limestone, medium gray very finely to finely
crystalline, shaley; contains pyrite......... 66.6 - 68,2
Limestone, dark tannish gray, very finely to
finely crystalline; contains brachiopods,
algal material, and abundant ostracods....... 68.2 = 70.6
Severy Formation:
Shale, dark gray..cccececceccccsscsccscscsscsccsccses 70.6 = 71.0
Shale, blaCKk...veceeeeosssccssccscscsssssesssese 71,0 = 72.0
Shale, medium gray..ccccescecccssssccscsccnscncse 712.0 = 72,3
Shale’ black....................-.............. 72.3 - 72.9
Shale, medium to light gray...cccececcescccecceces 72.9 = 79.5
Coal, blackeeeceeeecescsccesossscsasnscsasscnssee 719.5 - 80.1
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Test hole 38-79 continued
Depth, in feet

From To

Shale’ light gray. ®« & & ¢ 5 5 &5 © 0 96 D P O S S SO G S 0P a s e 80‘1 - 81'7
Limestone, dark gray, finely crystalline....... 81.7 - 83.4
Shale r medium gray. ® ® 5 0 6 & © & 0 0D 9O S S G OO O OO e 0 e e e o 83 - 4 - 84 L] 8

Shawnee Group:
Topeka Formation:
Coal Creek Member:
Limestone, dark gray, finely crystalline....... 84.8 - 85,2
Limestone, medium gray, finely crystalline;
contains fusulinids and pyrite; interbedded
with shale, dark gray, at 86.0-86.1.......... 85.2 - 87.2
Shale, dark gray..cceeceesccccoccscsscscecccsass 87.2 =~ 87.6
Limestone, medium to dark gray, finely
crystalline; contains brachiopods and
abundant crinoidS.ccceccceccecccccsccccssscsss. 87.6 - B88.5

Shale, medium gray, limy..cccceccceccccccsecssss 88.5 - 89.0
Limestone, medium gray, finely crystalline;
contains crinoids and brachiopods.....scec... 89.0 - 89.4
Holt Member:
Shale, dark gray..ccecececccsssescscascsecsscsesecss 89.4 - 90.1

Shale, blaCK..eeceeecccesscssccssossssassassscass 90.1 - 91.3
DuBois Member:
Limestone, medium to dark gray, finely
crystalline; contains brachiopods and
PYLit@eceeeeesccrsaccoascesassnscssscsccnsassss 91.3 - 91.8
Shale, medium to dark gray, limy....ceceeeseee. 91.8 - 92.3
Limestone, light gray to light greenish gray,
finely crystalline, shaley; contains

crinoids...ﬁ'..0......l....'....-......l..'.l 92.3 - 9300
Turner Creek Member:
Shale, light to medium gray...cceeceecessessecsss 933.0 = 94.8

Sheldon Member:
Limestone, very light tan, finely crystalline;
pseudo-oolitic; contains QOsagia, brachiopods,
and gastropodsS...cccesvecscascscssrsccccsccasss 4.8 - 99.4
Jones Point - Iowa Point Members:
Shale, light gray; interbedded with thin
1imesStoONeS..ccecersccscccsccssasccscsccssasccass 99.4 =~ 102.0
Shale, medium gray; interbedded with thin
limestOneS..cceeaceccscssescsssasssasccnseses 102.0 = 103.5
Hartford Members:
Limestone, very light gray, very finely to
finely crystalline; contains crinoids,
glauconite, and abundant fusulinids.......... 103.5 - 105.5
Calhoun Formation:
Shale (nNO sample)..ccecescecssvescsssvscassnseass 105.5 =~ 105.6
Deer Creek - Tecumseh Formations:
Ervine Creek Member:
Limestone, very light tan, very finely to
finely crystalline; contains gastropods...... 105.6 - 107.3
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Test hole 38-79 continued

Depth, in feet
From To
Limestone, light tannish gray, very finely to
finely crystalline; contains brachiopods,
algal material, and bryozoansS........ecescoss 107.3 = 111.0
Limestone, very light gray to white, very
finely crystalline; contains coral,
fusulinids and pyrit€..cceeecosecscessseseass 111.0 =~ 115.4
Limestone, dark tannish gray, finely crystal-
line; contains crinoids and fusulinids....... 115.4 - 121.1
Shale, medium to dark gray, hard, contains
fusulinids and crinoids....ccceveseecssasesss 121.1 - 121.9
Limestone, light to medium gray, finely
crystalline; contains crinoids............... 121.9 = 123.3
Shale, MediUmM gray..ceceeseeeessccccccsssssases 123,3 = 124.6
Limestone, light gray, finely crystalline;
contains CrinoidS..eceececcccccssscasescasscsss 124.6 - 125.3
Larsh Member:
Shale, medium graY..cecceseccccessonccessccsosse 125.3 = 125.8
Shale, dark gray toO blacKk......eeeeeeoccccessss 125.8 = 126.4
Rock Bluff Member:
Limestone, medium tan, very finely crystal-
line; contains brachiopods and fusulinids.... 126.4 - 129.2
Oskaloosa - Rakes Creek Members:
Shale, Medium GraY..ceeecscceccccccccnccnsnesss 129.2 = 131.6
Silt, light bluish gray.ceeceeeececcececeeeecasass 131.6 =~ 142.0
Silt, light bluish gray; interbedded with
sandstone, light bluish gray, at
143.0-144.000cceeeeeccasosaascscassensesscsss 142.0 - 147.0
Silt, light bluish gray; interbedded with
sandstone, light bluish gray, at 151.6....... 147.0 - 157.0
Shale, medium to light gray.....ececeeeeeeceees 157.0 = 158.5
Shale, reddish brown......eeceeeeesecseccsessss 158.5 =~ 161.3
Ost Member:
Limestone, light gray to light greenish gray,
very finely to finely crystalline; inter-
bedded with shale, reddish brown.....e.cce.... 161.3 - 164.5
Shale, pale reddish gray; interbedded with
thin 1limy ZONES....ceasccecsesccccscsscccssss 164.5 = 165.0
Limestone, very light greenish gray, finely
crystalline, shaley..ceceeeeecececsccscacases 165.0 = 165.8
Kenosha Member:
Shale, reddish brown with traces of gray to
greenish gray..cccceosescesccececcsccsascsssss 165.8 = 169.0
Shale, gray to greenish gray with traces of
reddish DrOWn......cecsoeccscscsscncssscasess 169.0 = 170.0
Lecompton Formation:
Avoca Member:
Limestone, tannish gray, finely crystalline,
shaley; contains crinoids........ccceeeeeee.s 170.0 = 171.2
Limestone, dark gray, finely crystalline,
shaley; contains crinoids and fusulinids..... 171.2 - 171.4

126




Test hole 38-79 continued

Depth, in feet
From To
Limestone, medium gray, finely crystalline; -
contains crinoids and fusulinids....cccccce.. 171.4 - 174.0
King Hill Member:
Shale, medium gray...cccccececcecascccccscscssss 174.0 =~ 175.0
Shale, reddish brown.....cceeeceesceccessscessee 175.0 =~ 177.5
Limestone, brown, finely crystalline, shaley... 177.5 - 178.0
Shale, greenish gray....ccceeceecescceccacccecss 178.0 = 180.3
Beil Member:
Limestone, light tan, very finely crystalline,
pseudo-oolitic in part; contains QOsagia,
algal material, and fusulinidS.....ecceceee.. 180.3 - 183.3
Limestone, light tan, very finely crystalline;
contains pyrite, brachiopods, and crinoids;
interbedded with shale, greenish gray........ 183.3 - 185.0
Limestone, light tan, very finely crystalline;
contains crinoids, brachiopods, fusulinids,
and pyrite....cccceeccccccccccesescsanansnsss 185.0 - 187.4
Queen Hill Member:
Shale, light gray..cccceeccecccccesecsecssccecsccas 187.4 - 188.0
Shale, dark graye..c.ccececceeccecsccccsccssessessesss 188.0 - 189.0
Shale, black:; contains carbonaceous material... 189.0 -~ 192.3
Big Springs Member:
Limestone, tannish gray, very finely to finely
crystalline, impure; contains fusulinids,
crinoids, and brachiopodS....eeccecececeecesss 192,3 - 194.1
Doniphan Member :
Shale, light to medium gray; interbedded with
thin limy zones at 195.0 and 196.0........... 194.1 - 197.0
Spring Branch Member:
Limestone, light tan, finely crystalline;
contains crinoids and algal material;
interbedded with shale, greenish gray........ 197.0 - 198.3
Limestone, light gray, very finely crystal-
line; contains crinoids, algal material,
and glauconite.....ceceeieceesencccccnsncsscass 198.3 =~ 202.6
Shale, dark graye.ccceccesccssscccssccccasaccacsss 202.6 - 203.4
Shale, light gray, limy.cccceecccsccassccasceses 203.4 - 204.6
Kanwaka Formation:
Stull Member:
Shale, light gray..c.cceceececscccccaccasessaass 204.6 - 206.0
Clay Creek Member:
Limestone, medium gray, finely crystalline,
shaley; contains crinoids and abundant
brachiopods.....c.ceeeeirteeceesscascscaecsnass 2060 = 206.7
Jackson Park Member:
Shale, medium gray...eceeeeececcccsccccccecccecss 206.7 - 207.8
Oread Formation:
Kereford Member:
Limestone, light gray to tannish gray, finely
crystalline; contains ostracodS......ecce.... 207.8 = 209.7
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Test hole 38-79 continued
Depth,

in

feet

From

Limestone, very light tan, very finely
crystalline; contains fusulinids, ostracods,
pyrite, and glauconite....ccccecececcccecea.s 209.7

Limestone, very light gray to white, very
finely to finely crystalline; contains
brachiopods, pyrite, and abundant
fusulinidsS..cieeeereessecccccascccssecennceas 212.0

Heumader Member:
Shale, light gray, limy..cccecscscccccccosaasas 215.2
Plattsmouth Member:

Limestone, light gray to very light tan, very
finely to finely crystalline, pseudo-oolitic;
contains fusulinids and chert....cceceeeeee.e 215.5

Limestone, medium gray to tannish gray, finely
crystalline; contains chert and abundant
fusulinidS.cececeesecescssascsnsscascnsnssanss 219.8

Limestone, tannish gray, finely crystalline,
impure; contains abundant fusulinids and
abundant algal material....ccccececenccecscss 223.0

Limestone, tannish gray, finely crystalline;
contains crinoids, glauconite, and "black
INClUuSIiONS " iieeeeeececanccsasacsscossassnenssee 227.0

Heebner Member: ,
Shale, medium gray..ceececescocscssccsssccsssaas 229.8
Shale, blaCK.eeieeeeeanecscsnsssccsscsscnssasscees 231.9
Leavenworth Member:

Limestone, medium tannish gray, very finely
crystalline; contains fusulinids, crinoids,
brachiopods, gastropods, and "black
InclusSions”..ccveecerssoscnscscasassacnseaseass 233.9

Snyderville Member:

Shale, light gray..ccccecescecccsescscsasccaccsaas 235.7

Shale, light greenish gray..cccceceeecescccccccss 242.0

Shale, reddish DrOWNn...cccevecseecosssscsacececece 244.5

Toronto Member:

Limestone, very light tan to white, very finely
crystalline; contains brachiopods, algal
material, chert, and pyrite....ceceececcesce. 250.4

Limestone, very light tan to white, very
finely crystalline; contains fusulinids;
interbedded with shale, gray, greenish gray,
and reddish brown....cceeeeceececcecececsseceacees 257.5

Douglas Group:

Lawrence Formation:
Shale, light gray.ccccceccccesscscensscesscssasss 260,0
Shale, reddish brown......ccceeccecncsccccacssss 262.0
Shale, varicolored, reddish brown, gray, and

greenish gray...ccceecesceccccssccscccsccccses 273.0

Shale, medium gray..cceccecesccecacsssceocascnses 278.5
Shale, blaCK.eeeeeeseseccccctoncesoscssccsnancssse 294.0
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Test hole 38-79 continued
Depth, in feet

From To
Shale, medium gray..ceceseeecsccscscsccccccsssss 294.5 = 303.6
Cass Formation:
Haskell Member:
Limestone, medium gray, finely crystalline,
impure; contains crinoids, brachiopods,
and abundant fusulinidS.....ccccccceccccaces. 303.6 - 306.6
Little Pawnee Member:
Shale, medium gray...cccecececcesecccssscsacssess 306.6 = 307.5

Shale, blacCK..eeeeeesoscsocscscsasssasseasasssas 307.5 =~ 308.3
Shoemaker Member:
Limestone, dark gray, finely crystalline;
contains brachiopods, crinoids, and
fusulinids....cceeeecescecsscossscssessasacess 308.3 =~ 309.4
Plattford Formation:
Unnamed Member:
Shale, light to medium gray..ecceeeecsccesesseass 309.4 - 311.0
Shale, light gray to light greenish gray....... 311.0 - 311.6
Shale, reddish brown......ceecevecseeecesesssess 311.6 = 317.5
Nehawka Member :
Limestone, very light tan, very finely
crystalline; contains brachiopods and
CrinOidS..cececersccscacsccsssaccsssnccsasseas 317.5 == 324.0
Shale (Nno sample)..ceeeceessncccccoscnencncaaess 324,0 = 325.,2

Missouri Series - Lansing Group:
Stanton Formation:
South Bend Member:
Limestone, very light tan, very finely
crystalline, contains crinoids....ccces0es... 325.2 = 326.6
Rock Lake Member:
Shale, reddish brown; interbedded with lime-
stone, very light ta@n...ecececeecececacecenses 326.6 =~ 329.0
Limestone, very light tan, very finely
crystalline; contains fusulinids and
brachiopodS..e.ccccececccccecscccssscscsasaass 329.0 - 330.0
Shale, greenish gray interbedded with reddish
brown and gray...ccccecescescscccssascssccsaas 330.0 = 332.,0
Stoner Member:
Limestone, very light gray to white, very
finely crystalline; contains crinoids,
fusulinids, bryozoans, and algal materlal.... 332.0 - 337.0
Limestone, very light greenish gray, very
finely crystalline; contains brachiopods
and Ccrinoids....cccececccccccoccscnncnscscass 337.0 = 342,0
Limestone, very light greenish gray, very
finely crystalline...ceccececescesscececcscacaas 342,0 =~ 347.0
Limestone, very light bluish gray, very
finely crystalline; contains fusulinids...... 347.0 - 348.0
Shale, light greenish gray, limy......ccecce... 348.0 - 349.0
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Test hole 38-79 continued
Depth, in feet

From To

Limestone, light greenish gray, very finely
crystalline; interbedded with shale, light
greenish gray....cceceeeececccccccccccscccnce 349.0 - 352.9
Eudora Member:
Shale, greenish gray; interbedded with lime-
stone, light greenish gray, very finely
Crystalline....cceeeececcecescocescessosceaes 352.9 = 354.3
Captain Creek Member:
Limestone, greenish gray, finely crystalline;

interbedded with shale, greenish gray........ 354.3 - 355.6
Vilas Formation:

Shale, greenish gray...ccceeeeeeesccesscsecessss 355.6 = 356.0
Limestone, greenish gray. finely crystalline;

contains crinoids; interbedded with shale,

greenish gray...ececeeecececcscsssccsssescasces 356.0 = 357.0
Shale, blaCK..eececessssccccosssscsasccssssasss 357.0 - 357.4
Shale, reddisSh DrOWN.....eeeeeeesssscsacssssses 357.4 = 359.0
Shale, greenish gray...eceeeeeeccececsccssaesss 359.0 = 359.1
Limestone, light tan, very finely crystal-

line; contains brachiopodS....eeeeeeseeeeesas 359.1 - 359.7
Shale, dark gray to blacK......eeeeccecsscseses 359.7 = 360.0
Shale, medium gray...cccesseceecescscsccscsssss 360.0 =~ 362.0
Shale, greenish gray to medium gray............ 362.0 - 362.3

Plattsburg Formation:
Limestone, very light tan with greenish tint,
very finely to finely crystalline; contains

fusulinids and gastropodS.....cececeecesecss. 362.3 - 366.7
Shale, light greenish gray, limy........c.....0 366.7 = 368.0
Limestone, very light gray, very finely

crystalline....cceeeeececccecsscnsescccecsses 368.0 - 371.5

Kansas City Group:
Bonner Springs Formation:
Shale, light bluish gray to greenish gray...... 371.5 = 376.5
Wyandotte Formation:
Farley Member:
Limestone, light tan, very finely to finely
crystalline; contains crinoids, fusulinids,
and algal material....cececececesscscccasasss 376.5 = 377.0
Shale, light greenish gray, limy......ccccce... 377.0 - 377.6
Limestone, very light tan, very finely
crystalline; contains pyrite..........cc00000 377.6 - 383.2
Limestone, very light tan, very finely
crystalline; interbedded with shale, light
greenish gray....cceeceeeeccscecsascccssscessss 383.2 - 388.3
Island Creek Member:
Limestone, light tan to light greenish gray,
very finely crystalline; interbedded with
shale, greenish gray to white..........c..... 388.3 - 390.0
Argentine Member:
Limestone, light tan to white, very finely to
finely crystalline.....ceecceeeeccecccccseesss 390.0 =~ 407.0
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Test hole 38-79 continued

Depth, in feet
From To
Limestone, very light tan to white, very finely T
crystalline; contains fusulinids and pyrite.. 407.0 - 415.4
Quindara Member:
Shale, dark gray to black....cececeeeecseeaesss 415.4 - 416.9
Frisbie Member:
Limestone (electric log)..eececescesscscscsases 416.9 - 418.2
Lane Formation:
Shale, dark greenish gray; interbedded with
thin limestone SEAMS...ccceeecessssaccscseses 418.2 =~ 436.0
Iola Formation:
Limestone, shaley (electric 1log)...ceeeeeeee... 436.0 - 438.5
Limestone, light tannish gray to white with
light greenish gray tint; very finely
crystalline; contains algal material......... 438.5 - 443.5
Shale (electriC lOg).ceececcesososacssasaseasesss 443.5 - 444.5
Limestone (electric 1l0g)..ceccececssecaccsasssss 444.5 - 445.5
Chanute Formation:
Shale, greenish gray...ccecesececccecccecsscsesss 445.5 - 451.5
Drum Formation:
Limestone interbedded with shale (electric
1O0G) e eeeeeasoscocasassssscassesnccnsnsncescases 451.5 =~ 467.5
Quivera Formation:
Shale (electricC lOg).eceecescsacscccssesacacasss 467.5 = 473.0
Sarpy Formation:
Westerville Member:
Limestone (electriC 1lO0g).eeeeeessccccscsccacsss 473.0 - 483.5
Fontana Formation:
Shale (electric log).ceeeeecesccscacsacsecseseass 483.5 - 490.8
Dennis Formation:
Winterset Member:
Limestone {electric 1log)..cececeeerasccacesssss 490.8 -~ 500.0
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Test hole 38-79 continued

Limestone, very light tan to white, very finely
crystalline; contains fusulinids and pyrite..
Quindara Member:
Shale, dark gray to black.eeeccececccccoscecsosescssece
Frisbie Member:
Limestone (electriC 1lo0g).ececececccccccsosacsnns
Lane Formation:
Shale, dark greenish gray; interbedded with
thin limestone SEAMS...ccccscsccccccsscsscancs
Iola Formation:
Limestone, shaley (electric log).ececececcceccces
Limestone, light tannish gray to white with
light greenish gray tint; very finely
crystalline; contains algal material.........
Shale (electriC 1lOg).ceesesescccscsocacacsccnsa
Limestone {electric 1og).cececeecccccccccanconas
Chanute Formation:
Shale, greenish gray.ccceececccccscsccsscsccnaes
Drum Formation:
Limestone interbedded with shale (electric
1Og) eeeeeceeacoscsasacssccssassssasssacsaccans
Quivera Formation:
Shale (electric lOog).ceecesecesscscnccccscccccns
Sarpy Formation:
Westerville Member:
Limestone (elecCtricC lO0g).ecececsssccosacccccenccs
Fontana Formation:
Shale (electricC lOg).ieceecscecccccecccscocancs
Dennis Formation:
Winterset Member:
Limestone (electricC log).ccevsesececccacscacace
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Depth, in feet
From To
407.0 - 415.4
416.9 - 418.2
418.2 - 436.0
436.0 - 438.5
438.5 - 443.5
443.5 <~ 444.5
444.5 - 445.5
445.5 - 451.5
451.5 - 467.5
467.5 =~ 473.0
473.0 - 483.5
483.5 - 490.8
490.8 - 500.0




Test hole 39-79 continued
Depth, in feet

From To

Limestone, medium gray, finely crystalline,

impure; contains brachiopods and "black

inclusSions” . iccieeeesceesassssesscsneccancasss 32,8 =~ 33.4
Turner Creek Member:
Shale, light gray.ccccceccceccscsccscscaccssceses 33.4 - 34.9
Sheldon Member:
Limestone, light tan, finely crystalline,

pPseuUdo—00litiCecectecaccescsccccsccccnsssceceses 34.9 - 36.0
Limestone, light tan, finely crystalline,

pseudo~oolitic; contains Osagia.ceceeceeeece. 36.0 - 38.9
Limestone, light tan, finely crystalline,

shaley; contains algal material.........e.... 38.9 =~ 39.5

Jones Point Member:
Shale, light gray to light greenish gray, hard
and liMY.ececeeeecsocccesccscscscssasasansnses 39.5 = 42,0
Shale, light greenish gray to medium gray,
1imy.eeeeeeeceaescossacscecscscccsaccncosancseass 42.0 - 42,6
Shale, light greenish gray to medium gray,
hard and limMy...ccececcescccncccscccacsscocsees 42.6 = 42,9
Shale, medium greenish gray; interbedded with
thin, hard, limy zoneS....c.ccceoecceeceeveees 42.9 - 44.6
Curzon Member:
Limestone, very light gray to white, very
finely to finely crystalline, shaley
UPPEYr l.0.ceececcecoccscccsacccssnsacsssscecses 44,6 =~ 46.1
Shale, light gray, hard...ececcececeececccccesss 46.1 - 46.5
Limestone, very light tan, very finely
crystalline; contains abundant chert, light

bluish gray; contains sponge spicules........ 46.5 - 48.0
Limestone, light tan to gray, finely crystal-

line; contains fusulinids and crinoids....... 48.0 - 49.4
Iowa Point Member:
Shale, medium greenish gray, limy..e.c.eccceceees 49.4 -~ 49.8
Shale, light to medium greenish gray, limy..... 49.8 - 50.0
Shale, dark gray to black, hard........ccc00e.. 50.0 - 50.3
Shale, medium greenish gray....cceeeececeeceses 50.3 =~ 50.5

Hartford Member:
Limestone, medium brown, finely crystalline;

contains dark gray and white "inclusions".... 50.5 - 52.0
Calhoun Formation:
Shale' dark gray..............'.............'.. 52.0 - 53.0

Deer Creek - Tecumseh Formation:
Ervine Creek Member:
Limestone, light to medium brown, very finely
to finely crystalline, vuggy or "reef-like"
texture; contains brachiopods and
gaStrOPOdS.ccceeessoracesessccancsscsssnsesss 53.0 - 56.0
Limestone, light gray mottled with tan, very
finely crystalline; contains brachiopods
and chert.....ciceereecceccccsccccsnoncasaecas 56,0 - 57.0
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Test hole 39-79 continued

Depth, in feet
From To
Limestone, medium to dark brown, very finely
to finely crystalline, "speckled;" contains .
algal material....cccececsccececcccanscasaecs 27,0 = 60.0
Limestone, light tan to light gray, very
finely crystalline; contains algal
material and ostracodS...cccceccceccscccsesss 60.0 - 60.3
Limestone, light gray to light tan, irregu-
larly crystalline, impure; contains
brachiopods, pyrite, and ostracods........... 60.3 - 60.8
Limestone, medium brown, finely crystalline;
contains fusulinidS....cciseveeecccccocceccees 60.8 - 65.0
Limestone, medium brown, finely crystalline;
contains abundant fusulinidsS......ceeeeeeeese 65.0 - 67.6
Shale, dark greenish gray...cceccececccscccssssss 67.6 - 68.4
Shale, medium gray with greenish tint.......... 68.4 - 69.0
Limestone, light tannish gray, finely
crystalline; contains pyrite......ceeeceeee.. 69.0 - 69.9
Larsh Member:
shale, medium greenish gray....ccecececececcececsess 69.9 - 71.0
Shale, black, hard...ccececescsccvsscnccscscssses 71.0 - 72,0
Rock Bluff Member:
Limestone, light to medium brown, very finely
crystalline; contains fusulinids and dark
brown "inclusions"......ccccccc0000c00s0cnaes 12.0 - 72.5
Limestone, light to medium brown, very finely
crystalline; contains fusulinids............. 72.5 - 74.1
Oskaloosa - Rakes Creek Members:
Shale, medium gray..eccescesscsssccssscsccsosces /4.1 - 74,5
Shale, light to medium gray, limy.....cccccceee 74.5 - 79.0
Sandstone, light greenish gray, very finely
grained..ccceeecccceccccccsccsscccsecccessacae 19.0 =~ 85.0
Sandstone, light greenish gray, very fine
grained, Silty..eeccececsececccceccsccsccecsssss 85.0 - 93.6
Shale, light greenish gray....cccecceeceececceeees 923.6 - 095.5
Shale, light greenish gray, limy......cccceccee 95.5 - 98.3
Shale, reddish brown, hard....cecececececceececes 98.3 - 99,0
Ost Member:
Limestone, light tan speckled with medium gray,
irreqularly crystalline; contains ostracods.. 99.0 - 100.0
Limestone, light greenish gray, very finely
crystalline...ceecesccccscecacscccccccccaeassss 100.0 - 102.0
Shale, light reddish brown.....c.ccceeceeeeeeess 102.0 - 103.5
Shale, medium gray with reddish tint........... 103.5 - 105.5
Shale, light to medium gray...c.ceccececeeeeeeess 105.5 - 106.0
Limestone, light tannish gray, finely crystal-
line; interbedded with shale, light to
MEediUum GraY.seseesececsscccccnsccncscsacccsnsses 106.0 - 106.5
Kenosha Member:
Shale, OliVe.i.cceoeecacccssacesssosncssccssncss 106.5 =~ 108.5
Shale, medium gray...ccccececsccsosssscccsscecsss 108.5 - 109.4
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Test hole 39-79 continued
Depth, in feet

From To
Lecompton Formation: -
Avoca Member:
Limestone, light to medium greenish gray,
very finely crystalline; contains crinoids
and fusulinidS....ceeecescscccssssssccasassss 109.4 - 110.5
Shale, dark gray to blacK.esecssecoeessoscesaess 110.5 = 110.7

Limestone, dark tannish gray, very finely to

finely crystalline; contains Osagia.......... 110.7 - 112.0
Limestone, medium to dark tannish gray, very

finely to finely crystalline; contains

crinoids and abundant fusulinids.......¢.e.... 112.0 <~ 112.5
King Hill Member:
Shale, light greenish gray....cccecceceececeeeeees. 112.5 = 113.5
Shale, reddish brown....ceeeeescscceseasssssesss 113.5 - 116.8
Shale, reddish 0liVe..eceescscccesesesssesssees 116,8 - 118.0

Shale, light greenish gray, limy.....ccccccc0.. 118.0 - 120.0
Beil Member:
Limestone, light tan, very finely crystalline.. 120.0 - 121.3
Limestone, light tannish gray, very finely to
finely crystalline; contains coral, brachio-
pods, and fusulinidS...eecececcsscssccscssess 121.3 - 122.0
Limestone, light tannish gray, finely

crystalline; contains abundant coral......... 122.0 - 123.6
Limestone, light tannish gray, very finely to
finely crystalline; contains coral........... 123.6 - 124.1

Limestone, light to medium greenish gray,
finely crystalline; contains brachiopods and
PYXit@eeeroeeeesecooeonocsascscscsancnsssannsss 124.1 - 125.2
Queen Hill Member:
Shale, light to medium greenish gray........... 125.2 - 127.4
Shale, dark 0liVe QGray.eessecescsececcsscsccsssseass 127.4 - 128.5
Shale, black, hard......ecccecccccccscccccncecs . 128.5 -~ 130.4
Big Springs Member:
Limestone, medium tannish gray, very finely to
finely crystalline; contains pyrite and

CrinOidS........-......................-..... 130.4 _131.7
Doniphan Member:
Sha.le, medium greeniSh gray.-.........-........ 131.7 - 135.3

Spring Branch Member:
Limestone, light to medium tan, irregularly

crystalline, impure, conglomeritic-like

texture; contains "black inclusions"......... 135.3 - 136.0
Limestone, light tannish gray, irregularly

crystalline, conglomeritic-like texture;

contains "black inclusions".....ccec0000000.. 136.0 - 137.2
Limestone, light tan, finely crystalline;

contains brachiopods and algal material...... 137.2 - 138.0
Limestone, light tannish gray, very finely to

finely crystalline; contains algal material.. 138.0 - 139.7
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Test hole 39-79 continued

Depth, in feet
From To
Limestone, light tan with gray tint, very
finely to finely crystalline; contains
brachiopodS...ccceeessvessccssscessacassseaas 139.7 = 141.5
Shale, 0liVe DrOWNn....e.cceieeeecesscecccccccsssss 141.5 = 142.0
Shale, dark olive tO blacKk...eeeeeeeesccccccess 142.0 = 144.0
Shale, medium gray (may be poor sample)........ 144.0 =~ 145.0
Kanwaka Formation:
Stull Member:
Shale, medium gray, hard and limy......c.ec.... 145.0 =~ 147.8
Clay Creek Member:
Limestone, light tan, finely crystalline;
contains brachiopods and "black inclusions".. 147.8 - 148.6
Jackson Park Member:
Shale, light to medium olive gray.............. 148.6 - 150.0
Oread Formation:
Kereford Member:
Limestone, medium tan, finely crystalline...... 150.0 - 150.1
Chert, medium brown with light blue
mottling, very microfossiliferous;
interbedded with limestone, medium tan,
finely crystalline; contains fusulinids...... 150.1 - 150.7
Limestone, very light tan, finely crystal-
line; contains brachiopods and
abundant fusulinidS...c.ceeccseesccccsessseass 150.7 = 155.3
Heumader Member:
Shale, medium gray, liMy...ccceeceeeeecceasseass 155.3 =~ 156.0
Plattsmouth Member:
Limestone, light to medium tan, very finely to
finely crystalline; contains fusulinids,
Osagia, and abundant algal material...cee0... 156.0 - 160.0
Limestone, medium gray, very finely to finely
crystalline; contains abundant fusulinids.... 160.0 - 161.8
Linestone, medium tan mottled with light tan,
very finely to finely crystalline;
contains fusulinidS..c.cecescesccscecccccsaces 161.8 = 165.0
Limestone, light to medium gray, finely
crystalline; contains crinoids, pyrite,
and fusulinidS...cecececsccsccssscscseseeseess 165.0 - 167.0
Heebner Member:
Shale, Medium gray...cccesscescccccscscsccsscces 167.0 = 168.0
Shale, black, hard...ecceeeececcceccccccscscess 168.0 - 171.3
Leavenworth Member:
Limestone, medium tannish gray, very finely
crystalline; contains fusulinids............. 171.3 = 173.1
Snyderville Member:
Shale, light to medium greenish gray........... 173.1 - 178.5
Shale, light to medium gray with traces of
pale reddish brown.....ceececececessccessssss 178.5 = 179.0
Shale, light to medium greenish gray........... 179.0 - 181.0
Shale, reddish brOWn....ecceceeceecceccccccases 181.0 - 189.0
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Test hole 39-79 continued

Depth, in feet
From To
Shale, medium greenish gray, limy.....ecc00.... 189.0 - 189.8
Toronto Member:
Limestone, light tan, very finely to finely
CrysStalline..ccecceeccecscecncssccncsesssecssssccssas 189,8 - 191.1
Limestone, light greenish gray, very finely
crystalline; contains pyrite and algal
material...ccceececccccccccscncsaccscsccnsscss 191.1 - 191.8
Limestone, light tan, very finely crystalline;
contains chert, gray.cecececcceccecascesccscssceese 191.8 = 193.0
Limestone, light greenish gray, very finely to
finely crystalline, impure, conglomeritic-
like texture..eceeceeccccscccsossnssscsscccssss 193.0 - 194.3
Limestone, light greenish gray with traces of
pale red, very finely to finely crystalline.. 194.3 - 195.5
Shale, reddish brown, limy....ecectecesccecessess 195.5 =~ 198.2
Limestone, light greenish gray mottled with
tan, finely crystalline; contains brachiopods
and abundant pseudo-ooliteS...cc¢cececceessa.. 198,2 -~ 198.8
Douglas Group:
Lawrence Formation:
Shale, reddish brown....ceceececeescccescscccccass 198.8 =~ 209.0
Shale, reddish brown mottled with olive........ 209.0 - 214.0
Shale, light to medium greenish gray........... 214.0 - 214.5
Shale, 0liVe..cccteeecenccesacccssnscssscsasaanss 214,55 =~ 216.0
Shale, 0liVe gray..ceeececcecccsasancosasceceascss 216.0 - 218.0
Shale, MediUumM gray.cscsceccccecsssscsccscnseassess 218.0 = 229.0
Shale, medium gray; interbedded with sand-
stone, medium gray, fine grained............. 229.0 - 229.7
Shale, medium gray.ccceeesscccesesancssssansnss 229,.7 =~ 235.6
Shale, black, hard...ccceececeececnccocscesessas 235.6 =~ 235.9
Shale, light gray..cecceccceceacececcesscscaana eee 235.9 =~ 240.0
Shale, light gray with olive tint....cccceeeee. 240.0 =~ 240.6
Shale, medium gray with olive tint............. 240.6 - 243.0
Shale, medium gray.ceccecescsccscsnsesccsoccscanes 243.0 =~ 246.0
Cass Formation:
Haskell Member:
Limestone, medium gray mottled with dark gray,
finely crystalline; contains brachiopods and
CrinoidS..ceveeecececccsscanscccsasscssacssnes 246.0 =~ 247.3
Limestone, medium gray mottled with dark gray,
finely crystalline, shaley...cccceeececececes 247.3 =~ 247.8
Limestone, medium gray mottled with dark gray,
finely crystalline; contains brachiopods,
crinoids, and glauconite@....ceceeccccccesesecs 247.8 =~ 250.6
Little Pawnee Member:
Shale, dark gray interbedded with black in
Middle.eeeececeaasscssanscaccssscssassssncsseas 250.6 =~ 252.3
Shoemaker Member:
Limestone, medium to dark gray, finely
CryStalline.ecceceeescecsesscssccsccsnasacsecnses 252.3 =~ 253.4
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Test hole 39-79 continued

Depth, in feet
From To
Plattford Formation: __
Unnamed Member:
Shale, medium gray..ccceccececccscncssscssssssss 253.4 =~ 258.0
Shale, medium gray with olive tint......¢c..... 258.0 - 258.5
Shale, medium brown with red tint.....ccceveeee 258.5 - 264.5
Nehawka Member:
Limestone, light tan mottled with white, very
finely crystalline; contains brachiopods
and PYrit@..ceecececascsssscccccaccsscccccess 264.5 =~ 270.6
Unnamed Member:
Shale, mediuMm gray.ceececseccccsscscsccssscscceces 270.6 =~ 272.3
Missouri Series - Lansing Group:
Stanton Formation:
South Bend Member:
Limestone, light gray with tannish tint, very
finely crystalline; contains fusulinids and
O0SAGg1iAceceesaccccocscsssscosssssssncsscnsancces 272.8 = 273.9
Rock Lake Member:
Shale, light to medium gray, limy..ccececeeeesss 273.9 =~ 277.6
Shale, reddish gray with green tint, limy...... 277.6 - 277.9
Shale, light to medium greenish gray...ceceeeee. 277.9 = 282.0
Stoner Member:
Limestone, light gray, finely crystalline;
contains PYrite..cecececssccecssccsssccssncsas 282.0 -~ 282.8
Limestone, very light tan, very finely to
finely crystalline; contains fusulinids...... 282.8 - 285.6
Limestone, very light tan to white, very
finely crystallin@...ceeceecccccccascocssssasss 285.6 - 290.0
Limestone, light greenish gray, very finely to
finely crystalline....ceeeeeeecensssnsoaacesss 290.0 - 301.6
Limestone, light greenish gray, very finely
crystalline; interbedded with shale, light
tO MEediUM gXaAY.ecceeeccesccacasssossnseassoasseas 301.6 - 303.0
Limestone, medium greenish gray, very finely to
finely crystalline; contains fusulinids;
interbedded with shale, light to medium
LAY eeeecsosscscevesossssonsasssassscssssssass 303.0 - 303,7
Limestone, medium gray, very finely to finely
Crystalline...ceceecececsasssccccscansanessesansaes 303.7 - 305.0
Eudora Member:
Shale, mediuM gray..cccescsccccccosssssncsancsass 305.0 - 306.0
Shale, blacCKke..cceesesnessesceccssscsssseascnsss 306.0 =~ 306.8
Captain Creek Member:
Limestone, medium gray with tan tint, finely
crystalline; contains ostracods......cecee... 306.8 - 307.2
Vilas Formation: .
Shale, dark gray to black......occceeeeocesasces 307.2 - 308.0
Limestone, medium gray, very finely to finely
crystalline, imMpuUre.....ccceeeceescecocsessess 308.0 =~ 303.6
Shale, dark gray..ceececececececccccacessansseaass 308.6 - 310.3
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Test hole 39-79 continued

Depth, in feet
From To
Limestone, medium to dark gray, very finely to _"
finely crystalline; contains brachiopods..... 310.3 - 310.8
Shale, light to medium greenish gray........... 310.8 - 313.5
Flattsburg Formation:
Limestone, medium tan, finely crystalline;
contains abundant algal material............. 313.5 - 314.7
Limestone, light greenish gray, finely
crystalline; contains ostracods and
abundant algal material; interbedded with
shale, light greenish gray.....cceeeeeeessees 314.7 - 315.0
Limestone, light gray, very finely crystal-
line; contains chert, fusulinids, crinoids,
ostracods, and abundant algal material....... 315.0 - 318.0
Limestone, medium tannish gray, very finely
to finely crystalline, shaley......cccc000e.. 318.0 - 318.6
Limestone, light tan, very finely to finely
crystalline; contains chert and pyrite....... 318.6 - 321.0
Limestone, light gray, very finely to finely
crystalline; contains chert and brachiopods.. 321.0 - 323.2
Limestone, dark gray, very finely crystalline;
shaley; contains crinoids....ccceeeeoessaescs 323.2 = 325.4
Limestone, dark greenish gray, very finely
crystalline; contains brachiopods............ 325.4 - 327.1
Kansas City Group:
Bonner Springs Formation:
Shale, medium to dark gray....cvceeeessssesssees 327.1 - 330.0
Shale, medium greenish gray....ceeceeeeceacesees 330.0 - 332.3
Wyandotte Formation:
Farley Member:
Limestone, light tan, finely crystalline;
contains pPyrite€...c.ceecesccceccscsacssacencns . 332.3 - 334.0
Limestone, light tan, finely cyrstalline;
contains chert, light blue to light tan...... 334.0 - 337.0
Limestone, light gray, very finely to finely
crystalline.....ccivieceecceccecscanccnannncs .o 337.0 =~ 340.2
Island Creek Member:
Shale, light to medium gray, limMy.....c.ccc0s0.. 340.2 =~ 341.1
Argentine Member:
Limestone, very light tan, very finely
crystalline; contains fusulinids............. 341,1 = 345.0
Limestone, very light tan, very finely
crystalline; contains brachiopods...... eeese.. 345.0 - 355.4
Limestone, light tan, very finely crystalline;
contains brachiopods, crinoids, and
fusulinids....cieevereeececacccsannsaceassasas 355.4 = 356.0
Limestone, light gray, very finely crystal-
line; contains crinoids and brachiopods...... 356.0 - 357.0
Limestone, light gray, very finely crystal-
line; contains brachiopods....cieieeeecnccans 357.0 - 361.9
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Test hole 39-79 continued
Depth,

in

feet

From

Shale, medium gray; interbedded with limestone,
light gray, very finely crystalline.......... 361.9
Quindaro Member:
Shale, medium gray..cccscececccccescssacesansasse 369.3
Shale, blaCKk.ieiceeeesasesenesssscscsscssecsasss 370.0
Frisbie Member:
Limestone, medium gray, very finely crystal-
line; contains fusulinids and abundant
brachiopodS...cceeseecescscosscocsassocsnscssceas 370.8
Lane Formation:
Shale, light to medium gray..cccececececacscasse 371.3
Limestone, medium gray, very finely crystal-
line; contains brachiopods, pelecypods, and
23 o S o = P I X I |
Shale, MeAium gray.eseseccesccssscssssccsosccncses 375.2
Iola Formation:
Limestone, light to medium greenish gray, very
finely crystallin€...ccececvrecacccssaccaaasas 385.4
Limestone, light tan, very finely
Crystallin€.ceeeeseececescecnassscsscncccsnssass 387.0
Limestone, light to medium greenish gray, very
finely crystalline; contains crinoids;
interbedded with shale, medium gray...ccee... 391.3
Limestone, light tan, very finely to finely
crystalline; contains glauconite and
abundant algal material.....cccescecccccccsss 392.5
Chanute Formation:
Shale, MediUM graY.cceceeccccccssscsscanssasecsees 323.5
Shale, blacK..cecceeeeeseoeseeosscccocscnnsnaaeasss 3951
Shale, MmediUM gra@Y..ceeccsccsscscssscscessccccce 396.0
Drum Formation:
Limestone, light to medium gray with tannish
tint, very finely crystalline; contains
Osagia; interbedded with shale lower 0.5..... 399.4
Limestone, light to medium tannish gray, very
finely to finely crystalline; contains
fusulinids, ostracods, and brachiopods....... 401.5
Limestone, medium gray, very finely to finely
crystalline, shaley; contains crinoids, and
abundant fusulinidsS.....ecccceocecsacccccccses 404.5
Limestone, light to medium tan, very finely
to finely crystalline; contains brachiopods
and fusulinidS...cceceecrcescccscvsccsscsecesss 404.9
Limestone, medium gray, very finely crystal-
line; contains brachiopods and abundant
fusulinids; interbedded with shale, gray..... 408.3
Limestone, medium tannish gray, very finely
to finely crystalline; contains pelecypods
and abundant fusulinidS....cecececoccccsocces 410.4
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Test hole 39-79 continued

Depth, in feet
From To
Shale, dark greenish gray, limy.....ccceeeeee.. 414,0 - 415.3
Limestone, dark gray, very finely crystalline;
contains "black inclusions".....c.cc00c000... 415.3 - 416.1
Quivira Formation:
Shale, medium greenish gray...ceceeeecececeess. 416.1 - 418.3
Sarpy Formation:
Westerville Member:
Limestone, very light to light greenish gray,
very finely crystalline, shaley.....c.cev.... 418.3 - 419.6
Limestone, light gray, finely crystalline;
contains fusulinidS...eceeeeceecececacnnanees 419.6 - 427.4
Limestone, light gray, finelv crystalline;
contains abundant fusulinids; contains
shaley partings....c.cceeeeececccecennenaesees 427.4 - 429.5
Wea Member:
Shale, black, hard....ceceeeeeessccccecsceneass 429.5 = 432.1
Fontana Formation:
Shale, medium greenish gray.....eeeceeeeeesaase. 432,1 - 436.0
Dennis Formation:
Winterset Member:
Limestone, light gray, very finely to finely
crystalline; contains pseudo-oolites......... 436.0 - 442.0
Limestone, light gray, very finely
Crystalline..ceceeeesceseccoecasacasoncnneasonse 442,0 - 448.1
Shale, medium gray...ccccecececcscccescceeaaneenass 448.1 - 450.0
Limestone, light to medium tannish gray, very
finely crystalline; contains fusulinids...... 450.0 - 454.6
Limestone, light to medium tannish gray, very
finely crystaliine, shaley; contains pyrite.. 454.6 - 456.5
Limestone, light to medium tannish gray, very
finely crystalline; contains brachiopods..... 456.5 - 458.1
Limestone, medium tannish gray, very finely
crystalline; contains crinoids and
brachiopods; contains shaley partings........ 458.1 - 460.0
Stark Member:
Shale, medium gray, limMy..cececeeeeeencecoceses 460.0 - 460.8
Shale, black, hard......cceeeeeccecececcncaeaos 460.8 - 463.4
Canville Member:
Limestone, dark tannish gray, very finely to
irreqularly crystalline; contains
brachiopods, crinoids, Osagia, pseudo-
oolites, and abundant algal material......... 463.4 - 464.1
Galesburg Formation:
Shale, greenish gray...c.cceeevececececeeaceass 464.1 - 466.3
Siltstone, light greenish gray.......eeeeeece.. 466.3 - 471.8
Swope Formation:
Bethany Falls Member:
Limestone, light tan, very finely crystalline;
contains pseudo-oolites and abundant algal
material.e.ceeeeeeeereeieeeeoeecnssanccannaneans 471.8 - 474.0
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Test hole 39-79 continued
Depth, in feet

"From To

Shale, very light greenish gray; contains hard

limy 20NneS...ccceecececenccccncnccsanncannees 474,.0 - 474.8
Limestone, light tan, very finely to finely

crystalline; contains chert, light bluish

GrAYeseseesesssecsscssccsascscssesscccncossassns 474.8 =~ 477,2
Shale, light gray..ecececceccccccecccccccesceeass 477.2 = 478.0
Limestone, light tan, very finely to finely

crystalline; contains crinoids....ceceeceeee. 478.0 =~ 481.3
Limestone, gray, irregularly crystalline,

shaley; contains brachiopods, crinoids, algal

material, and glauconite....cccecececacceccesas 481.3 - 481.7
Hushpuckney Member:
Shale, dark gGrayeeececcececcessonscscssssnesecasss 481.7 =~ 482.3

Ladore Formation: '
Shale, Medium gray..ccceceseccesescscsnsesaeccas 482.3 =~ 486.3
Hertha Formation: '

Limestone, light to medium gray, finely to

irregularly crystalline, pseudo-oolitic;

contains brachiopods, bryozoans, and

abundant algal material.....cccceecevececcos. 486.3 =~ 488.9
Shale, light to medium gray...cceceeceseceacsess 488.9 =~ 491.0
Shale, pale reddish brown....c.cceeeeecnccasees. 491.0 =~ 491.8
Shale, dark gray tO blacKk...c.ceeeeeececncaeeseas 491.8 =~ 492.9
Shale, reddisSh brOWN.....cceeeececccscccccsecses 492.9 =~ 493,7
Shale, greenish gray, limy..cccceeveeccesecesse 493.7 -~ 498.0
Limestone, light to medium tannish gray, very

finely to irregqularly crystalline; contains

brachiopods, algal material, pseudo-oolites,

and foraminifera......eeeeeeeeececcccnanensss 498.0 - 498.5

DesMoines Series - Marmaton Group:
Shale' reddish brown......'Q'..........‘0.’...0 498.5 -503.0
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Test Hole 40-78

Location: Richardson County, NE NW sec. 34, T. 3 N., R. 14 E.

approximately 19 feet south of north section line
and 195 feet west of half section line.

Ground-level elevation: 1,051.0 feet above mean sea level.
Started: July 19, 1979. Completed: July 27, 1979.

Total depth: 503.0 feet.

’

Description Depth, in feet
From To
Quaternary System:
Silt, dark gray............. Ch bt e e et ettt o - 2.0
Silt, medium brown, clayey...... et et e 2.0 - 8.0
Silt, light to medium tan with iron
staining, clayey........... Ch e it ece s 8.0 - 12.0
Silt, mediumr reddish brown, clayey;
contains traces of sand.......vievieeeriananns 12.0 - 17.0
Silt, medium reddish brown, sandy..... Gt e 17.0 - 19.5
Silt, medium reddish brown; contains
sand, very fine to coarse, and gravel, fine... 19.5 - 28.5
Silt, medium tannish gray, clayey.......... e 28.5 - 32.0
Silt, medium reddish brown, clayey.............. 32.0 - 36.0
Silt, light to medium tan, clayey........c.c.... 36.0 - 3%8.0
Permian System - Big Elue Series - Council Grove Group:
Grenola Formation:
Neva Member:
Limestone, light to medium yellowish brown,
finely crystalline, weathered; contains
abundant algal material........civeeeev.... . 39.0 - 41.0
Salem Point - Sallyards Members:
Shale (no sample - circulation loss)........... 41.0 - 43.0
No sample taken (circulation loss)............. 43.0 - b57.0
Roca Formation:
No samples taken (circulation loss)............ 57.0 -~ 60.0
Shale, reddish brown.............. et tee e 60.0 - 61.0
Shale, medium gray.......ccceecieeenes e e 61.0 - 66.0
Shale, light gray; interbedded with thin
limestone, light gray, finely crystalline.... 66.0 - 67.5
Shale, light gray..... Ceeseeteenns cee s . 67.5 - 70.4
Shale, light yellowish tan...... Cie e e e . 70.4 - 171.5
Limestone, light to medium olive gray,
very finely crystalline; interbedded with :
shale, light tan..................... Cetenann 71.5 - 72.5
Shale, light to medium tan................... . 72.5 - 173.5
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Test hole 40-79 continued
Depth, in feet

From To
Shale, Olive......iiiieieenenannannn ceeeesoen ce 73.5 - 77.0
Shale, light olive tan......ccocieiieeciannnns 77.0 - 84.0
Red Eagle Formation:
Howe Member:
Shale, light to medium olive..........c.ocveennn 84.0 - 85.0
Bennett Member:
Shale, dark gray, hard.............. Cecs e 85.0 - 88.2
Shale, medium to dark gray..... ceecaanenssseesece 88.2 - 90.0
Shale, black; contains carbonaceous material.... 90.0 - 94.8
Glenrock Member:
Limestone, medium to dark gray, finely
crystalline...... e esecettascsaacer e 94.8 - 95.6
Johnson Formation:
Shale, medium gray......ccceeeeeeveccnes Creie e 95.6 - 107.0
Shale, medium to dark gray........coceceieevoncns 107.0 - 113.7
Foraker Formation:
Long Creek Member:
Shale, medium gray with olive tint;
interbedded with siltstone, medlum gray....... - 113.7 - 115.3
Shale, light to medium gray.........ccooceveenen 115.3 - 116.3
Shale, olive; interbedded with limestone,
medium gray, finely crystalline; contains
brachiopodsS......cccveeeeietcsosecsostssanaccens 116.3 - 117.3
Shale, light to medium gray with olive tint..... 117.3 - 119.0
Shale, medium gray; interbedded with
limestone, medium gray, finely crystalline;
contains crinoids and sponge spicules......... 119.0 - 121.0
Hughes Creek Member: '
Shale, medium to dark gray....... s et s ecsas e 121.0 - 122.0
Shale, medium gray; contains traces of
gypsum at 124.0-127.0....... ceeerssrsasaeseencs 122.0 - 127.0
Shale, dark gray; contains traces of gypsum..... 127.0 - 129.6
Shale, medium gray to olive; contains traces
of gypsum upper 2.0..... ... ittt 129.6 - 133.5
Shale, black; contains carbonaceous material.... 133.5 - 136.5
Limestone, medlum gray, finely crystalline,
shaley; contains abundant fusulinids and
brachiopodS.....c.oeitieeeerietsnecsesocesnnsas © 136.5 - 137.0
Skale, medium to dark gray, limy at 142.4....... 137.0 - 143.6
Shale, medium to dark gray, limy at 145.0....... 143.6 - 145.3
Shale, medium to dark olive gray..... ceeesessse. 145.,3 - 148.3
Limestone, dark gray, finely crystalline; ‘
contains crinoids, brachiopods, and pyrite ... 148.3 - 148.9
Shale, dark gray.....ececeeeeccsccessssans vees.. 148.9 - 152.5
Limestone, dark gray, finely crystalllne
impure; contains brachiopods, ostracods, and
crinoids; interbedded with shale, dark gray... 1352.5 - 154.0
Shale, medium to dark gray........ teereesecsaes. 154.0 - 161.5
Shale, medium olive gray.......... Ces e 161.5 - 161.8
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Test hole 40-79 continued

Shale, medium gray, limy...... Ce s e ettt
Americus Member:

Limestone, medium to dark gray, finely
crystalline; contains crinoids, brachiopods,
bryozoans, and pyrite............. ch et e e

Shale, black.......... c e sttt e s asres e essanns

Limestone, medium gray, finely crystalllne
contains brachiopods, pyrite, and
foraminifera.............. Ches it eecees e

Admire Group:
Hamlin Formation:
Oaks Member:

Shale, dark gray.......c.cctiieeeenenns et

Shale, light gray, Iimy......cccieieeetnenrsons

Shale, light to medium gray with b1u1sh tint.

Shale, medium gray...........c..... c et et e

Shale, light greenish gray.......c.ccce0eee.. ceean

Houchens Creek Member:

Limestone, light tan, finely crystalline.......

Shale, light greenish gray......c.eeetiveeeeanss

Limestone, light tan, finely crystalline.......

Stine Member:

Shale, light olive gray; interbedded with
limestone, medium brown, finely crystalline..

Shale, llght = o et

Shale, medium to dark ollve =9 of: 1N

Limestone, medium gray, finely crystalline;
contains foraminifera and quartz filled vugs.

Shale, medium gray........ccooiiiiiineenrnanens

Limestone, medium gray, very finely
crystalline; contains pyrite...... et e

Shale, dark gray.......ooeeeeerieecennnassncens

Shale, light greenish gray; interbedded
with limestone, light greenish gray,
very finely crystalline, impure; contains
foraminifera and quartz filled vugs..........

Shale, light to medium olive.............c.c.u.
Shale, 0live. ...ttt oveonoseeaoannenenns
Shale, dark gray.............. Ch et

Five Point Formation:
Limestone, light to medium gray with
tannish tint, very finely crystalline;
contains foraminifera and abundant
brachiopods............ cher e et e
West Branch Formation:
Shale, medium gray......c.cecevenctscrsrssncecees
Shale, medium to dark gray.......coc0evu.n e
Skale, medium bluish gray, limy.......c0oviunn.
Limestone, light gray, very finely
crystalline, shaley.......ccoei ittt ennrnnnnn

Depth, in feet
From To
161.8 - 164.6
164.6 - 165.0
165.0 - 166.0
166.0 - 166.5
166.5 - 168.4
168.4 - 170.0
170.0 - 175.0
175.0 - 178.1
178.1 - 180.5
180.5 - 181.0
181.0 - 181.5
181.5 - 182.2
182.2 - 183.2
183.2 -~ 184.0
184.0 - 194.0
194.0 ~ 196.0
196.0 - 198.0
198.0 -~ 199.3
199.3 -~ 201.8
201.8 - 202.8
202.8 -~ 205.0
205.0 -~ 209.0
209.0 ~ 210.6
210.6 - 211.3
211.3 - 212.0
212.0 - 218.0
218.0 -~ 220.0
220.0 - 223.3



Test hole 40-79 continued

Depth, in feet
From To
Limestone, light gray, very finely
crystalline; contains quartz filled
vugs; interbedded with shale, light
bluish gray........cce.v Chees e sann cee.. 223.3 - 225.0
Shale, dark gray.....ceeceeeveceess ceeeessaass. 225.0 - 226.0
Limestone, medium gray, very finely
crystalline, shaley.......cvivuuevennn ceee.. 226,0 - 227.0
Shale, dark gray.....ceceeeeeeecece ce s e esseean 227.0 - 233.0
Falls City Formation:
Lebmer Member:
Limestone, medium to dark gray, finely
crystalllne impure; contains gastropods,
pyrite and abundant very small shell
fragments (immature brachiopods or
OStYacCOdS) e e veeeeeeesoesossssnsansnsoasacssss 233.0 - 234.1
Limestone, medium gray, finely crystalllne
impure; contains pyrite; interbedded with
shale, medium gray....oceceeesveseseccacccns 234.1 - 236.0
Reserve Member:
Shale, medium gray.......ceeveeeeeecssscsseses 236.0 - 239.4
Shale, dark gray.....ccoeeeeceesceccccccn ciee. 239.4 - 243.0
Miles Member:
Limestone, medium gray, finely crystalline;
contains foraminifera and dark grey
"pelletoid" inclusions...........eccceeveve.. 243.0 - 243.6
Onaga Formation:
Hawxby - Towle Members:
Shale, light to medium bluish gray ............ 243.6 - 247.5
Shale, light to medium gray. cr e e 247.5 - 254.4
Shale, light gray with greenlsh tlnt ......... 254.4 - 255.0
Shale, light bluish gray.........cc0veeeevenn. 255.0 - 256.5
Shale, medium reddish brown; 1nterbedded
with siltstone, medium greenish gray........ 2566.5 - 260.0
Shale, medium reddish brown............c..0..n 260.0 - 265.0
Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding Formation:
Brownville-Plumb Members:
Shale, medium gray with olive tint;
interbedded with sandstone, medium gray to
tan, very fined grained................0000. 265.0 - 271.0
Shale, medium gray......cceeeeeeeeeecccscssess 271.0 - 289.5
Nebraska City Member:
Shale, light to medium gray; interbedded
with limestone, medium tan, very finely
crystalline; contains brachiopods, pyrite,
and bDryoOZOoanS......coeeeesasscosocccnnsoses 289.5 - 290.7
Root Formation:
French Creek Member:
Shale, medium gray........cceeececoeacans ceeees 290.7 - 291.7
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Test hole 40-79 continued

Coal, black.......... ceeenas Gt et ettt
Shale, medium gray...... Cheeseececnan st enenn
Coal, black......ccvuvse creesrecas s s e nae s en s
Shale, medium gray...... ceeeeactasacsesnaaes e
Shale, light to medium greenish gray..........
Shale, light gray with olive tint.............
Shale, light gray....... ch e s s et ess e n s o aes s
Shale, medium to dark gray.....ceeeeeee.. ceeeen
Jim Creek M€mber:
Shale, medium gray, limy.......... st esettaas
Friedrich Member:
Shale, medium olive gray...... e e .
Shale, medium gray.....ccccceeeeencccossanscesss
Shale, light gray.....ccccveeeee. ceeseen et

Stotler Formation:
Grandhaven Member:

Shale, light gray with reddish tint...........
Dry Member:

Shale, light to medium gray.............. oo
Shale, light gray..... cr e et eceseeaenanae .
Shale, light olive gray....cceeeieeccnnneresss
Shale, olive gray........ e sseeesss st eneanns
Shale, reddish brown, limy................ cee

Shale, reddish brown; interbedded with
limestone, light to medium cream, very
finely crystalline....cieieeecetenceeesancan

Shale, reddish brown.......cceeeeeeeeeeecennn

Shale, medium gray with reddish tint..........

Shale, medium gray....ccceeeeeocccscssansacnns

Shale, medium gray with reddish tint..........

Shale, medium gray..... teetesseneecss e .

Dover Member:

Shale, medium gray, limy......cceceviniecnnnns
Pillsbury Formation:

Shale, medium reddish olive..........ccieeues

Shale, medium gray..... seeceseasanssanan ceetae
Zeandale Formation:

Maple Hill Member:

Shale, medium gray...... it stecr et .
Wamego Member:

Shale, dark gray to black..... et eesssesansses .

Shale, medium gray..... Gt s e e eseses et eenasns

Shale, olive............ .

Shale, reddish olive........ccocieevecnenn “en

Shale, light greenish gray...... et eessanne NN

Tarkio Member:
Limestone, light cream to gray, finely
crystalline, impure; contains
fusulinids, algal material, and pyrite;
interbedded with shale, medium olive gray...
Limestone, light gray to white, very finely
to finely crystalline; contains
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Depth, in feet
From To
291.7 - 292.2
292.2 - 295.8
295.8 - 296.3
296.3 - 297.8
297.8 - 299.1
299.1 - 302.0
302.0 - 305.2
305.2 -~ 309.0
309.0 - 310.0
310.0 - 313.5
313.5 - 320.5
320.5 - 321.5
321.5 - 323.0
323.0 - 326.3
326.3 - 329.0
329.0 - 334.0
334,.0 - 334.5
334.5 - 336.5
336.5 - 337.3
337.3 - 341.0
341.0 - 343.0
343.0 - 357.0
357.0 - 362.0
362.0 - 370.0
370.0 - 372.0
372.0 - 377.0
377.0 - 389.0
389.0 - 391.0
391.0 - 392.0
392.0 - 397.0
397.0 - 398.5
398.5 - 402.0
402.0 - 404.0
404.0 - 407.0



Test hole 40-79 continued

Depth, in feet
From To
brachiopods, algal material, crinoids,
and fusulinids. ... ..ttt ittt 407.0 - 409.5
Willard Formation:
Shale, light olive tan.......iceivieeaiaa. 409.5 - 410.7
Shale, dark gray with reddish brown.......... 410.7 - 413.5
Shale, light to medium gray; interbedded
with limestone, light gray to white,
finely crystalline; contains fusulinids,
pelecypods, and pyrite....... i 413.5 - 416.3
Shale, light to medium greenish gray......... 416.3 - 417.8
Shale, medium greenish gray.......... ces e 417.8 - 418.1
Shale, medium to dark gray........cccoieeeeenns 418.1 - 437.0
No sample (probable shale).......... Ceee e 437.0 - 441.0
Emporia Formation:
Elmont - Reading Members: ,
No sample (probable limestone)............... 441 .0 - 444.0
Shale, medium gray......eeveeeeeennnonacnanns 444.0 - 447.2
Limestone, medium gray with brownish
tint, finely crystalline; contains
brachiopods, crinoids, pyrite, and chert,;
interbedded with shale, mediur gray........ 447 .2 - 448.0
Shale, medium to dark gray, limy............. . 448.0 - 449.0
Limestone, light gray to cream, very
finely crystalline; contains brachiopods;
interbedded with shale, very light to
light gray............ Cteisseissrsasssenes. 449,0 - 450.3
Shale, medium gray....... cherees e L eeeosanens 450.3 - 451.0
Shale, medium to dark gray....... Cet e 451.0 - 452.0
Shale, medium gray, limy.........ccc0en cee.. 452.0 - 456.0
Limestone, light gray mottled w1th dark
gray and light tan, finely crystalline,
shaley; contains crinoids and pyrite....... 456.0 -~ 458.2
Shale, medium gray...coceeeeeeotecsocaccensnos 458.2 - 458.5
Limestone, light tan to light gray, finely
crystalline...... ..t ch e s e 458.5 - 459.0
Auburn Formation:
Shale, medium gray........ . Cerh e e e 459.0 - 460.0
Shale, light to medium greenlsh Eray.eoeeseas 460.0 - 460.5
Shale, reddish brown...... ceeet e ceee e 460.5 - 470.0
Shale, light greenish gray........ et teener e 470.0 - 477.0
Shale, medium gray, liny........... et 477.0 - 493.0
Wakarusa Formation:
Limestone (poor sample), shaley.............. 493.0 - 497.0
Soldier Creek Formation:
Shale, medium olive gray.......ceeeveeeeeene. 497,0 - 503.0
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Test Hole 41-79

Location: Pawnee County, SW SW sec. 31, T. 1 N., R. 9 E.,
approximately 114 feet north of south section line
and 14 feet east of west section line.

Ground-level elevation: 1,307.5 feet above mean sea level.

Started: July 23, 1979. Completed: July 24, 1979.

Total depth: 503.0 feet.

Description Depth, in feet
From To
Quaternary System:
S011, blaCK...iveeiieiesesnesesesenonoonnanneas o - 5.0
Silt, medium brownish gray......covieveeeens . 5.0 - 13.0
Silt, medium tannish gray; interbedded
with gravel, very fine to medium......... .« 13.0 - 15.5

Permian System - Big Blue Series - Chase Group:
Blue Springs Formation:

Shale, reddish brown.......... Ceices e . 15.5 - 16.5
Shale, light greenish gray mottled with red... 16.5 - 17.0
Shale, reddish brown mottled with green....... 17.0 - 18.0
Limestone, light greenish gray, finely

crystalllne ............................... 18.0 - 18.6

Shale, reddish brown 1nterbedded with
greenlsh gray at 21.0 ~ 21.7 and 24.0 -

24 .5, ittt e ittt e Cas et 18.6 - 26.0
Shale, greenish gray............. et 26.0 - 29.0
Shale, reddish brown.........viiiieevennn. e 29.0 - 32.0
Limestone, light tan, finely crystalline...... 32.0 - 33.0
Shale, dark gray....c.coceesucasneos Ceeces e 33.0 - 33.2
Shale, light greenish gray..... Gt e et 33.3 - 37.0
Shale, dark gray; contains gypsum at 37.6..... 37.0 - 41.0

Kinney Formation:
Shale, medium to dark gray, hard ang

limy .................................... o 41.0 - 47.0
Shale, medium to dark gray, 11my,

contains crinoids......... C ettt et e it 47.0 - 48.0
Shale, light gray....... ettt e teec ettt 48.0 - 48.9

Wymore Formation:
Shale, medium gray; interbedded with

gypsum at 50.0 - 51.0.......... ceceecnonanns 48.9 - 51.0
Shale, light greenish gray...........iveveve.. 51.0 - 54.0
Shale, reddish brown.......o ittt vtonneenns 54,0 - 55.0
Shale, reddish brown interbedded with

greenish gray......ooiiiieeititreneeronnsenen 55.0 - 58.0
Shale, reddish brown; 1nterbedded with

gypsum at 58.0 -~ 59.56. ... ... . i i i, 58.0 - 61.0



Test hole 41-79 continued
Depth, in feet

From 22

Shale, medium greenish gray......ccvevvinnneennns 61.0 - 62.0
Shale, medium reddish brown........cvovvvveeeenn. 62.0 - 63.5
Shale, medium greenish gray; interbedded with

limestone, light greenish gray to

white, finely crystalline......cccveveneeevenns 63.5 - 63.8
Shale, medium greenish gray.....ccciieeeevecennss 63.8 - 66.4
Shale, light greenish gray; contains gypsum,

o 0 66.4 - 67.2

Shale, light to medium greenish gray............. 67.2 - 69.2
Shale, dark gray......ccceeeeeiesinsnssssnannas - 69.2 - 69.3
Shale, light greenish gray; contains gypsum,

pink....... .. .0t e sessssissesees et anenn 69.3 - 71.5
Shale, light to medium greenish gray.......... .o 71.5 - 71.7
Shale, dark gray...........c.. terennnss ceeaen ceeen 71.7 - 173.6

Wreford Formation:
Schroyer Member:
Limestone, dark gray, finely crystalline;
contains brachiopods and pelecypods........ e 73.6 - 74.3
Limestone, medium gray, finely crystalline;
interbedded with shale, medium gray with
reddish tint...... .. ittt iieiicnneeneannsas 74.3 - 76.8
Chert, dark bluish gray; contains abundant

Microfossils... ittt ennennnnaans Cese et 76.8 - 78.1
Shale, medium gray, limy..... Chee st sets e e as 78.1 - 80.0
Limestone, light tan, finely crystalline,

= 1 7~ . 80.0 - 83.5

Havensville Member:
Shale, medium gray; contains thin limy zones at

86.5 and 89.0..... Cesesasesesesssencestcnnnn o 83.5 - 90.0
Limestone, medium gray, finely crystalline;

contains brachiopods... ..ottt ennnnnns 90.0 - 91.5
Limestone, medium gray, finely crystalllne

contalns shaley partings lower 1.0....... chesan 91.5 - 94.3
Shale, dark greenish gray.....ccovieiecedonencnen 94.3 - 100.0

Three Mile Member:
Limestone, medium tannish gray, finely
crystalline; contains chert and pyrite;

shaley at 100.3 - 100.5.... ..t teevensnneensse. 100.0 - 103.5
Limestone, medium tannish gray, finely

crystalline, shaley.....cceceteeenvecenseeeains, 103.5 - 103.7
Shale, medium to dark greenish gray, limy..... ve. 103.7 - 104.0
Limestone, medium gray, finely crystalline,

cherty; contains bryozoans, foraminifera,

and brachiopods.....civiveieveeens veree e e . 104.0 - 105.0
Shale, medium gray, limy......... ceesesssnasssas 105.0 - 105.3
Chert, dark bluish gray, m1crofoss1liferous.;.... 105.3 - 105.7

Limestone light to medium gray, finely
crystalline, impure; contains diatoms,
brachiopods and chert...... et raser e 105.7 - 106.2
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Test hole 41-79 continued

Council Grove Group:
Speiser Formation:
Shale, medium gray....ccoieeteieentcensnanns N
Shale, medium gray; interbedded with limestone,
light tan, finely crystalline.................
Shale, light to medium greenish gray............
Shale, light greenish gray........cccceeeieeeaen
Shale, medium greenish gray with reddish tint.
Shale, light reddish gray........cc0eeeuenn Ceeen
Shale, light gray with reddish tint.............
Shale, light greenish gray, limy................
Shale, reddish brown........ccceeeen. e e
Shale, medium greenish gray........ Cesereseenans
Shale, medium brown.......ccieeeeetceeccccsecense
Shale, medium greenish gray........ccccceeeeeen .
Funston Formation:
Limestone, light tan, very finely crystalline;
contains ostracods.......c.itteiiiniennns Ceeee
Shale, medium greenish gray................. e
Limestone, light tan to medium gray, very
finely crystalline; contains gastropods
and ostracods...... e e ieeetcrnsssess s e ceeen
Shale, medium gray.......occeveeieetscorocnsnana
Limestone, medium tan, very finely to finely
crystalline; contains brachiopods,

gastropods, and chert.......ccciteeicieieennns
Limestone, medium tannish gray, very finely to
finely crystalline, shaley........... cebeeaaes

Blue Rapids Formation:
Shale, dark gray; contains gypsum.......... e
Shale, very dark gray...... ceesssene Ceeane ce e
Shale, medium gray....ceceeeceeecennscssncsocecns
Limestone, light gray with tannish tint,
very finely to finely crystalline, impure,
shaley; contains ostracods........ ....... ceeen
Shale, light greenish gray........ccccc00eeeen o
Shale, medium reddish gray......cccvveevevennens
Shale, medium greenish gray..... c et e eer e
Crouse Formation:
Limestone, light tan, very finely to finely
crystalline......... C et ecseetes et s aer e s e e ana
Limestone, medium tannish gray, finely
crystalline; interbedded with shale, medium
gray; contains gypsum.......cciiiiiiiiiiieann
Shale, medium gray.....cceeeeeeececseasocscssens
Limestone, light gray, finely crystalline,
silty, shaley; contains ostracods.............
Easily Creek Formation:
Shale, light greenish gray...... et e e
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Depth, in feet
From To
106 .2 - 109.,2
109.2 - 110.3
110.3 - 112.0
112.0 - 114.0
114.0 - 117.0
117.0 - 118.3
118.3 - 119.1
119.1 - 120.0
120.0 - 121.0
121.0 - 122.3
122.3 - 123.0
123.0 - 123.5
123.5 - 124.7
124.7 - 126.5
126.5 - 127.2
127.2 - 128.0
128.0 - 129.1
129.1 - 131.3
131.3 - 135.6
135.6 - 138.5
138.5 - 139.5
139.5 - 140.6
140.6 - 147.0
147.0 - 148.0
148.0 - 151.3
151.3 - 152.5
152.5 - 156.7
156.7 - 162.0
162.0 - 163.8
163.8 - 165.0



Test hole 41-79 continued

Depth, in feet
From To
Shale, light to medium reddish gray with
greenish tint, limy at 165.4 - 167.0..,....... 165.0 - 167.0
Shale, light greenish gray with reddish tint.... 167.0 - 168.0
Shale, reddish brown; contains traces of
gypsum, light p1nk ..... C et et et ettt e 168.0 - 169.0
Shale, light to medium greenlsh gray,
contalns gypsum, very light pink to white..... 169.0 - 169.7
Shale, light to medium reddish brown with
greenish gray interbedded............. ... .. 169.7 - 176.7
Gypsum, light tan to white............... ... ..., 176.7 - 179.2
Bauder Formation:
Middleburg Member:
Limestone, light tan, finely crystalline,
pseudo-oolitic; contains abundant algal
material, Osagia, and foraminifera............ 179.3 - 180.0
Limestone, dark gray, finely crystalline;
contains ostracods and algal material......... .180.0 - 182.2
Limestone, dark gray, finely crystalline;
interbedded with shale, medium to dark gray... 182.2 - 184.3
Limestone, medium gray, finely crystalline;
contains gastropods, crinoids, and abundant
ostracods; interbedded with shale, medium
Bl Ay ottt s eeonsnsssenencsesonsesnsnsnssssssoansss 184.3 - 184.8
Hooser Member:
Shale, medium gray..... PN S e sttt et 184.8 - 185.3
Shale, light greenish gray....... et e 185.3 - 189.8
Shale, medium greenish gray.........ccciiiiinenns 189.8 - 191.3
Shale, reddish brown........it ettt eeereonenas 191.3 - 191.5
Shale, light greenish gray.........ceeiivieeena, 191.5 - 195.6
Eiss Member:
Limestone, light to medium tan, very finely
to finely crystalline; contains algal
material............ ettt i ce... 195.6 - 198.0
Limestone, medium 011ve gray, flnely
crystalline, 511ty, contains gypsum lower 0.1. 198.0 - 198.6
Shale, medium gray. e et e st e e 198.6 - 201.0
Shale, medium gray; contalns gypsum 11ght
pink to white.............. e eret ettt 201.0 - 201.2
Limestone, medium gray, finely crystalllne
contains microfossiliferous siliceous
inclusions...... N Gt 201.2 - 201.5
Limestone, medium tan flnely crystalllne
pseudo-oolitic......ci0v e c e e et st e .. 201.5 - 203.0
Stearns Formation: .
Shale, dark gray........ T, ... 203.0 - 205.0
Limestone, medium tan w1th gray tint, flnely
crystalllne silty, shaley. Chee et .. 205.0 - 205.5
Shale, medium greenish gray with bluish tint.... 205.5 - 206.5
Shale, light greenish gray. Ches e .... 206.5 - 207.0
Shale, medium greenish gray w1th reddlsh t1nt 207.0 - 212.0
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Shale, medium to dark greenish gray

Test hole 41-79 continued

Shale, light greenish tan.........
Beattie Formation:
Morrill Member:

Limestone, light tan,
crystalline;

Shale, black.....ovrviversnoncenas

Limestone, dark greenish gray,

crystalline,

silty, sh

Florena Member:
Shale, dark gray fissile..........
Cottonwood Member:

Shale, medium gray,
Shale, medium gray, hard at 224.3
Shale, medium gray, limy..
Limestone, medium tannish gray,

crystalline, impure; contains abundant

fusulinids...

Limestone, medium gray,
impure; contains pelecypods.....
Eskridge Formation:

Shale, medium gray, limy..
Shale, light greenish gray. .
Shale, varicolored, medium gray, greenish

gray, and reddish gray
Shale, medium olive gray
Shale, reddish brown....

Shale, reddish gray,;
gypsum.......

aley......

contains gypsum.

finely

very finely to finely

contains microfossiliferous
siliceous and pyrite inclusions...

Limestone, 1light tan,
crystalline;
contains gypsum

oooooooooooo

very finely to finely
contains shaley partings;

flnely

flnely crystalline,

........................

........................

contains traces of

Shale, reddish brown to gray ceeen
Shale, light gray to white with reddlsh tint.
Shale, medium reddish tan.........
Shale, light to medium gray with olive tint.....

Shale, medium reddish gray;

gypsum, light pink to white.....

Shale, medium to dark greenish gray

Shale, dull reddish brown.........
Shale, medium greenish gray with reddish tint;

contains abundant

contains traces of gypsum........ccvtveeevonn.
Shale, dull reddish brown.........
Shale, medium greenish gray..... .

Grenola Formation:

Neva Member:

Limestone, light to medium tannish gray,

crystalline
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Depth, in feet
From To
212.0 -~ 213.0
213.0 - 213.7
213.7 - 217.3
217.3 - 219.4
219.4 - 220.0
220.0 - 220.4
220.4 - 223.0
223.0 - 2238.3
223.3 - 227.0
227.0 - 228.0
228.0 - 231.2
231.2 - 234.8
234.8 - 236.2
236.2 - 243.0
243.0 - 244.0
244.0 - 245.0
245.0 - 246.5
246.5 - 247.8
247.8 -~ 251.0
251.0 -~ 251.8
251.8 - 253.9
253.9 - 254.1
254.1 -~ 256.0
256.0 - 259.0
259.0 - 264.0
264.0 - 265.0
265.0 - 267.0
267.0 - 270.7
270.7 - 272.0



Test hole 41-79 continued
Depth, in feet

From To

Limestone, medium tannish gray, finely

crystalline......ciiiiniternnnesososanonncnnens 272.0 - 272.7
Limestone, medium gray, finely crystalline,

impure; contains fusulinids and ostracods..... 272.7 - 278.4
Shale, medium gray to dark gray...... ..... cease. 278.4 - 279.0
Shale, light to medium tannish gray. ceeeases 279.0 - 280.0
°ha1e, black..... e cesecesesassassareerssssassss 280,0 - 280.8
Limestone, medium tannlsh gray, flnely

crystalllne shaley..... sisesseaananeas e . 280.8 - 281.3
Shale, black..... ce e ane Cetae s ettt e e e aaann 281.3 - 283.7
leestone, medium gray with tannlsh tint,

finely crystalline, shaley......cccivevevennn. 283.7 - 284.8
Salem Point Member:
Shale, medium greenish gray.......ccoeieeeeeeeeens 284 .8 -~ 287.0
Shale, light greenish gray........ccciiieveninens 287.0 - 291.0

Burr Menmber:
Shale, light greenish gray; contains abundant
gypsum, white.......... Cts et i ees et asaanann 291.0 - 292.0
Limestone, medium tannish gray, finely
crystalline, silty, impure; contains
BaStroOPOdS ..ttt tersrenssssscesscsncsnsensan 292.0 - 292.5
Limestone, medium gray, flnely crystalllne
impure; contains ostracods and abundant
algal material.......c.ooevevevesacnnsonnnconans 292.5 - 293.2
Limestone, light to medium tannish gray,
finely crystalline, impure; contains

brachiopods, crinoids, and Osagia........... .. 293.2 - 298.7
Legion Member:
Shale, medium gray........ O, 298.7 -~ 301.0
Sallyards Member:
Shale, medium gray; contains abundant
EypSum, White....veeeeventtonennnsnsanccsnnsnns 301.0 - 302.0
Gypsum, white; interbedded with shale,
medium gray.....ceeeeseensocsssasecrasseseaass. 302,0 - 302.7
Shale, medium to dark gray....cee.oe crseseaseas 302.7 - 303.6
Roca Formation:
Shale, medium gray with olive tint........... ... 303.6 - 306.0
Shale, light to medium greenish gray. ceseess 306.0 - 308.4
Shale, medium olive gray. ceeeseeerescesssesss 308,4 - 309.4
Shale, medium greenish gray w1th reddish tint 309.4 ~ 310.5
Shale, varicolred, greenish gray, reddish gray,
and medium gray......c.ovteeecensennascnssnsses 310.5 - 313.0
Shale, medium greenlsh gray with reddish tint 313.0 -~ 317.0
Shale, medium gray......oe00ev0 ceeereactesssesss 317.0 - 318.4
Shale, light to medium gray.........ccce0eeve... 318.4 -~ 320.4
Shale, medium gray........ Cetsasaeas Cee s eens .. 320.4 - 321.0
Shale, medium olive gray....veveeeveeeseececeess. 321.0 - 324.0
Shale, reddish brown........iiiitteiteenneeeeess. 324.0 - 325.0
Shale, light to medium greenish gray....... eeess 325.,0 - 326.0
Limestone, light to medium tan, very finely
crystalline; contains ostracods............... 326.0 ~ 327.8

154




Test hole 41-79 continued
Depth, in feet

From To

Shale, light to medium greenish gray........... 327.8 331.3
Red Eagle Formation:
Howe Member:
Limestone, medium tan, very finely to finely
crystalline, impure; contains pyrite......... 331.3 -~ 332.0
Limestone, medium tannish gray, finely

crystalline, shaley lower 1.0; contains

pyrite....ccveui... s e ens e cesesecsssess 332.0 - 335.2
Bennett Member:
Shale, black.......... c e s eseesenens Cecees e 335.2 - 340.0

Glen Rock Member:
Limestone, medium tannish gray, very finely
to finely crystalline, impure; contains
fusulinids and abundant algal material and
Osagia......... cesiseesssesssassssnsescasasss 340.0 - 341.3
Johnson Formation:
Shale, dark gray; interbedded with limestone,

nedium gray, finely crystalline......... eree. 341.3 - 342.0
Limestone, medium gray, finely

crystalline; contains fusulinids and pyrite.. 342.0 - 343.4
Shale, light to medium gray with olive tint. 343.4 -~ 343.8
Shale, medium gray with olive tint............. 343.8 - 345.0
Shale, light to medium gray with tannlsh tint. 345.0 - 347.0
Shale, medium greenish gray......cccveveveenn ... 347.0 - 352.0
Shale, medium o0live gray....c.cceeeeeceeeccenen . 352.0 - 357.8
Limestone, very light tan, very finely

crystalline.....veeestencencnssssansncnncnens 357.8 - 358.6
Shale, medium olive gray, limy; contains

gypsum, white............ ctece s ecant st 358.6 - 361.0
Shale, medium olive gray, contains abundant

gypsum, white......... Ceeevesesaatsaar e 361.0 - 265.8

Foraker Formation:
Long Creek Member:
Limestone, medium tan, very finely to finely

crystalline, shaley......ccivevererennoneneans 365.8 - 367.0
Shale, light olive gray, limy; contains
EYPSUM. + et v vnnnaccassa cees s ecasrsrars e anan 367.0 - 367.5
Limestone, medium tannish gray, finely
crystalline, silty.....cccviveeenns . ..., 367.5 - 370.0
Limestone, medium gray, finely crystalllne
= I 3 Gt e et e 370.0 - 372.4
Hughes Creek Member: .
Shale, medium olive gray.....cceeeeececcssn cee. 372.4 - 376.0

Shale, dark gray with reddish tint _
interbedded with medium gray with reddish

175 ¢ 7R ceesssecaneans .. 376.0 - 381.0
Shale, medium gray mottled with reddish brown 381.0 - 383.5
Sbale medium reddlSh gray ® 8 5 4 % 9 5 9 % 0 02 60 9 s s e 383o 5 - 386.0

Limestone, medium gray, finely crystalline,

silty, shaley; contains dark gray

"inclusions' . ... i i i i it et e 386.0 - 387.2
Shale, medium gray.......cocitiieiiencnneccnssns 387.2 - 390.0



Test hole 41-79 continued

Depth, in feet
From To
Shale, medium greenish gray....... ceenan veeees. 390.0 - 391.0
Shale, dark gray mottled with red.............. 391.0 - 397.0
Limestone, medium gray, finely crystalline,
impure; contains c¢rinoids, pyrite, and
fusulinids................ ..... cerene «e. 397.0 - 398.1
Shale, medium gray with reddish tint ...... ... 398.1 - 401.2
Limestone medium gray, finely crystalline,
impure; contains brachiopods.............. ... 401.2 - 402.4
Shale, medium gray mottled with red......... ... 402.4 - 405.0
Shale, medium to dark gray....cceeeeiceceecenas 405.0 - 410.3
Americus Member:
Shale, dark gray; interbedded with siltstone,
medium gray..... e cheeaa cee et e e 410.3 - 410.9
Admire Group:
Hamlin Formation:
Shale, dark gray to black, fissile............. 410.9 - 411.2
Shale, dark gray..... e treecsatcssensssensaress. 411.2 - 413.0
Shale, light to medium greenish gray ........... 413.0 - 425.0
Shale, light reddish gray......cieivveiinneennn 425.0 ~ 426.0
Shale, light greenish gray........... ceceeses.. 426.0 - 428.1
Shale, medium gray.....ooeeeeeeecencscssacsocns 428.1 - 431.8
Shale, medium olive.......... . vesessseces.. 431.8 - 434.0
Shale, medium gray w1th olive t1nt e 434.0 - 436.0
Shale, medium to dark gray mottled w1th
reddlsh o e 1« R 436.0 - 439.0
Shale, medium reddlsh gray Ceee e ceeseseaes 439.0 - 440.5
Shale, medium gray with reddlsh tint........... 440.5 - 445.0
Shale, medium greenish gray..........c..0.. ceee. 445.0 - 452.1
Five Point Formation:
Shale, medium tannish gray, limy............... 452.1 - 453.4
West Branch Formation:
Shale, medium gray with olive tint........ ces.. 453.4 - 460.5
Shale, light to medium greenish gray........... 460.5 - 462.4
Shale, light to medium greenish gray with
reddish tint..... e e e ceesaseaaea e e 462.4 - 466.0
Shale, medium gray.......... et e e et . 466.0 - 471.2
Shale, medium gray; 1nterbedded with thin
limestones, medium tan, finely
crystalline......... e tee st st 471.2 - 475.5
Falls City Formation: '
Lehmer Member:
Limestone, medium tan, finely crystalline,
shaley....veevvennenaen. Cecesesersaans ceeoen 475.5 - 477.2
Reserve - M1les Members
Shale, medium gray..... Ces e e 477.2 - 480.0
Limestone, light to medlum gray, impure;
contalns ostracods and algal mater1a1 ........ 480.0 - 480.3

Onaga Formation:
Hauxby Member:
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Test hole 41-79 continued

Shale, medium gray, limy at 487.2 - 489.1......
Shale, medium greenish gray..... Cesis e et
Aspinwall Member:
Limestone, light to medium gray, finely
crystalline, silty, impure; contains algal
material; interbedded with shale, medium

greenish gray......... ce e s enana i e s eese e
Towle Member:
Shale, medium gray with olive tint, limy.......
Shale, medium gray with olive tint.............
Shale, reddish brown...... ...t ieeeeeeenenennn
Shale, medium gray............. ettt
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Depth, in feet
From To
480.3 - 489.1
489.1 - 490.3
490.3 - 493.1
493.1 - 495.0
495,0 - 500.0
500.0 - 501.0
501.0 -~ 503.0



Test Hole 42-79

Location: Pawnee County, SE corner SW SW sec. 16, T. 3 N., R. 12 E.,
approximately 17 feet north of south section line and
273 feet west of quarter section line.

Ground-level elevation: 1,048 feet above mean sea level.

Started: July 26, 1979. Completed: July 31, 1979.

Total depth: 518.0 feet.

Description Depth, in feet
From To.
Quaternary System:
Soil (no sample)....veverieeeeereoenronccssns .. o - 1.0
Silt, light yellowish tan w1th iron
stalnlng ................. ce et e Che e 1.0 - 9.0
Silt, medium to dark tan SANAY .. it en et 9.0 -~ 12.0
Silt, medium tannish brown, sandy....ooeeeens 12.0 - 15.5
Silt, medium tannish brown, sandy, clayey. 15.5 -~ 21.0
Sand, medium tannish brown, very fine to
i 1 + X = Ceesssesassseccse 21.0 - 25.0
Sand, medium ye110w1sh tan, very fine to
coarse, and gravel, very flne to medium..... 25,0 - 43.5
Gravel, very fine to coarse, and sand,
medium to coarse; contains shale, light
to medium gray........e.00 cee e cee e 43.5 - 47.0

Pennsylvanian System - Virgil Series - Wabaunsee Group:
Severy Formation:
Shale, medium gray.......ccovvvees et e s i 47.0 - 59.3
Shawnee Group:.
Topeka Formation:
Coal Creek Member:
Limestone, light to medium gray, very
finely to finely crystalline, impure;

contains pyrite and abundant brachiopods... 5.3 - 61.1
Holt Member:
Shale, medium gray, limy........ cees e e 61.1 - 61.4
Shale, dark gray, fissile.......... Ceter e 61.4 - 61.7
Shale, black, fissile............. cea e e 61.7 - 63.8
DuBois Member:
Limestone, medium gray, finely crystalline; .
contains brachiopods and crinoids.......... 63.8 - 65.0
Turner Creek Member:
Shale, medium gray......ccceteeeenacnnacsonns 65.0 -~ 65.2
Shale, light gray.......ccoeeveea. . 65.2 - 68.3

Sheldon Member:
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Test hole 42-79 continued

Depth, in feet
From  To
Limestone, very light to light tan, very
finely to finely crystalline, pseudo-
oolitic; contains Osagia and abundant
algal mater1a1 ...... et e e e en et s e 68.3 -~ 71.5
Limestone, medium tannlsh gray, very finely
crystalllne contains brachiopods and
fusulinids................. Ce et et 71.5 - 72.3
Jones Point Member:
Shale, medium to dark gray, limy.............. . 72.3 - 73.0
Curzon Member:
Limestone, medium gray, very finely
crystalline; contains brachiopods, crinoids,
and pyrite.......... Gt et es e eet ettt 73.0 - 74.2
Shale, light gray......cceeiiveeneesssincecenns 74.2 - 76.2
Limestone, medium gray, very finely to finely
crystalllne, contains brachiopods and
fusulinids...... ittt e et 76.2 - 77.0
Limestone, medium gray, very flnely to finely
crystalline; contains pyrite, fusulinids,
and abundant brachiopods........ ce et et 77.0 - 78.0
Iowa Point Member:
Shale, medium gray..... e e sersetuacsese e 78.0 - 80.5
Hartford Member:
Limestone, light to medium gray w1th tannish
tint, very finely to finely crystalline;
contains abundant ostracods.......ccv0v0nnn . 80.5 - 81.0
Shale, light gray with greenish tint........... 81.0 - 81.3
Limestone, light to medium tan, very finely
crystalline; contains pyrite, brachiopods,
and abundant ostracods......cciievicineenan 81.3 - 82.1
Shale, medium gray......cocuas Ches e as e 82.1 - 82.4
Limestone, medium tannish gray, finely
crystalline, pseudo-oolitic in part;
contains gastropods, brachiopods, algal
material, and abundant ostracods and
Osagig...ecoveiieeeninennn. st s easect e 82.4 - 183.3
Calhoun Formation:
Shale, light to medium gray.........cccioiveeen. 83.3 - 84.2
Deer Creek Formation:
Ervine Creek Member:
Limestone, light to medium tan, very finely
to finely crystalline; contains pseudo-
oolites, and algal material......c.coocuoeeees 84.2 - R85.2
Limestone, light gray with tannish tint, very
finely to finely crystalline, silty,
shaley; contains crinoids and pyrite......... 85.2 - 87.0
Limestone, light cream to tan, very finely
to finely crystalline; contains brachiopods,
ostracods, and algal material...........cco00 87.0 - 91.0
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Test hole 42-79 continued

Limestone, light to medium tannish gray,
very finely to finely crystalline, impure;
contains brachiopods, crinoids, and algal

material. ... ...ttt it it it s e
Limestone, medium gray, finely crystalline,
shaley; contains crinoids............... ...,
Shale, light to medium gray........coevevveenn
Larsh Member:
Shale, medium gray........ e e ettt e
Shale, black, fissile..... it

Rock Bluff Member:

Limestone, light to medium tan, very finely

crystalline; contains brachiopods...........
Oskaloosa Member:

Shale, medium gray......cceveueunen et

Siltstone, light greenish gray..........c.0000.

Siltstone, grading to claystone, light
cream with reddish tint........ i,

Sandstone, light greenish gray................

Siltstone, light gray, clayey.......... Ce s

Shale, reddish brown........ C et et e e

Ozawkie Member:

Limestone, light tan, very finely crystalline;
contains rounded quartz grains and abundant
ostracods....... e e ettt

Tecumseh Formation:

Shale, reddish brown; interbedded with thin
limestoneg, light tan.............. . ... ...,

Shale, medium gray, limy.....coeeeeiieeennnnnn

Shale, dark olive gray.....c.cieeettenerecneenn.

Shale, medium to dark olive gray..............

Shale, dark gray..... ...ttt ecnsnonssnsson

Shale, medium gray.......coeeerneronnennonaass

Lecompton Formation:
Avoca Member:

Limestone, medium gray, finely crystalline,
shaley; contains crinoids and brachiopods...

Shale, medium gray; interbedded with
limestone, medium gray, finely
crystalline........... et et .

Limestone, medium gray, finely crystalline,
impure; contains gastropods, pelecypods,
brachiopods, pyrite, and abundant
fusulinids......... s e e ceeoe ce e e .

King Hill Member: . '
Shale, light greenish gray.......ciceiieiennnn
Beil Member:

Limestone, light greenish gray, very finely
crystalline, shaley; contains brachiopods
and pyrite.......... e e et
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Depth, in feet
From To
91.0 - 93.0
93.0 - 93.9
93.9 - 99.6
99.6 - 100.0

100.0 - 101.1
101.1 - 103.7
103.7 - 105.0
105.0 - 107.0
107.0 - 109.0
109.0 - 110.3
110.3 - 113.5
113.5 - 116.0
116.0 - 119.3
119.3 - 123.1
123.1 - 123.7
123.7 - 129.0
126.0 - 131.0
131.0 - 135.0
135.0 - 141.0
141.0 - 141.5
141.5 - 142.0
142.0 - 144.5
144.5 - 146.4
146.4 - 147.0




Test hole 42-79 continued

Limestone, light greenish gray, very finely
crystalline; contains Osagia and
abundant fusulinids and algal material......
Limestone, light gray, very finely
crystalline, contains algal material...... .
Queen Hill Member:
Shale, light gray with greenish tint..........
Shale, black, fissile..... b e st
Big Springs Member:
Limestone, medium gray, very finely

crystalline. ... ... ittt et ononsenannocens
Shale, medium to dark gray.....c.eeeeeeeeeennn
Limestone, light gray, finely crystalline;

contains fusulinids........... i,

Doniphan Member:
Shale, medium to dark greenish gray...........
Spring Branch Member:

Limestone, light to medium tan with gray tint,
finely crystalline; contains fusulinids,
Osagia, and abundant algal material.........

Limestone, light to medium tan, finely
crystalline......... cr e C et e e e s e

Shale, dark gray to black, limy.......cc..0u.

Limestone, light gray, finely crystalline,
shaley; contains fusulinids and
brachiopods. . ... ittt ittt inens

Kanwaka Formation:

Limestone, light gray, finely crystalline,
shaley; contains algal material and
abundant fusulinids.........ciiieeiii

Oread Formation:
Kereford Member:

Limestone, light gray, finely crystalline.....

Limestone, light gray, very finely
crystalline; contains fusulinids......... N

Limestone, light gray, very finely
crystalline........coiiitvnnnns ce e PN

Heumader Member:
Shale, medium gray, limy.......cceenvecencens
Plattsmouth Member:

Limestone, light tannish gray, very finely
crystalline; contains fusulinids, Osagia,
and abundant algal material..... Che s e eaea

Limestone, light tannish gray, very finely
crystalline; contains fusulinids and
brachiopods....... ittt iinnnnnesseisens

Limestone, light to medium tan, very finely
to finely crystalline; contains fusulinids,
bryozoans, and brachiopods.......c.iiveennn
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Depth, in feet
From To
147.0 - 150.6
150.6 - 152.1
152.1 - 153.0
153.0 - 155.8
155.8 - 158.2
158.2 - 158.5
158.5 - 160.0
160.0 -~ 164.3
164.3 - 165.0
165.0 - 167.0
167.0 - 167.9
167.9 - 170.3
170.3 - 171.8
171.8 - 176.0
176.0 - 180.3
180.3 - 181.3
181.3 - 181.5
181.5 - 185.0
185.0 - 190.0
190.0 - 195.0



Test hole 42-79 continued
Depth, in feet

From To

Limestone, light gray with tannish tint,
very finely to finely crystalline,
impure; contains brachiopods; shaley
lower O0.1.....iitiiiienennessscsnenenansscas 195,0 - 201.3
Heebner Member:
Shale, light to medium gray........... ceseeres 201.3 - 201.8
Shale, black, carbonaceous.......ceeveceesasss 201.8 - 204.,2
Leavenworth Member:
Limestone, light to medium gray, very finely
to finely crystalline; contains brachiopods. 204.2 - 206.0
Snyderville Member:
Shale, light gray....... Ceseaans ceersrassaes.. 208.0 - 212.5
Shale, reddish brown i esecrasacanesenssesss 212.5 - 213.0
Shale, reddish brown Wlth greenlsh gray tint,. 213.0 - 213.4
Toronto Member:
Limestone, very light tan, very finely to
finely crystalline; contains Osagia and
abundant fusulinids, algal material,
and brachiopods.....ci et vrrenncocesess .. 213.4 - 214.8
Limestone, very light tan, very finely to
finely crystalline; interbedded with
shale, reddish brown...... cecaee e ee e 214.8 - 222.0
Douglas Group:
Lawrence - Plattford Formations:
Shale, light to medium gray..... cresseessnsaaa. 222,0 - 225.0
Limestone, tan, irregularly crystalline,
pseudo-oolitic; contains bryozoans and

fusulinids....... et et ettt ettt e e 225.0 - 225.8
Shale, reddish brown....... it s et 225.8 - '229.8
Shale reddish brown, limy......co0eevnveenns. 229.8 - 237.0
Shale, medium gray mottled with reddlsh

brown e s et ees e Ceree et 237.0 - 240.0
Shale, medium = o - 240.0 - 253.8

Limestone, light gray, finely crystalllne
contains brachiopods, pyrite, and
fusulinids......c.citv it 253.8 - 258.1
Shale, medium gray......cceeeeee.s ceeseseees 258.1 - 268.9
Limestone, medium gray, 1rregu1ar1y
crystalline; contains abundant crinoids
and brachiopods; interbedded with shale,
medium gray...cceveterssvoscsosnsssessnssensss 268.9 - 273.0
Shale, medium gray; interbedded with
limestone, medium gray, finely crystalline;
contains crinoids and brachiopods........... 273.0 - 276.5
Shale, light greenish gray.... teceaseneseases 276.5 - 280.0
Shale, reddish brown..... Ceecesetsans creseeas. 280.0 - 281.0
Shale, light greenish gray ..... seasssess. 281,0 - 284.4
Missouri Series - Lansing Group
Stanton Formation:
South Bend Member:
Limestone, light tan to white, very finely
crystalline; contains crinoids and algal
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Test hole 42-79 continued

material............ Cer e re s et easeess e e
Shale, light greenish gray, limy..............
Limestone, light gray, very finely to

finely crystalline; contains fusulinids,

bryozoans, brachiopods, and abundant

algal material and Osagia.............c0cune
Limestone, light gray, very finely to finely

crystalllne, contains gastropods, crinoids,

bryozoans, pyrite, and abundant fusulinids;

interbedded with shale, medium gray.........
Rock Lake Member:
Shale, medium gray......cceeeeecececcescocsess

Stoner Member:

Limestone, very light gray, very finely to
finely crystalline; contains abundant
bryozoans, crinoids, and pyrite.............

Limestone, very light gray, very finely to
finely crystalline; contains pyrite.........

Shale, light greenish gray, limy..............

Vilas Formation:

Shale, light greenish gray; interbedded

with thin limestones at 308.2 and 309.3.....
Plattsburg Formation:

Limestone, light tan, very finely crystalline;
contains abundant algal material............

Shale, light gray.......... et st sea e

Limestone, light gray, very finely
crystalline; contains algal material........

Shale, light to medium gray; interbedded
with thin limy zones........... c ettt e

Limestone, light gray, very finely
crystalline.. ... ..ot teeesrsancescccnancenna

Limestone, very light gray to white, very
finely crystalline; contains algal
material and bryozoansS.......cccccecececcesaas

Limestone, light greenish gray, very finely
crystalline; contains brachiopods...........

Limestone, very light gray, very finely
crystalline; contains algal material........

Bonner Springs Formation:
Shale, medium gray........... Ceec e
Shale, light gray........cceiitiieeienecnnnanns
Wyandotte Formation:
Farley Member:

Limestone, light to medium tan, very finely
crystalline; contains bryozoans algal
material and chert......... i eeenennn

Limestone, light gray, very flnely
crystalline; contains crinoids and algal
material.. ... ittt ireiseteri oo
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Depth, in feet
From To
284.4 - 288.3
288.3 - 291.0
291.0 - 293.0
293.0 - 295.0
295.0 - 297.1
297.1 - 301.0
301.0 - 304.7
304.7 - 306.0
306.0 - 309.9
309.9 - 310.8
310.8 - 311.0
311.0 - 313.4
313.4 - 316.4
316.4 - 318.0
318.0 - 321.0
321.0 - 321.5
321.5 - 323.7
323.7 - 327.2
327.2 - 328.2
328.2 - 330.8
330.8 -~ 333.0



Test hole 42-79 continued

in feet

Limestone, very light tan, very finely
crystalline; contains algal material
and brachiopods......... et e e e 333.0
Shale, light gray..... S e ettt st ee s 334.3
Limestone, light gray, very finely to finely
crystalline; contains pyrite and algal
material........... Ceee et 336.6
Island Creek Member:
Shale, light gray...... Ce st s et es e 337.0
Argentine Member:
Limestone, light tan, finely crystalline;
contains abundant algal material........... 339.1
Limestone, light gray, very finely
crystalline; contains brachiopods and
o7 1 = 341.0
Limestone, llght gray, very finely
crystalline, contains pyrite........... ... 345.0
Limestone, light gray, very flnely
crystalllne .............. e et ... 350.0
Quindaro Member:
Limestone, light gray, very finely
crystalline, shaley..ceseceetevetanoscnnoass 353.0
Frisbie Member:
Limestone, light gray, very finely
crystalline........... e ch e 354.3
Shale, light gray, 1imy. . ive et st vosnonconasns 355.0
Limestone, light gray to whlte very finely
crystalllne, contains pyrite, glauconite,
brachiopods, and algal material............ 355.6
Lane Formation:
Shale, medium gray.....c.cecveveveees ce e e e 356.8
Iola - Dennis Formations:
Limestone, very light tan to white, very
finely to finely crystalline, pseudo-
oolitic; contains algal material and
Osagia...cccvveviannnn ettt ee e ... 370.1
Shale, medium gray, 11my. . Ch e e s e 371.8
Limestone, very light gray to whlte finely
crystalline, contains glauconite
and abundant algal material..... ceseersseas 372.5
Limestone, very light gray to white, very ‘
finely to finely crystalline; contains
pseudo-oolites and algal material......... . 375.0
Limestone, very light gray to white, very
finely to finely crystalline' contains
fusulinids..... Ceceterieeatsssisassesesessasss 380.0
Limestone, very light gray to whlte finely
crystalline, shaley; contains dark gray
"inclusions" and abundant algal material... 385.0
Limestone, very light gray to white, very
finely to finely crystalline; contains
algal material......cciieeeevecnsnnsacasass 390.0
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To

334.3
336.6

337.0

339.1

- 350.0

- 353.0

- 354.3

- 355.0
~ 355.6

- 356.8

- 370.1

- 371.8
- 372.5

375.0

380.0

385.0

390.0

400.0




Test hole 42-79 continued

Limestone, very light tan to white, very
finely crystalline; contains pyrite........
Limestone, very light tan to white, very
finely crystalline; contains fusulinids,
brachiopods, and algal material..........
Shale, light greenish gray; interbedded
with limy zones at 409.6 - 410.7 and

411.1 - 411.2. ... ..ttt tcnntnrnecntnannn
Shale, light greenish gray; contains

granitic wash.............. e e i
Shale, reddish brown; contalns granitic

WasSh.....ciiiiiiiiiiiiienrionnsonnnes ceeeene

Precambrian System:
Granitic rock, weathered...... e et
Granitic rock, fresh; 2 5/16" dlameter core
taken at 1nterva1s

run
run
run

1 - 482.0 - 488.5, 6.5 recovered
2 - 488.5 ~ 494.5, 6.0 recovered
3 - 512.0 - 518.0, 5.5 recovered
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Depth, in feet
From To
400.0 - 405.0
405.0 - 406.7
406.7 - 411.1
411.1 - 414.1
414.1 - 429.2
429.2 - 440.0
440.0 - 518.0



Test Hole 18-B-79

Location: Sheridan County, NW corner NE NE NW NE sec. 24,
T. 34 N., R. 42 W., approximately 5-10 feet south
of north section line and 996 feet east of half
section line.

Ground-level elevation: 3,755 feet above mean sea level.
Started: July 13, 1979. Completed: July 14, 1979.

Total depth: 610.1 feet.

Description Depth, in feet
From To
Quaternary System:
Topsoil, blacKk......ceeeereeeeereeenanaansonses o - 3.0
Subsoil, silty, slightly clayey, dark brown. 3.0 - 6.0
Silt, slightly clayey, very slightly sandy,
medium yellowish brown.........ciceeveveonn 6.0 - 8.5

Tertiary System - Miocene Series - Arikaree Group:
"Upper Harrison'" Formation:
Silt to siltstone, slightly sandy, slightly
to moderately clayey, light yellowish brown
to brown, non to very calcareous at 20.0 -
30.0 and 43.8 - 70.0...iieeiieenenenncccnnsns 8.5 - 70.0
Silt, slightly to moderately sandy, slightly
to moderately clayey, light to medium
brown, non to very cCalcareousS........ccoc00nn 70.0 - 94.0
Silt, sandy to very sandy, brown............... 94.0 - 100.0
Sand, very fine to fine with traces of
medium, brown, non to very calcareous;
interbedded with sandstone, very fine to
medium grained, at 105.8 - 110.0............. 100.0 - 120.6
Harrison -~ Monroe Creek Formations:
Sand to sandstone, very fine to fine grained
with traces of medium, brown, non to very
calcareous; slightly coarser 140.0 - 146.7... 120.6 - 163.5
Silt, slightly to very sandy, very slightly
to moderately clayey, brown to yellowish
brown, non to very calcareous; contains
siltstones 230.0 - 240.0....cccceeevevernens . 163.5 - 249.6
Gering Formation:
Sand to sandstone, very fine to fine
grained with traces of medium, brown
to light yellowish brown; sandstone at
249.6 -~ 250.0 containing manganese
staining......cciiiiiiii it et reeesee. 249.6 - 290.0
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g s e

Test hole 18-B-79 Continued

Sand, fine with traces of medium and
coarse, light yellowish brown, non to very
calcareous ...... Ch s e s e esea e seaseen e eaes s
Silt, very sandy, very slightly clayey,
yellowish brown, non to moderately
calcareous........ et e s ser et sssasas et
Sand, very fine to fine, moderately to
very silty, very slightly clayey, yellowish
brown; interbedded with sandstone, very fine
to fine grained with traces of medium,
very pale brown, very calcareous, from
302.7 - 303.4....... e s e s et aaeas s anenn
Oligocene Series - White River Group:
Brule Formation:
Sand, very fine, very silty, brown;
interbedded with silt, moderately sandy,
slightly to moderately clayey, brown; very
limy at 311.0 = 311.7.. .00t eecsosnscccnnans
Silt to siltstone, moderately to very sandy,
slightly clayey, brown, non to very

calcareous........... Cesseseets e anen ceean
Sand, very fine to fine with traces of

medium, brown........... e eeeseeecasteen s .
Silt to siltstone, very sandy, slightly

clayey, brown...... ceeesaanna ches e ceees

Sand, very fine to flne w1th traces of
medium, brown, non to very calcareous..... oe
Silt to siltstone, moderately to very
sandy, brown, non to very calcareous.........
Sand, very fine to fine, moderately to very
silty, brown, non to very calcareous.........
Siltstone to silt, slightly to very sandy,
brown to yellowish brown, non to very
calcareous; contains possible volcanic ash,
pale olive brown, at 442.0 - 442.1...........
Sand to sandstone, very fine to fine with
traces of medium, brown, non to very

calcareous at 475.5 - 490.0. ... cvtevtnacnnnn
Silt, to siltstone, moderately to very sandy,

brown to ye110w1sh brown..... C et e ia e .
Sand, very fine with silt interbeds pale

brown. ............. C et e e s as e ee e aees s .

Silt, very sandy, very pale to pale brown,
non to very calcareous upper 2.3; contains
volcanic ash 532.0 - 532.2..... Ceeei e co
Silt, very slightly to slightly sandy,
slightly to moderately clayey, very pale to
pale brown, non to moderately calcareous.....
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Depth, in feet
From To
290.0 - 297.0
297.0 - 300.0
300.0 - 310.5
310.5 - 320.0
320.0 - 353.5
353.5 - 357.0
357.0 - 361.0
361.0 - 374.2
374.2 - 400.0
400.0 - 420.0
420.0 - 465.5
465.5 - 493.0
493.0 - 516.0
516.0 - 527.7
527.7 - 540.0
540.0 - 610.0



Test Hole 24-B-79

Location: Sheridan County, SW NW SW SW NW sec. 1, T. 30 N.,
R. 42 W., approximately 370 feet north of half section
line and 90-100 feet east of west section line.
Ground-level elevation: 3,652 feet above mean sea level.
Started: August 7, 1979. Completed: August 9, 1979.

Total depth: 669 feet.

Description Depth, in feet
From To
Quaternary System:
Soil, sandy (no sample) . ..ot ieenrteveoeean . o - 4.0
Silt, sandy, yellowish brown................. . 4.0 - 5.7

Tertiary System - Pliocene Series - Ogallala Group, Undifferentiated:
Sandstone, silty, pale yellow to yellowish

brown; contains root casts....ccvciiinennennn 5.7 - 30.0
Silt, light gray; contains volcanic ash...... . 30.0 - 35.9
Sandstone, yellowish brown; contains root

CaStS.. et rneninssecnnaa et ettt 35.9 - 40.0
Sandstone to sand, very fine to fine

grained, light yellowish brown to brown;

contains root casts in part..........cc... 40,0 - 101.0
Silt, slightly clayey, slightly sandy, pale

TELIOW. ¢ vttt ittt et seossorsennsasessossssnons 101.0 - 104.0
Sandstone, very flne to flne grained, pale

brown to light brownish gray................ 104.0 - 140.0

Sandstone, fine to medium grained with
traces of very fine, olive; interbedded
with silts; contains gravel 157.7 - 160.0;

poorly sorted 160.0 - 170.0......... cee.. 140.0 - 170.0
Silt, sandy, slightly clayey, pale 011ve

1nterbedded with sandstone.............. ee.. 170.0 - 176.0
Sandstone, fine to medium grained, pale

brown to olive brown; contains scattered

gravel interbeds............. it 176 .0 - 224.9
Silt, sandy, light yellowish brown ........ 224.9 - 230.,0

Sandstone, fine to coarse grained w1th traces

of very coarse, light olive brown; contains

gravel, fine to medium 240.0 - 257.9........ 230.0 - 257.9
Silt, slightly sandy, slightly clayey, pale

brown to pinkish brown, slightly to

very calcareous; interbedded with

sandstone............ e e 257.9 - 272.5
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Test hole 24-B-79 continued

Sandstone, fine to medium grained with
traces of gravel, very fine to medium,
light pinkish brown, slightly to very
calcareous.......... ceseesresrtasressnaaan s -

Sand to sandstone, very fine to coarse with
gravel, very fine to medium, pale brown......

Sandstone, fine to medium grained with
traces of coarse, pale brown; contains
interbedded silts and gravels................

Silt, sandy, light yellowish brown to pale
brown; contains traces of gravel lower 6.0...

Sandstone, fine to coarse grained with
gravel, very fine to fine, brown.............

Silt, sandy, slightly clayey, pale reddish
brown; contains gravel........cotiieineeeenn.

Sandstone, very fine to coarse grained
with traces of fine gravel, brown............

Miocene Series - Arikaree Group
"Upper Harrison'" Formation:

Siltstone, slightly sandy, slightly to
moderately clayey, light to medium yellowish
brown....ceeieieecennes c e s as ettt ess s esanna

Siltstone to silt, slightly sandy, slightly
to moderately clayey, light yellowish
brown.....veveeeee. s eesessessasas e et eaan

Silt to siltstone slightly sandy, slightly
clayey, very pale brown to white, non
tO VEry CalcareoUsS. . ..ot ieeeteeanccnenncneens

Siltstone to silt, slightly sandy, light
yellowish brown non to slightly
CRLCATEOUS .ttt i ittt it ettt et ane et eenaeaannn

Siltstone to silt, sllghtly to moderately
sandy, slightly clayey, light yellowish
brown, non to moderately calcareous..........

Siltstone to silt, sandy, light gray,
moderately to very calcareous................

Siltstone to silt, moderately to very sandy,
light yellowish brown to light gray, non

tO Very CcalcareousS. . ... ou it ieeeennocansenen
Sandstone to sand, fine to very coarse
grained, brown.........c.0.0.. che s e et

Monroe Creek Formation:

Siltstone to silt, very sandy, light
brownish gray to pale brown, non to
slightly calcarous, contains limy interbeds,
sandy, at 537.7 - 539.6, 546.1 - 550.0,
560.8 - 564.4, 583.2 - 584.1, 586.4 - 588.0,
and 589.5 - 590.4....... e e e

Sand, silty, pale brown, non to slightly
CAlCATEOUS . .ttt vt eeentosserorensennsoscsssncas

Depth, in feet
From To
272.5 - 280.0
280.0 - 295.4
295.4 - 323.5
323.5 - 336.0
336.0 - 346.5
346.5 - 350.5
350.5 - 365.5
365.5 - 390.0
390.0 - 425.3
425.3 - 444.0
444 .0 - 450.0
450.0 - 490.0
490.0 - 492.8
492.8 -~ 517.0
517.0 - 532.0
532.0 - 590.4
590.4 - 616.6



Test hole 24-B-79 continued

Oligocene Series - White River Group:
Brule Formation:
Silt to siltstone, moderately sandy, non
to slightly clayey, yellowish brown to
light yellowish brown...........coevuieencenn
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Depth, in feet

From

616.6

To

- 669.0




Test Bole 1a-GT-80

Location: Boyd County, SE SW SE sec. 24, T. 35 N., R. 15 W.,
approximately 143 feet north of south section line
and 240 feet west of east quarter section line.

Ground-level elevation: 1,780.0 feet above mean sea level.

Started: July 8, 1980. Completed: July 12, 1980.

Total depth: 758.0 feet.

Description Depth, in f

eet

From

Quaternary System:

Sand, very dark brown, fine grained with

traces of medium and coarse; contains

abundant organic material................... 0.0 -
Sand, yellowish brown, very fine to fine

grained with small fraction of medium

and traces of medium to coarse.............. 3.0 -
Sand and gravel, yellowish brown, sand

coarse to very coarse grained, gravel

very fine to medium grained; contains

abundant feldspars; very slightly

clayey at 15.0-20.0.......... e 5.0 -
Sand and gravel and reworked shale sand

and gravel yellowish brown, sand coarse to

very coarse grained, gravel very fine

to medium grained with traces of coarse;

reworked shale dark yellowish brown to

dark grayish brown..........ciiiiiiiiieeennn 39.0 -

Cretaceous System - Upper Cretaceous Series - Montana Group:
Pierre Formation:
Shale, olive gray to dark olive gray, hard.... 41.8 -
Shale, very dark gray, hard, slightly fissile. 45.0 -
Shale, very dark gray, soft with interbedded
hard layers; contains thin bentonite
seam at 112.0 to 113.0 and very thin limy

To

39.

41.

45.
80.

zone at 115.0......... s e s s e vsecnereeenena .. 80.0 - 255.

Limestone, very dark gray, very finely

crystalline, very thinly bedded; contains

PyYrite. ... ittt ittt aenn es. 2855.0 - 2
Shale, very dark gray, soft with moderately

hard interbeds; contains very thin

bentonite seams at 323.0-330.0.............. 255.6 - 3
Shale, dark gray to very dark gray, soft

with moderately hard interbeds; contains

occasional very thin limy interbeds......... 340.0 - 3
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Test hole la-GT-80 continued
Depth, in feet

From To

Shale, dark gray to very dark gray, soft

with moderately hard interbeds...... ce et e 380.0 - 430.0
Shale, very dark gray to dark gray, soft

with moderately hard interbeds; contains

occasional very thin limy interbeds at

434.0-466.0......0.0ivetrentesanerannsssseasn. 430.0 - 466.0
Limestone, gray, finely crystalllne soft,

SRhaleY. . ittt tertietorteroensesstoeacsnns ... 466.0 -~ 474.0
Shale (taken from E~1og), very dark gray to

black; interbedded with thin limestones

gray, finely crystalline, very soft.......... 474.0 - 494.0
Limestone, gray, finely crystalline, sandy

to silty,; contains pyrite and ostracods...... 494.0 - 498.0

Shale, dark gray, slightly to moderately limy.. 498.0 - 521.0

Colorado Group:
Niobrara Formation:
Limestone, dark gray ''speckled" with white
to very light brown inclusions, finely
crystalline, soft, chalky; contains
pyrite.....cciiieiiiianann c e et cee e e cee. 9521.0 - 523.0
Limestone, dark olive gray "speckled" with
white to very light brown inclusiomns,

finely crystalline, soft, chalky............. 523.0 - 572.0
Limestone, olive gray 'speckled" with white
inclusions, soft, chalky........ciivevinnvenn 572.0 - 618.0

Limestone, '"speckled" olive gray with

"speckled" gray interbedded, finely

crystalline, soft, chalky; contains

Scattered £iSh SCALES. ..o vennneeenneeenneenn. 618.0' - 620.0
Limestone, light to dark gray with "speckled"

white inclusions, soft, chalky; contains

traces of pyrite and pelecypods..... ........ . 620.0 - 630.0
Limestone, gray to dark gray ''speckled" with

white inclusions, finely crystalline, soft,

chalky............. Ceer ettt ae e ... 630.0 - 652.0
Limestone, gray to dark gray "speckled" Wlth

white inclusions finely crystalline, soft

chalky, slightly to moderately shaley........ 652.0 - 700.0
Shale, very dark gray, moderately hard,
slightly to moderately limy.......cceeevvennn 700.0 - 758.0
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Test Hole 2-GT-80

Location: Keya Paha County, SE SW NW, sec. 32, T. 35 N., R. 20 W.,
approximately 2,360 feet south of north section line
and 810 feet east of west section line.

Ground-level elevation: 2,107 feet above mean sea level.

Started: May 20, 1980. Completed: May 22, 1980.

Total depth: 500.0 feet.

Description Depth, in feet

From To

Quaternary System:

Topsoil, very dark grayish brown, very
silty..... Cresa e enenns Ciese s s iaaca e

Sand, dark brown, very fine grained, silty....

Sand, grayish brown, very fine to fine
grained with traces of medium; contains
traces of reworked shale, dark gray in
lower 1.5....ciivvvnnn e Cee s e a e 5.0 - 11.5

O

Cretaceous System - Upper Cretaceous Series - Montana Group:
Pierre Formation:
Shale, dark gray, clayey, hard at 35.0-35.2,
41,0-41.1, 97.5-98.0, 123.,0-123.1, 171.0-
171.8, 313.0-313.1...... et e et reet e e . 11.5 - 500.0
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Test Hole 3-GT-80

Location: Cherry County, NE SE SW sec. 28, T. 34 N., R. 27 W.,
approximately 975 feet north of south section line
and 350 feet west of half section line.

Ground-level elevation: 2,446.0 feet above mean sea level.

Started: May 28, 1980. Completed: May 30, 1980.

Total depth; 503.0 feet.

Description Depth, in feet

From To

Quaternary System:
Sand, light brown, very fine to fine grained
with traces of medium; contains quartzitic

boulders, olive, at 3.0-5.0.. .0 cereceeceens 0.0 - 5.0
Sand to silt, light brown, sand very fine

grained........... s cecsesectascssass et saana 5.0 - 10.0
Sand, light brown, very fine to fine grained.. 10.0 - 20.0

Tertiary System - Miocene Series - QOgallala Group,
Undifferentiated:

Silt, light brown, slightly sandy, sand very

fine to fine grained......veeveeceveceencens 20.0 - 29.0
Silt, light olive brown, very clayev.......... 29.0 - 30.0
Sand, yellowish brown, fine grained with

traces of medium, slightly clayey to

moderately clayey lower 8.0......000veecece. 30.0 - 65.0
Silt, pale yellow, very clayey..eeeeeeeeeenans 65.0 - 80.0
Siltstone, brown, slightly clavey......... v 80.0 - 185.0
Siltstone, light olive brown with pale

yellow interbedded, very slightly clayey.... 85.0 - 99.0

Tertiary System - Oligocene Series ~ White River Group:
Brule Formation:
Siltstone to silt, light olive gray,

slightly clayey...cceieereennnn Ceereerasenenn 99.0 - 105.0
Siltstone to silt, light to medium olive

gray, slightly to moderately clayey..... e... 105.0 - 112.0
Siltstone to silt, pale olive yellow,

slightly to moderately clayey.......... eeees 112,0 - 122.0
Siltstone to silt, light to medium olive

brown, slightly clayey...ceecereceeeaeen cee. 122.0 - 146.8
Silt to siltstone, brown, slightly clayey..... 146.8 - 165.0
Siltstone to silt, dark yellowish brown,

slightly clayey..c.venrieirrcennseencenneennes 165.0 - 198.0
Silt to siltstone, llght yellow1sh brown

with olive tint, moderately clayey.......... 198.0 - 200.0
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Test hole 3-GT-80 continued
Depth, in feet

From To

Siltstone, yellowish brown, very slightly

Clayey..ceeeeeeeecceeccceeccecoanccnessesnssss 200.0 =~ 280.0
Siltstone to silt, brown, moderately clayey... 280.0 - 286.0
Siltstone to silt, pale yellow, very clayey... 286.0 - 290.5
Siltstone to silt, brown, slightly to very

Clayey.eeereeeceaaeannonns cecoans ceececesass 290.5 - 300.0
Siltstone, yellowish brown.......eceeeeeeeee.. 300.0 - 311.0
Silt, light olive brown to olive brown, very

clayeyeeseeeeeaenas ctecesecccccncascscasesas . 311.0 - 314.0
Siltstone to silt, very pale brown, slightly

clayey..... ceereascceseccanee ceceecececascens 314.0 - 320.0
Siltstone, brown, very sllghtly to

moderately Clayey...ceeeeeceeececccccoaccccns 320.0 - 348.0
Siltstone to silt, olive brown, very

slightly to moderately clayey...ceeeeeeeennn 348.0 - 360.0
Siltstone to silt, brown, very slightly

Clayey.cceeeeneneacesoncannncnee eseeseessas. 360.0 - 428.0
Siltstone to silt, greenish gray.......cece... 428.0 - 440.0
Siltstone, dark greenish gray with traces of

light brown..... ceeeesecssasessessesescssses 440.0 -~ 450.0
Siltstone, light brown with greenish gray

mottling...eeeveveens cceecscessccenssensoaas 450.0 - 460.0
Siltstone, light to dark greenish gray with

light pinkish brown interbedded; contains

traces of black, slightly silty and

slightly to moderately clayey at 480.0-

503.0.ccceccceccccccccancan ceesses cecre e 460.0 - 503.0
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Test Hole 4-~-GT-80

Location: Holt County, NW corner NW NW sec. 6, T. 28 N., R. 11 W.,
approximately 72 feet south of north section line and
153 feet east of west section line.

Ground-level elevation: 1,967.0 feet above mean sea level.

Started: June 2, 1980. Completed: June 3, 1980.

Total depth: 503.0 feet.

Description Depth, in feet

FProm To

Quaternary System:
Sand, pale brown, medium to coarse grained
with traces of fine and very coarse;
contains yellowish red feldspars........... 0.0 - 17.0
Sand, pale brown, coarse grained with
traces of medium and very coarse; contains
yellowish red feldsparsS....cceeeeececneoans 17.0 - 27.0

Tertiary System - Miocene Series - Ogallala Group:
Silt to sand, light greenish gray, sand
very fine grained, very clayey..... e e 27.0 - 30.0
Sand, greenish gray, very fine grained with
traces of fine to coarse, silty, clayey;
contains yellowish red and pale brown
varientsS.....ieeriieencesccacaanns cecseneans 30.0 - 40.0
Sand, light brown, coarse to very coarse
grained, clayey in part; contains yellowish

red feldspars........ cecneeenns Ceeecencanaaa 40.0 - 42.0
Sandstone, olive gray, fine grained,
slightly calcareous....ccciiveeeecens ceaces 42.0 - 46.0

Sand, pale red to yellowish brown, very fine

to fine grained with small fraction

medium, slightly clayey; interbedded with

sandstone, olive gray, fine grained, very

calcareousS...cececoeanas Cheeccecentaasas s 46.0 - 54.0
Sand, light greenish gray, very fine to fine

grained with coarse fraction in upper 8.0,

moderately to very clayey, very calcareous. 54.0 - 65.0
Sandstone, light olive darkening to medium

to dark olive gray lower 3.0, fine grained,

very slightly calcareous at bottom to

moderately calcareous at tOP.veeeeeerteeneen 65.0 - 80.0
Sand to sandstone, medium to dark olive gray,

sand coarse to very coarse grained,

sandstone fine to very fine grained, very

slightly calcareous...c.ceeeeeeee. cesecanane 80.0 - 188.0
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Test hole 4-GT-80 continued
Depth,

in

feet

From

Sand, dark to medium olive gray, very fine

to fine grained, very clayey......ccocvene.. 88.0
Sand, light to medium olive gray, medium to

coarse grained; interbedded with sand-

stones, very fine to fine grained; contains

thin clayey zones in upper 2.0.............. 90.0
Sand to sandstone, light olive gray, sand

coarse grained, sandstone very fine to fine

grained, very calcareous; contains reddish

orange feldspars. ...ttt neeeeenteenaarans 100.0
Sandstone, light olive gray to white, fine

grained, slightly to very calcareous,

slightly to very clayey; interbedded with

sand, medium to coarse grained.............. 107.0
Sand, olive gray, medium to coarse grained;

interbedded with sandstone, very fine to

fine grained; very calcareous, very slightly

clayey...cvuieoeensas ceasann ceesees et e s 140.0
Sand, light olive gray, very fine to fine

gralned very clayey, very calcareous....... 144.0
Sandstone, light olive gray, very fine to

fine grained, very slightly clayey,

moderately to very calcareous; contains

sandy clay at 150.0-150.5..... ceet s enns ceeeas 145.0
Clay, light olive gray, very sandy, sand

very fine to fine grained............ ... ... 155.0
Sand, light olive gray, medium to coarse

gralned very slightly to moderately

clayey, slightly to very calcareous;

interbedded with sandstone, very fine to

fine grained........ ... 00 Gt ec e 160.0
Sandstone, light olive gray, very fine to

fine gralned very slightly clayey, slightly

to very calcareous....ceveeeeeccccssassssass 180.0
Sand, pale brown, very fine to medium

grained, very slightly calcareous; inter-

bedded with sandstone, very fine to fine

grained........ et et ecesa st en st e aeenanne 200.0
Sand, pale brown, very flne to fine grained,

non to very slightly calcareous............. 220.0
Sandstone, pale yellow, very fine to fine

grained, slightly to moderately clayey;

interbedded with sand, very fine to fine

grained..... ..t ittt ittt ettt i 305.0
Sand to sandstone, pale yellow, very fine

to fine grained, slightly to moderately

Clayey.ieeerreertrnnncne ce s sasessceransasnanas 320.0
Sandstone, light yellowish brown, very fine

to fine grained, slightly clayey, slightly

calcareous..... e et eeeet e eans s .. 340.0
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90.0

100.0
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180.0
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345.0



Test hole 4-GT-80 continued
Depth, in feet

From To

Cretaceous System - Upper Cretaceous Series - Montana Group
Pierre Formation:
Shale, yellowish red, weathered............... 345.0 -~ 360.0
Shale, olive yellow, weathered......¢.eccec0.. 360.0 - 365.0
Shale, olive yellow to olive gray to dark
olive, weathered.....ceeeeeeeosscssaacseesss 365.0 =~ 370.0
Shale, olive yellow to dark olive gray to
very dark gray, slightly weathered.......... 370.0 - 390.0
Shale, dark 0livVe gray..sceesececesccssscessscss 390.0 - 400.0
Shale, dark olive gray with yellowish brown,
soft to slightly fissile........ccceeveee... 400.0 =~ 426.0
Shale, olive with traces of medium to dark
gray, soft to slightly fissile.............. 426.0 - 438.0
Shale, dark olive gray to dark gray........... 438.0 - 445.0
Shale, dark olive gray with light oclive brown,
slightly fissile....veceeeeeecancanssacsoes. 445.0 - 488.0
shale, dark gray with traces of light olive
DY OWN . e eevvecscosescaescscsccasasasasnssassesses 488.0 - 503.0
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Ground-level elevation:

Test Hole 5-GT-80

Location: Wayne County, SE SW NE sec. 14, T. 26 N.,

R. 3 E.,

approximately 525 feet north of half section line
and 1,304 feet east of half section line.

Total depth: 504.0 feet.

Description

Quaternary System:

Topsoil, dark yellowish brown, very silty;
contains abundant organic material..........
Silt, yellowish brown, very slightly clayey...
Silt, yellowish brown with light reddish
tint, moderately clayey........coviiveen..
Silt, yellowish brown with red iron staining,
moderately to very clayey..........ccv ..
Silt, brown with reddish tint, moderately
TO Very Clayey. . v it iiiit ittt eeeie e
Silt, light brownish gray, very clayey........
Silt, light brownish gray, slightly sandy,
moderately to very clayey...................
Sand, light yellowish brown, coarse grained
with traces of medium.......................
Clay, light yellowish brown, slightly to very
L o L
Sand, light yellowish brown, coarse grained
with traces of medium and very coarse.......
Clay, light yellowish brown, slightly to
VETY SANAY .« i i vt ittt ettt e te e et
Sand, light yellowish brown, coarse grained
with traces of medium and very coarse to
gravel, fine........ ...t i e
Sand, light yellowish brown, fine grained
with traces of medium to coarse, moderately
tO VEIY Clayey. .ottt it te s ettt eiineeneas
Silt, light gray to light olive gray,
moderately clayey, soft.......... ... ... . .....
Silt, gray, moderately clayey, soft..,.........
Silt, gray, very Clayey....ceeeeeueenenonnnnn,
Sand, greenish gray, medium to coarse grained
with traces of very coarse..................
Sand, greenish gray, very coarse with traces
of gravel, fine............ ... ...,
Sand, greenish gray, medium to very coarse
grained with traces of gravel, fine.........
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Started: June 10, 1980. Completed: June 11, 1980.

1,498.0 feet above mean sea level.

Depth, in feet
From To
0.0 - 1.0
1.0 - 20.0
20.0 - 37.0
37.0 - 50.0
50.0 - 74.0
74.0 - 80.0
80.0 - 82.0
82.0 - 85.0
85.0 - 86.0
86.0 - 88.0
88.0 - 89.0
89.0 - 99.0
99.0 - 103.0
103.0 - 113.0
113.0 - 152.0
152.0 - 158.0
158.0 - 162.0
162.0 -~ 165.0
165.0 - 178.0



Test hole 5-GT-80 continued

Depth, in feet
From To
Sand, greenish gray, coarse to very coarse
grained with traces of gravel, fine to
medium. .. ... ittt et e e e e 178.0 - 181.
Sand, greenish gray, fine to medium grained.... 181.0 - 186.
Cretaceous System - Upper Cretaceous Series - Colorado Group:
Carlile Formation:
Shale, dark gray, soft, top 4.0 weathered...... 186.0 - 250.
Shale, dark gray, soft; contains very
thinly bedded limestones, light tan, very
finely crystalline..........ciiiiiiiinnrennn 250.5 - 265.
Shale, dark gray, soft; contains very thinly
bedded limestones, dark gray, very finely
crystalline. .. ... ..ttt ittt 265.0 - 300.
Shale, dark gray, soft, limy; contains
sand, very fine grained, at 317.0-318.0...... 300.0 - 320.
Shale, dark gray, soft; contains very thin
sandy interbeds, sand very fine.............. 320.0 - 370.
Greenhorn Formation:
Limestone, dark grayish brown, very finely
to finely crystalline, impure; contains
pelecypods and crystalline calcite in
part; slightly to moderately shaley lower
£ 2 370.5 - 392,
Graneros Formation:
Shale, dark gray, soft, slightly limy.......... 392.5 - 405.
Shale, dark gray, soft, slightly to
moderately limy at 420.0-425.5............... 405.0 - 425.
Limestone, dark olive gray, finely
crystalline, impure; contains pyrite......... 425.5 - 426.
Shale, dark gray soft, limy..........c.vc.v. ... 426.0 - 429,
Limestone, dark olive gray, finely ,
crystalline, impure; contains pelecypods..... 429.0 - 430,
Shale, dark gray, soft, limy................... 430.0 - 431.
Limestone, dark olive gray, finely '
crystalline, impure.........c.cci ittt 431.5 - 433.
Shale, dark gray, soft, limy................... 433.0 - 440.
Shale, dark gray, soft, very slightly
to slightly 1imy...... ..ttt i ineen. 440.0 - 451.
Lower Cretaceous Series - Dakota Group, Undifferentiated:
Sand, dark olive gray, very fine grained,
very shaley.......c. ittt it eeiennnnnens 451.0 - 460.
Sandstone, dark olive gray, very fine to
fine grained, very shaley..........cccc....... 460.0 - 465.
Shale, dark olive gray, slightly to
moderately sandy, sand very fine grained,
very sandy at 473.0-475.0; limy at 471.0-
471.5, 477.0-477.1, and 477.5-477.6.......... 465.0 - 480.
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Test hole 5-GT-80 continued

Sandstone, dark grayish brown, very fine
grained, shaley; very tightly cemented
at 491.0-492.0. ... .0ttt etveonccnsescnscnnnss
Shale, dark olive gray, soft; contains
sand to sandstone, very fine grained, at
498.0-502.5. ..ttt cterscrcarascssscanaanns
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Depth, in feet
From To
480.0 - 493.0
493.0 - 504.0



Test Hole 6-GT-80

Location: Burt County, NE SW NE sec. 6, T. 21 N., R. 9 E.,

approximately 1740 feet south of north section 1line,

and 1230 feet east of west section line.
Ground-level elevation: 1,376.0 feet above mean sea level.
Started: June 16, 1980, Completed: June 17, 1980.

Total depth: 504.0 feet.

Description Depth, in feet
From To
Quaternary System:

Topsoil, very dark grayish brown, very silty,

very clayey; contains organic material...... 0.0 - 0.5
Silt, brown, moderately clayey......ecc.... “e 0.5 - 6.0
Silt, light olive brown, slightly to

moderately Clayey..uioiierteeeeeencrenennnenas 6.0 - 25,0
Silt, light olive brown, very slightly

sandy, moderately to very clayey;

becoming olive brown lower 7.0.............. 26.0 - 37.0
Silt, light olive brown, moderately

calcareous, slightly to moderately clayey... 37.0 - 50.0
Silt, light yellowish brown, moderately

calcareous, very slightly sandy.....cccvevn.. 50.0 - 65,0
Silt, medium to dark grayish brown, slightly

to moderately sandy, moderately clayey...... 65.0 - 75.0
Silt, light yellowish brown, slightly sandy,

slightly Clay ey . iviieriettitseerntenscessnonesoa 75.0 - 98.0
Silt, 1light olive brown with medium to dark

gray, very slightly sandy, slightly clayey.. 98.0 - 114.0
Silt, dark gray, slightly sandy, slightly

clayey............................... ees.. 114.0 - 120.0
Silt, light yellowish brown with dark gray,

very slightly sandy, slightly clayey........ 120.0 - 123.0
Sand and gravel, dark gray, sand medium to

very coarse grained, gravel fine to medium,

Clayey..ioereeeeitissesocensosssseesnsenenseas 123.0 - 135.0
Sand and gravel, grayish brown to dark gray,

sand medium to very coarse grained,

gravel fine, clayey....cveeiereenrsccannnn .. 135.0 - 145.0
Clay, grayish brown, moderately sandy......... 145.0 - 152.0
Sand, olive gray, very fine to medium grained,

very slightly clayey......ceivvvvennncensces. 152,00 -~ 155,0
Sand and gravel, olive gray, sand very fine

to very coarse grained, gravel fine, much

greater sand fraction 162,0-165.0........... 155.0 - 183.0
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Test hole 6-GT-80 continued
Depth, in feet

i From To

t Sand and gravel, light olive brown, sand
. medium to very coarse grained, gravel
fine to medium; contains iron staining.... 183.0 - 190,
Sand and gravel, olive gray to yellowish
bt brown, sand fine to very coarse grained,

. gravel very fine tomedium................ 190.0 - 195.
E Silt, light gray, soft, slightly clayey..... 195.0 - 215.
§ Silt, light and dark gray, soft to hard and
i moderately Clayey.....eeeeennoenneennenens 215.0 - 250.
5 Silt, varicolored, light gray to dark gray
; to light pinkish gray, slightly clayey.... 250.0 - 255.
’ Silt, light pinkish gray, clayey............ 255.0 - 258.
i Silt, light gray with traces of black,
E slightly clayey; contains sand, very fine
: grained, from 262.0-265.0................. 258.0 - 280.
: Silt, light pinkish gray with traces of
black, slightly clayey......covvveeee.. 280.0 - 283.
Silt, light gray with traces of black,
moderately clayey... ..o v ettt anannn 283.0 - 290.
Silt, light olive gray with traces of
black, slightly clayey....... e e e e 290.0 - 300.
: Silt, pale brown with traces of black,
; slightly calcareous and clayey............ 300.0 - 305.
% Silt, pale reddish brown with traces of
! black, becoming light reddish brown below
5 306.0. .00ttt teesstnscnsssenocnnaanan 305.0 - 308.
i Silt, pale olive with traces of black, limy
b at 312,0-313.0, slightly clayey........... 308.0 - 313.
i Silt, light gray with traces of black,
; slightly clayey... .ottt ieeeennn 313.0 - 322.
3 Silt, light reddish gray with traces of
: black, Clayey. .. ..ottt etesoeeasesnaans 322.0 - 330.
; Silt, light gray with traces of black,
g slightly clayey.......... ottt 330.0 - 339.
i Silt, light gray mottled with dark gray and
x light yellowish gray, clayey.............. 339.0 - 343.
; Silt, light gray mottled with dark gray,
g Clayey. . ittt ittt ittt i i i i e 343.0 - 344.
Cretaceous System - Lower Cretaceous Series - Dakota Group,
Undifferentiated:
Sand, light brownish gray, very fine to
fine grained, slightly shaley............. 344.0 - 360.

Sand, light brownish gray, very fine to
fine grained with traces of medium, very
slightly shaley; contains shale, light
gray mottled with dark grayish brown, at
373.0-373.5. ..ttt s 344.0 - 420.
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Test hole 6-GT-80 continued
Depth, in feet

From To
Sand, light grayish brown, fine grained with
traces of very fine and medium, slightly to
moderately shaley, shale varicolored light
and dark gray and reddish brown............. 420.0 - 462.0

Pennsylvanian System - Des Moines Series - Marmaton Group,
Undifferentiated:
Shale, light gray mottled with red and very
dark gray, sandy; contains traces of olive

shale lower 8.0... .. iceetiniecrnncsnsncnncsns 462.0 - 478.0
Shale, light reddish gray mottled with

light and dark gray, sandy.......occcveuoee. 478.0 - 480.0
Shale, light reddish brown interbedded with

very dark gray, sandy....... ceesssasassesees 480,0 - 485.0
Shale, light olive brown interbedded with

very dark gray, sandy......ce0e000000000.... 485.0 - 487.0
Shale, light brownish gray to light gray...... 487.0 - 492.0
Shale, reddish brown mottled with light gray,

=31 + Lo 5. ceees 492.0 - 495.0
Shale, yellowish brown w1th reddlsh tint

SANAdY ..o eeent s srecanon citeeecsrssenscasees 495.0 - 497.0
Shale, brown to graylsh brown........ ciessss 497.0 - 500.0
Shale, yellowish red mottled with llght gray 500.0 - 504.0
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Test Hole 7-GT-80

Location: Dodge County, SW NW NW sec. 32, T. 18 N., R. 8 E.,
approximately 1,210 feet south of north section 1line
and 445 feet east of west section 1line.

Ground-1level elevation: 1,218 feet above mean sea level.

Started: June 18, 1980. Completed: June 20, 1980.

Total depth: 503.0 feet.

Description Depth, in feet

From - To

Quaternary System:
Topsoil, very dark brown, very silty, very

slightly clayey; contains organic material... 0.0 - 2
Silt, dark brown, slightly to moderately

Lo 8= 7 = 2.0 - 5
Silt, yellowish brown, moderately clayey....... 5.0 - 9
Silt, yellowish brown, very clayey, very

slightly sandy.........ciiie it nnneeeeennn 9.0 - 18
Sand, grayish brown, fine grained with traces

of very fine and medium, slightly clayey..... 18.0 - 24,
Sand, grayish brown, coarse to very coarse

grained with traces of fine and medium....... 24.0 - 31.
Silt, light yellowish brown.................... 31.0 - 49
Silt, dark gray to dark grayish

|0 o4« NN 49.0 - 59
Sand, grayish brown, fine grained with traces

of very fine; contains coal fragments

B9.0-69. 1. .. . . . i e i e e e e 59.0 - 69.
Silt, light brownish gray, moderately clayey... 69.1 - 75.
Silt, grayish brown, slightly to moderately

clayey, light gray below 83.0................ 75.0 - 84
Sand, grayish brown, very fine to fine grained;

contains reworked shale fragments............ 84.0 - 85
Silt, grayish brown, slightly to moderately

clayey; contains reworked shale fragments.... 85.0 - 89.
Silt, light gray to gray, slightly to

moderately clayey; contains reworked shale... 89.0 -~ 93

Cretaceous System - Lower Cretaceous Series - Dakota Group,
Undifferentiated:

Shale, light yellowish brown................... 93.0 -~ 95,
Shale, light gray........cuiuiiiiiiieeennn. 95.0 - 105.
Shale, grayish brown............c.iiiiiineeeenn. 105.0 - 114.
Shale, light gray to white..................... 114.0 - 119.
Shale, reddish brown............c.iuieiiirinnnnnn 119.0 - 121.
Shale, grayish brown..............c.cuii e, 121.0 - 122,
Shale, Bray.....u.uieee ettt eeiinnnneneeeeneennn 122.0 - 128.
Shale, light gray to gray........coeveeeuunnn. 128.0 - 134.
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Test hole 7-GT-80 continued

Depth, in feet
From To
Shale, gray, slightly sandy, sand very fine
grained; interbedded with sand, slightly
shaley, at 134.5-136.5...... .0t iieennnenen. 134.0 - 140.
Sand, gray, very fine grained, slightly
Shaley. ...ttt it ittt ittt etensneaneenneans 140.0 - 142,
Shale, gray, slightly sandy, sand very fine
Brained. .. ... i ittt it i i e ettt e e e 142.0 - 143,
Sand, gray, very fine grained, slightly shaley. 143.0 - 146.
Shale, gray, slightly sandy, sand very fine
grained; interbedded with sand, very fine
grained. .. ... ...l e et e e e e, 146.0 -~ 171.
Sand, pale brown, very fine grained, moderately
Bhaley. .ottt e e e e e e 171.0 - 180.
Shale, gray, very slightly sandy............... 180.5 - 182.
Sand, pale brown, very fine grained, very
slightly micaceous.........uuiiirnnnneeneenn. 182.0 - 186.
Shale, gray, very slightly sandy............... 186.0 - 188.
Sand, pale brown, very fine grained, very
slightly micacCeousS. .. ...ttt iv it tnesnen 188.0 - 189,
Shale, very light gray.......... i, 189.0 - 192,
Shale, light reddish gray.................0.... 192.5 - 193.
Shale, reddish brown............. .0ttt ennee.. 193.5 - 194.
Shale, light gray........ .0t rnnennn 194.5 - 197.
Shale, reddish brown...........c. ittt 197.0 - 202.
Shale, very light gray with traces of reddish
o o ) L 202.0 - 203.
Shale, yellowish red with light gray inter-
bedded........ e e e e e e e et e e 203.5 - 206.
Shale, light brownish gray..................... 206.0 - 208.
Shale, grayish brown to light grayish brown;
contains thin sandy interbeds 220.0-245.0.... 208.0 - 248.
Shale, very light gray to white................ 248.0 - 248.
Shale, weak red....... ...ttt innernnnnnn. 248.5 -~ 251.
Shale, brown.......... ittt tennnennenns 251.0 - 252.
Shale, light olive brown............ ... 252.0 - 254.
Shale, gray mottled with weak red.............. 254.0 - 255,
Shale, light yellowish brown................... 255.0 -~ 256.
Sand, light yellowish brown, very fine grained,
moderately shaley......coiii ittt eneennn 256.5 - 258.
Sand, gray, very fine grained, moderately
Shaley. ..ottt ittt ettt e e 258.0 - 267.
Sand, light brownish gray, very fine grained,
moderately shaley.........ciiiieiinnnnenn, 267.0 - 270.
Shale, gray, slightly sandy; contains thin
sandy interbeds, sand very fine.............. 270.0 - 275.
Shale, brown, very slightly sandy; contains
thin sandy interbeds, sand very fine......... 275.0 - 279.
Shale, light gray, very slightly sandy;
contains thin sandy interbeds, sand very
i 5 5 279.0 -~ 291.
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Test hole 7-GT-80 continued
Depth, in feet

From To

Shale, reddish brown, very slightly sandy;

contains thin sandy interbeds, sand very

3 15 ¢ ¥ 291.0 - 299.
Shale, yellowish brown, very slightly sandy;

contains thin sandy interbeds, sand very

e 10 ¢ 1 T 299.0 - 306.
Shale, yellowish red, very slightly sandy;

contains thin sandy interbeds, sand very

B 0 15 ¢ (O 306.0 - 309,
Shale, strong brown to brown, very slightly

sandy; contains thin sandy interbeds, sand

very fine. ... .. .. i e e e e 309.0 - 315.
Shale, yellowish brown with olive tint, very

slightly sandy; contains thin sandy inter-

=T = 315.0 - 316.
Shale, light olive brown, very slightly
sandy; contains thin sandy interbeds......... 316.0 - 316.
Shale, very light gray, very slightly sandy;
contains thin sandy interbeds................ 316.5 - 318.
Shale, gray to dark gray, very slightly
sandy; contains thin sandy interbeds......... 318.0 - 326.
Shale, mottled pale brown, very clayey......... 326.0 - 330.
Shale, grayish brown............ .. 330.0 - 337.
Shale, light olive brown............. ... 337.0 - 343.
Shale, gray mottled with grayish brown....... .. 343.0 - 347.
Pennsylvanian System - Missouri Series - Kansas City Group:
Lane Formation: :
Shale, greenish gray, very slightly limy....... 347.0 - 350.

Iola Formation:
Limestone, light brownish gray, very finely
to finely crystalline; contains Osagia and
algal material in part, slightly shaley...... 350.0 - 352.
Limestone, light gray, very finely to finely
crystalline; contains crinoids, fusulinids,

and bryozoans; very shaley lower 1.0......... 352.0 - 357.
Chanute Formation:

Shale, black, soft.........c.ci e 357.5 - 358.

Shale, greenish gray.........¢c.iiiiiiiinnnnn. 358.5 - 363.

Drum Formation:

Limestone, pale brown, very finely to finely

crystalline; contains algal material and

Osagia in part, becoming abundant lower 0.5.. 363.0 - 364.
Limestone, pale brown, finely to irregularly

crystalline; contains abundant algal

material and traces of glauconite; shaley

lower Z2.0. . ..ttt it et e i e 364.8 - 372.
Limestone, pale brown, finely crystalline;

contains abundant algal material, traces of

pyrite, fusulinids; very shaley.............. 372.0 -~ 373.
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Test hole 7-GT-80 continued
Depth, in feet

From To

Quivira Formation:
Shale, greenish gray, moderately to very limy.. 373.0 - 376.0
Sarpy Formation:
Westerville Member:
Limestone, light tannish gray, irregularly
crystalline; contains fusulinids; very

Shaley. v ittt ittt ettt et 376.0 - 377.8
Shale, greenish gray.........ouetiitneenneennns 377.8 - 379.0
Limestone, light tannish gray,; irregularly

crystalline, soft; contains abundant algal

material, OsSagia........ooi ittt iennneenenn 379.0 - 379.3
Limestone, light tannish gray, irregularly

crystalline; contains pyrite; shaley......... 379.3 -~ 380.0
Limestone, light tannish gray, irregularly

crystalline, very shaley, shale varicolored.. 380.0 - 384.5

Wea Member: '
Shale, black, fissile; contains carbonaceous
material.. . ...ttt iiieieeeneraneneeanenas 384.5 - 387.0
Fontana Formation:
Shale, dark gray to dark greenish gray......... 387.0 - 397.0

Dennis Formation:
Winterset Member:
Limestone, light gray to cream, very finely
crystalline; contains abundant algal
material, Osagia, pseudo-oolites............. 397.0 - 400.0
Limestone, light greenish gray, very finely
to finely crystalline; contains traces
of algal material, pyrite; very shaley

401.3-401.7 ... ittt ittt ettt e e 400.0 - 405.5
Shale, gray, moderately to very limy........... 405.5 - 409.0
Shale, gray, slightly limy................c.... 409.0 - 413.0
Limestone, light tannish gray, very finely

to finely crystalline, very shaley........... 413.0 - 416.0
Limestone, very dark gray, very finely to

finely crystalline; contains crinoids,

pyrite; shaley at 417.0-418.5................ 416.0 - 419.5

Wea Member:
Shale, gray, L1imy........ceouettitieenneennnennnn 419.5 - 422.0
Shale, black, fissile........... ... 422.0 - 423.0
Block Member: ‘
Shale, medium to dark gray; interbedded with
limestone, bluish gray, very finely
crystalline........ ...ttt ittt tnnrnannn 423.0 - 427.6
Galesburg Formation:
Shale, dark gray........oi ittt eneeonnnenenens 427.6 - 431.2
Swope Formation:
Bethany Falls Member:
Limestone, light gray to light greenish gray,
very finely to finely crystalline; contains
ostracods; shaley upper 0.5......... ... ... 431.2 - 434.0
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Test hole 7-GT-80 continued
Depth, in feet

From To

Shale, gray; interbedded with thin limy

zones at 434.5, 434.6, 436.0, and 438.0,

very limy at 438 S5- 439 Tttt i et e i 434.0 - 439.7
Limestone, light brownish gray, very finely

to finely crystalline; contains ostracods... 439.7 - 447.0

Hushpuckney Member:
Shale, black,fissile...... Ceerscersrssenesaeas 447 .0 - 447.5
Ladore Formation:
Shale, gray, slightly limy......c00teeieennn. 447.5 - 451.0
Hertha Formation:

Limestone, light brownish gray, very finely

crystalline, silty.......... fhetaa e et e 451.0 - 456.8

Des Moines Series - Marmaton Group, Undifferentiated:

Shale, pale brown, very slightly limy......... 456.8 - 458.0
Shale, dark brown.........coeeieeieinenrennnees 458.0 - 460.0
Shale, grayish brown, very sllghtly limy. . 460.0 - 462.0
Shale, dark brown, slightly limy............ .. 462.0 - 463.0
Shale, grayish brown, slightly limy ........... 463.0 - 465.0
Shale, reddish brown, limy................. «.. 465.0 - 476.0
Limestone, light gray, slightly shaley....... . 476.0 - 478.5
Shale, light gray, limy.......cciiieeeeen.n. 478.5 - 479.6
Shale dark gray..... ceeecsevesesanassassensaes. 479,686 - 481.5
Shale, gray to light brownish gray; contalns

limy zZones, more limy lower 1.5............. 481.5 - 488.0
Limestone, light bluish gray, finely crystal-

line, hard....... Cereeertesrsssesansenansaa .. 488.0 - 490.0
Shale, dark reddish brown; contains

scattered limy zones.......c00c... cee e 490.0 - 494.5
Limestone, light gray, slightly shaley ....... . 494.5 - 495.5
Limestone, light gray, slightly to moderately

shaley.....coeeseeeeaes e eeesesesaset e et aen e 495.5 - 497.5
Shale, dark reddish brown, limy............... 497.5 - 501.0

Limestone, light gray, very finely crystal—

- line; contains abundant algal material,

pseudo-oolites, and Osagia...... ceee e 501.0 - 502.5
Shale, dark gray to dark greenish gray, limy.. 502.5 - 503.0
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Test Hole 8-GT-80

Location: Lancaster County, SE corner SW SE SW sec. 22, T. 8N.,
R. 8E., approximately 135 feet north of south section
line and 725 feet west of half section line.

Ground-level elevation: 1,342 feet above mean sea level.

Started: June 30, 1980. Completed: July 3, 1980.

Total depth: 503.0 feet.

Description Depth, in feet

From To

Quaternary System:
Topsoil, very dark brown, very silty,
moderately clayey; contains organic

material....ciiieeeecciacccescsanesncncsccnns 0.0 - 3.0
Silt, light brownish gray, moderately clayey. 3.0 - 7.0
Silt, dark reddish gray, moderately clayey... 7.0 - 12.0
Silt, light yellowish brown, moderately

clayey, very slightly to slightly sandy;

contains yellow iron staining upper 3.0.... 12.0 - 28.0
Silt, light olive brown; contains silt, dark

gray, clayey; slightly sandy lower 5.0..... 28.0 - 40.0
Silt, dark gray, clayey, slightly sandy...... 40.0 - 50.0

Silt, dark gray, clayey; contains traces

of medium to coarse sand and fine gravel,

coarsening lower 19.0...cccececcesccconanss 50.0 - 79.0
Sand and gravel, dark gray, sand fine to very

coarse grained, gravel fine; contains _

shale, reworked,and limestone, reworked.... 79.0 =~ 130.5

Permian System - Big Blue Series - Council Grove Group:
Red Eagle Formation:
Howe Member: :
Limestone, grayish brown with olive tint, :
very finely crystalline; contains pyrite... 130.5 - 132.5
Limestone, pale yellow, very finely
crystalline; interbedded with shale, pale
OlivVe..coeeeessocsoanasconsossessassassncnsse 132.5 - 137.0
Limestone, pale olive, finely crystalline,
Siltyeeeeeececacerenccastcsneccsncnnnnseanas 137.0 - 139.5
Bennett Member:
Shale, dark gray, limy...c.ceceececcococnanns 139.5 - 140.0
Shale, black, fissile.eeceeeeaeeseerenconnesns 140.0 -~ 142.5
Glenrock Member:
Limestone, dark gray, very finely
crystalline; contains pelecypods and
fusulinids...cceeeeeerecccessnsersnconannas 142.5 - 144.0
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Test hole 8-GT-80 continued

Johnson Formation:

Shale,

gray to greenish gray, moderately to

Depth,

in

feet

From

Very limy....'.......Q...'I.....C.....DO'... 144.0
Foraker Formation:
Long Creek Member:

Shale,

gray to greenish gray with traces of

reddish brown; interbedded with limestone,

very light olive brown, finely crystalline,

Shaley..ceeeevecevecescsccasscsassoacsnssnsesss 154.0
Limestone, light greenish gray, finely

crystalline, very silty..ceececeeccsseseesss 160.0
Bughes Creek Member:
Shale, dark gray, very limy at 162.0-164.5.... 162.0

Shale,

dark gray; interbedded with lime-

stone, dark gray, finely crystalline;
contains crinoids, brachiopods, at 177.6-
178.00ceieeecceccsecesccossscsansaasssaasassecas 170.0
Shale, gray, contains brachiopod spines....... 180.0
Shale, black, fiSSil€.sceeeeeceeseescceacneeaess 185.0
Limestone, gray, finely crystalline; contains
brachiopods, pyrite, glauconite; inter-
bedded with shale, gray..cecccecceccccesaseess 186.5
Shale, gray, limMY..cccecseoscocoscsscccssssceasss 190.0
Americus Member:

Shale,

dark gray, interbedded with lime-

stone at 198.5-199.5 and 201.0-202.3
{(taken from E~10g).ccceeccccrsessscsccsssaass 198.5

Admire Group, Undifferentiated:
Shale, dark gray, intermittantly limy......... 202.3
Shale, very dark gray; contains brachiopods... 209.5
Limestone, light to medium gray, very

finely crystalline; contains crinoids,
algal material; shaley...cccceececasccessces. 214.5
greenish gray; interbedded with lime-
stone, light greenish gray, finely crystal-
line; contains brachiopods, pyrite.......... 21€.0
Shale, pale red mottled with greenish gray.... 218.0

Shale,

Shale,
Shale,
Shale,

with

very
Shale,
Shale,
Shale,
Shale,
Shale,
Shale,

greenish gray...ceeeecsccecaccessces
reddish brown....ceeeeeeecesccsccscns
gray with greenish tint; interbedded
thin limestcnes, light tannish gray,
finely crystalline.....cceecevcececs
gray, slightly to moderately limy...

e & ® 220.0
- ® 0 226.0

LI 228'0
.. 235.0

dark gray, slightly to moderately limy. 240.0

light gray with greenish tint.......
dark gray with reddish tint.........
very light gray, limy....coceeeencns
gray to dark gray....eeeeeeeccecesss
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... 249.0
.eo 254.0
... 255.0
«e. 257.0

To

154.0

160.0
162.0

170.0

180.0
185.0
186.5

190.0
198.5

202.3

209.5
214.5

216.0

218.0
220.0
226.0
228.0

235.0
240.0
249.0
254.0
255.0
257.0
260.0



i
i
i
|
H
.
&
j
‘

Test hole 8-GT-80 continued

Depth, in feet
From To
Shale, gray to dark gray, limy..ceceeeceevscces 260.0 - 266.0
Shale, reddish brown, very limy at 271.0-
276.0.ceeeececneosancncasascesssnnscsscenses 266.0 =~ 276.0
Shale, reddish browl....cceeecessconncceaceess 276.0 =~ 280.0
Shale, dark gray..ccscecececssssscseccessssasncscecsss 280.0 - 285.0
Pennsylvanian System - Virgil Series - Wabaunsee Group:
Wood Siding - Willard Formations:
Shale, dark gray:; interbedded with limestone,
dark gray, finely crystalline.......eceec... 285.0 - 291.0
Shale, reddish brown.....ecceececceccecaceeass 291.0 = 293.0
Shale, light gray with greenish tint, limy.... 293.0 - 300.0
Shale, dark gray mottled with yellowish
brown; interbedded with limestones, dark
gray, finely crystalline; shaley lower
6.0ccceceeeeeoeececcccncscsacsossasseassesssas 300.0 - 310.0
Shale, dark gray...coecesceescscscccoasscssscses 310.0 -~ 315.0
Shale, dark gray with reddish mottling........ 315.0 - 319.0
Shale, reddish broWn.....ceetecececsccceccnnns 319.0 -~ 325.0
Shale, olive; contains coal, 325.0-325.5...... 325.0 - 330.0
Shale, dark gray..sececesscccsceccesnaccasesnes 330.0 - 350.0
Shale, dark gray; contains sandstone,
medium gray, very fine grained.............. 350.0 - 355.0
Shale, dark gray; contains shale, black,
lower 1.0....ccccveeevecaccccsconnnsessnanaae 355.0 - 362.0
Shale, medium to dark gray, moderately limy
at 385.5-387.0..ccccttcenccrcnccncnescasaeacas 362.0 - 390.5
Shale, dark grayish brown with olive tint,
limy at 390.5-390.8...c.0cccerscecnnsesnsaass 390.5 - 393.0
Limestone, very light gray to white, finely
crystalline, slightly to moderately
shaley; contains algal material,glauconite.. 393.0 - 394.5
Shale, gray with greenish tint......ccv0000e.. 394.5 - 420.0
Shale, medium to dark gray, very limy
426.0-431.0, very hard 429.0-429.5.......... 420.0 - 431.0
Shale, medium tc dark gray, very limy......... 431.0 - 436.2
Emporia Formation:
Elmont Member:
Limestone, very light tannish gray, finely
crystalline; contains brachiopods........... 436.2 =~ 438.5
Harveyville Member:
Shale, medium to dark grayeeceeeeeceescseeeees. 438.5 =~ 440.0
Reading Member:
Limestone, very light tannish gray, very
finely crystalline, slightly shaley;
contains brachiopods, gastropods, crinoids.. 440.0 - 443.0
Limestone, grayish brown, very finely
crystalline, slightly shaley in part;
contains brachiopod, glauconite............. 443.0 - 448.,5
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Test hole 8-GT-80 continued

Depth, in feet
From To
Auburn Formation:
Shale, reddish brown, mottled with olive,
hard at 451.0 and 453.5 to 454.2; more
Oolive at bas€..cccceeceeocecscccccansancesas 448.5 - 454.2
Shale, dark gray....c.ceeocesceccesccccaccscess 454.2 ~ 467.0
Shale, dark gray; contains thin limy inter-
beds....cieiiiieeiieeeeteonsaersasccnscecacas 467.0 -~ 476.0
Wakarusa Formation:
Limestone, gray,finely crystalline; contains
brachiopods; slightly shaley at 478.2-
478.8B.cieciiecnercccnsesacsssnsessssssccscssna 476.0 =~ 479.4
Soldier Creek Formation:
Shale, medium to dark grayeecesceceseesececeee 479.4 -~ 490.2
Burlingame Formation:
South Fork Member:
Limestone, light gray, very finely to
finely crystalline; contains pyrite; inter-
bedded with shale, 493.0-494.2.............. 490.2 =~ 495.5
Winnebago Member:
Shale, grayecceceececesecscocsessssonssancsanss 495.5 =~ 497.0
Shale, dark gray....ccceececeecscecencscsseascss 497.0 =~ 502.6
Shale, black, fissile...cveereeeececeanseneses 502.6 = 503.0
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Test Hole 9-GT-80

Location: Dawes County, SE SE SE sec. 2, T. 32 N., R. 51 W.
approximately 75 feet north of south section line
and 242 feet west of east section line.

Ground-level elevation: 3,434.0 feet above mean sea level.

Started: July 15, 1980. Completed: July 16, 1980,

Total depth: 504.0 feet.

>

Description Depth, in feet
From To
Quaternary System:
Sand, brown, very fine to fine grained with
traces of medium. ... ..... ... ... i, 0.0 - 15.
Sand, light yellowish brown, very fine
graimed. . ....... i i e e i e 15.0 - 22.
Sand, light yellowish brown, very fine
grained, moderately clayey.................. 22.0 - 24,
Sand, olive brown, very fine grained,
moderately Clayey. .o vt ieeeeseeeennnnnneen 24.0 - 26,

Sand and gravel, olive brown, sand fine

grained with traces of medium to very

coarse to gravel, fine............ ... ... . ... 26.0 -
Sand and gravel, olive brown, sand medium to

coarse grained with traces of very coarse

to gravel, fine to coarse, rounded.......... 28.0 -

Cretaceous System - Upper Cretaceous Series - Montana Group:
Pierre Formation:
Shale, very dark gray to black, "blocky"...... 31.0 -
Shale, very dark gray to black, moderately
hard; contains thin bentonite seams, 62.0-

slightly hard; contains limestone

concretions 229,0-229.8, 266.0-267.0,

412.3-413.0, 415.0-415.3, limestone dark

olive gray to dark grayish brown, very

finely crystalline; contains cephelopods

153.5, 181.8, 245.0-250.0..........ccccu... 75.0 -
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Test Hole 10-GT-§0

Location: Morrill County, SW corner NW NW NW sec. 6, T. 21N.,

R. 51W., approximately 590 feet south of north

section line and 123 feet east of west section line.

Ground-level elevation: 3,930.0 feet above mean sea level.
Started: July 23, 1980. Completed: July 23, 1980.

Total depth: 500.0 feet.

Description Depth, in

feet

From

Quaternary System:
Silt, brown, contains organic material........ 0.0 -
Silt, pale brown, very slightly clayey........ 3.0
Silt, dark grayish brown, very slightly
ClAYEeYeeoseeenceoasssasasascssanssscsssassanas 1
Silt, light yellowish brown, slightly clayey.. 1

Tertiary System - Oligocene Series -~ White River Group:
Brule Formation:
Whitney Member:
Siltstone to silt, brown, slightly to
moderately clayey; contains traces of
barite, clear to light bluish gray, at
60.0-65.0 and 75.0-80.0; slightly more
micaceous 73.0-76.0.cceececcccosccccsascncas 20.0 -
Siltstone to silt, light yellowish brown,
moderately ClayeyY.ceoececesooccccessnaccnsns 93.0 -
Siltstone, brown, slightly to moderately
silty, slightly to moderately clayey........ 106.0 -
Siltstone to silt, light brown to brown,
moderately clayey: contains barite traces,
160.0-165.0; contains interbedded clay-
stones, brown with reddish tint, 175.0-
180.0.cceeeeccecosseccansocssoncsscsansseassss 135.0 -~
Siltstone to silt, light brown to brown,
moderately clayey; contains traces of
barite...cieceecersccccoscscoscsccnsscnscasneasns 180.0 =~
Orella Member:
Siltstone, light yellowish brown to yellowish
brown, slightly silty, slightly clayey...... 206.0 -
Siltstone to silt, light yellowish brown to
brown, moderately to very clayey; contains
barite traces, 230.0-235.0...ccccceccccese.. 230.0 -
Siltstone to sandstone, light yellowish
brown to brown, sandstone very fine grain-
ed; contains abundant dark minerals......... 265.0 -
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Test hole 10~-GT-80 continued

Depth, in feet

From '22

Silt to siltstone, light yellowish brown to
brown, moderately ClayeYeeeesesorscosasscccesns

Siltstone to silt, light brown to brown
with very slight pinkish tint, moderately
clayey; contains claystones....ccceceeeevcens
Silt to siltstone, light yellowish brown to
brown, moderately clayey;contains traces of
claystones upper 5.0..cccccceenecccccccccesns
Silt to siltstone, light yellowish brown to
brown, moderately clayey; contains silt-
stones, yellowish brown; very slightly
sandy, sand very fine grained........cccc..
€ilt to siltstone to sand to sandstone,
light yellowish brown to brown, sand very
fine grained, moderately clayey; contains
abundant dark mineralsS...cceccececssccccnncss
Silt to siltstone, yellowish brown with

slight pinkish tint, slightly to moderately
clayey, slightly sandy; contains dark
minerals.....l'..‘.....'...'...‘I..O....I...

275.0 - 290.0

290.n - 305.0

305.0 - 340.0

340.0 - 355.0

355.0 - 365.0

Sand, grayish brown, very fine to fine

grained, slightly to moderately clayey;
contains abundant dark minerals......c.ccc..
Silt to siltstone to claystone, yellowish
brown, slightly to moderately clayey........
Silt to siltstone to sand to sandstone, olive
gray, sand very fine to fine grained;
contains siltstone, greenish gray...cceceee.
Siltstone to silt, light yellowish brown

with greenish gray mottling, slightly to
moderately ClayeyY..cesecccscaccssascsscsasonsne

365.0 - 371.0

371.0 - 387.0
387.0 - 389.0

389.0 - 403.0

403.0
Siltstone to silt, greenish gray, modérately
clayeyll......lI...........'...l...........l

- 413.0
413.0 - 418.0
Silt to siltstone, greenish gray with
olive interbedded, mocderately clayey........ 418.0 - 425.0
Silt to siltstone, pale brown with very
slight olive tint; interbedded with silt to
siltstone, greenish gray..ccecceeeeeeceesce. 425.0 - 440.0
Siltstone to silt, grayish brown with olive
tint, slightly to moderately clayey......... 440.0 - 449.0
Silt to siltstone, pale brown, moderately
ClayeVeeeecoseoscssssscosscsnssscssncseseacesss 449.0 - 457.0
Silt to siltstone, light brownish gray with
very slight olive tint, moderately clayey;
contains greenish gray mottling.....c¢cce..... 457.0 - 489.0
Silt to siltstone, pale brown, slightly to
moderately ClayeY.coeceesoosccsccssssscsnssses. 489,0 - 494.0
Silt to siltstone, light brownish gray with
very slight olive tint, slightly to moder-
ately clayey; contains greenish gray
MOttling..ceeceeecsnsoscocsocassnsccccsseaeccas 494,0 - 500.0

196




Test Hole 11-GT-80

Location: Cheyenne County, SE SE SE sec. 33, T. 14 N., R. 49 W.,
approximately 56 feet north of south section line,
and 71 feet west of east section line.
Ground-level elevation: 4,064.0 feet above mean sea level.
Started: July 17, 1980. Completed: July 17, 1980.

Total depth: 600.0 feet.

Description Depth, in feet

From To

Quaternary System:

Sand and gravel, dark grayish brown, sand

medium to coarse with small fraction very

coarse, gravel fine; contains abundant

feldspars; contains organic material;

becoming dark brown with less organic

material lower 6.0..ccciececessccnssnnssnnns 0.0 - 8.0
Sand, yellowish brown, fine to medium grained

with small fraction coarse to very coarse;

contains traces of gravel, fine; contains

abundant feldspars, yellowish red to pink

sand, yellowish brown, medium grained with

small fraction fine and coarse to very

coarse; contains gravel, fine; contains

abundant feldspars, yellowish red to pink.. 8.0 - 12.0
Sand, yellowish brown, medium grained with

small fraction fine and coarse to very

coarse; contains gravel, fine; contains

abundant feldspars, yellowish red to pink.. 12.0 - 22,0

Tertiary System - Oligocene Series - White River Group:
Brule Formation:
Siltstone to silt, pinkish brown, slightly

Clayey.eceseeseeececcsccossasoscasssasnassasnas 22.0 - 40.0
Siltstone, pinkish brown, very slightly

ClayeYeeeeceeossoseesocsanonssosscasaccscscces 40.0 - 60.0
Siltstone to silt, pinkish brown, slightly

to moderately ClayeV.ceeeeecescserscoscncoccccseas 60.0 - 145.0
Siltstone, pinkish brown, slightly silty,

Slightly Clayey.ceeereesceoasonscaconcocscns 145.0 - 150.0
Siltstone to silt, pinkish brown, slightly to

moderately Clayey.ceeeceeesecccoscansancssans 150.0 - 233.0

Silt to siltstone, yellowish red, slightly to
mOderately Clayey.-........................ 233.0 _240-0
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Test hole 11-GT-80 continued

Depth, in feet

From To

Silt to siltstone, pinkish brown, slightly

to moderately Clay€yY.esevscecccacccccsacsces 240.0 - 260.0
Silt, light pinkish brown, moderately to very

clayey; contains occasional interbedded

SiltstonesS....ccceeceesenssccanscssnccceseass 260.0 - 367.0
Silt, light yellowish brown with reddish

brown interbedded, moderately to very

clayey; contains silt, olive gray, at

380.0-392.0....000cerenencncncscnsnnaccncess 367.0 = 392.0
Silt, light reddish brown with yellow tint,

very clayey; contains silt, greenish gray,

at 416.0-420.0...cccvevrecccconcascenseneeaes 392.0 - 420.0
Silt, greenish gray, very clayey, contains

interbedded siltstones.......ceceeeceeecec.. 420.0 - 470.0
Silt, light greenish gray, very clayey;

contains interbedded siltstones, greenish

gray..-...-......-..-....................... 470-0 -484.0
Silt, greenish gray, very clayey; contains

interbedded siltstones.....c.cceveeennese... 484.0 - 525.0
Silt to siltstone, greenish gray, moderately

to Very Cclayeyeeceeeseeroeessesesscncncaneses 525.0 = 572.0
Silt, light greenish gray to greenish gray,

moderately to very clayey; contains

interbedded siltstones.......cco0eveeeeecee. 572.0 - 600.0
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Test Hole 12-GT-80

Location: Garden County, SW corner NW SW NW sec. 26, T. 17N.,

R. 45W., approximately 1,900 feet south of north

section line and 98 feet east of west section line.

Ground-level elevation: 3,454.0 feet above mean sea level.
Started: July 20, 1980. Completed: July 20, 1980.

Total depth: 620.0 feet.

Description Depth, in

feet

From

Quaternary System:

Sand, dark grayish brown, fine to medium

grained with traces of sandstone, buff,

very fine grained, reworked,becoming more

prominent 3.0-15.0; contains traces of

organic material, upper 3.0.....cccccevenne 0.0 -
Sand, brown, medium grained with traces of

COALS@.seoesoscvccessoesossscsossasosscsssvsoesassascss 15.0 -
Sand, light yellowish brown to yellowish

brown, medium to coarse grained....c¢ccec0... = 20.0 -
Sand, pale brown, coarse grained with small

fraction medium..cceeeeececcsascscocnsccnsosns 28.0 -
Sand, pale brown, coarse to very coarse

grained, coarsening towards bottom.......... 30.0 -
Sand and gravel, pale brown, sand very

coarse grained, gravel fine; contains

feldSpPaArS.ccceecceccccsscscscscscsccacssanaan 33.0 -~
Gravel and sand, pale brown, gravel fine to

medium, sub—-angular to rounded, sand

very coarse; contains feldspars.....cccce... 38.0 -
Gravel, pale brown, fine to medium sub-

angular to rounded; contains feldspars and

trace of anorthosites; contains small

fraction sand, coarse to very coarse

grained...c.cceecsscsaccasaccsscssaccnsoccnns 42.0 -
Sand, pale brown, medium to coarse grained

with traces of very coarsS€....ccecocooccecece 45.0 -
Sand and gravel, pale brown, sand coarse to

very coarse grained, gravel fine............ 50.0 -~

Tertiary System - Oligocene Series - White River Group:
Brule Formation:
Silt to siltstone, dark yellowish brown,
slightly to moderately clayey....ceeeeeeecee 55.0 -
Siltstone, dark yellowish brown, very slightly
ClayeYevoeeeeesaoeecancsesoscscnssosnnsenoecscns 70.0 -
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é Test hole 12-GT-80 continued
% Depth, in feet
% From To
g Siltstone to silt, light yellowish brown,
k! moderately to very clayey......... Ceeseeanas 72.0 - 90.0
é Silt to siltstone, light brown to brown,
j moderately to very clayey..c.eeeineereonnsenas 90.0 - 100.0
i Siltstone to silt, brown, slightly to
il moderately clayey.e..veenvereeennn. et 100.0 - 135.0
% Silt to siltstone, light brown to brown,
& very slightly to very clayey..eeeeeeeceneens 135.0 - 215.90
1 Siltstone to silt, light brown to brown,
: slightly to moderately clayey; contains
traces of claystone, reddish brown.......... 215.0 -~ 220.0
Siltstone to silt, light brown to brown,
moderately to very Clayey.eeeeeeneeeenensans 220.0 - 230.0
Siltstone, brown, slightly clayey; contains
silts and clay to claystone, reddish brown,. 230.0 - 235.0
Silt to siltstone, light brown to brown,
slightly to very clayey; contains clay-
stone, reddish brown, 275.0-285.0....¢...... 235.0 - 310.0
Siltstone to silt, reddish yellow, moderately
clayey...... e e seseeccessssets e e sueanaeoens 310.0 - 318.0
Siltstone to 51lt light brown to brown,
moderately to very clayey; contains
scattered claystones, reddish brown,
345.0-390.0. cciceereencseerscacssnacacnnsnas 318.0 - 390.0
Siltstone to silt, dull reddlsh vellow,
slightly to moderately clayey; contains
ClaysStONeS. i ieeerserecoanecceoscasocoennnsas ees 390.0 - 397.0
Silt to siltstone, light yellowish brown
with greenish tint, moderately to very
clayey..eeeee. s e et ceere e coeeconans 397.0 - 410.0
Silt to siltstone, pale olive, moderately
Clayeyeeeeerteeeeeanaeasconsceasanooscssanans ... 410.0 - 420.0
Silt to siltstone, light yellowish brown,
moderately to very clayey; greater silt-
stone fraction top 5.0; contains traces
Of MiCA.eeeeeeeeseanonoesscncssancncoscssnas 420.0 - 488.0
Silt, very pale brown, slightly to moderately
clayey; contains claystones........ cetetseas 488.0 - 532.0
Silt, pale olive, very clayey; contains
siltstones....... Cececsenennanse ceeesiccannnn 532.0 - 548.0
Chadron Formation:
Silt, pale olive, bentonitic; contains
Siltstones. ...ttt eicientionrceencnnacnens 548.0 - 570.0
Silt, pale olive, moderately clayey;
contains calcedony, light bluish gray to
white, some reworked.....coieeerereeenencans 570.0 - 585.0
Claystone, light greenish gray....... ceseaea .. 585.0 - 595.0
Clay, reddish brown (poor sample)........ eeeees 595,0 - 605.0
Clay, brownish yellow (poor sample)........... 605.0 - 620.0

%
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Test Hole 13-GT-80

Location: Deuel County, NE corner NE NW SE sec. 26, T. 13 N.,
R. 42 W., approximately 2,660 feet south of north
section line and 1,360 feet west of east section line.
Ground-level elevation: 3,455.0 feet above mean sea level.

Started: July 19, 1980. Completed: July 18, 1980.

Total depth: 520.0 feet.

Description Depth, in feet

From TO

Quaternary System:

Sand, dull reddish brown, medium grained with

traces of fine and coarse to very coarse.... 0.0 - 8.0
Sand and gravel, brown, sand very coarse with

traces of medium to coarse, gravel fine,

with medium to coarse at 8.0-10.0........... 8.0 - 15.0
Gravel, orangish brown, fine with traces of

medium; contains sand, coarse to very

coarse; contains silt, light brown, clayey.. 15.0 =~ 25.90

Tertiary System - Miocene Series - Ogallala Group, Undifferentiated:

Sand and gravel, orangish brown, sand coarse

to very coarse, gravel fine to medium;

contains sandstone interbeds, light pink-

ish brown, very fine to fine grained........ 25.0 - 30.0
Sand, brown, fine grained with traces of

very fine to coarse, moderately clayey

IN PAFt.ic et eeeeectoeccceeeeaannnaconnnnnna 30.0 - 35.0
Sand to sandstone, very pale brown, very fine

to fine grained, very slightly clayey in

Part...ccieecececenanne Crectecssccasesonrannns 35.0 - 38.0
Sand, brown, very fine to fine grained with

small fraction medium to coarse, moderately

Clayey in pPart.....ciceceecteececcssccasonans 38.0 - 55.0
Sand to sandstone, very pale brown to pinkish

brown, very fine to fine grained, slightly

to moderately Clayey..ceeeeeeraesssoanaanannes 55.0 - 75.0
Sandstone, very pale brown, very fine to fine
grained, very slightly to slightly clayey... 75.0 - 91.0

Oligocene Series - White River Group:
Brule Formation:
Sand to sandstone, very pale brown to
brown, very fine to fine grained, slightly
Clayey.ceeeeesveneeeesescnnns s e e ssseceansaena 91.0 -100.0
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Test hole 13-GT-80 continued
Depth, in feet

From To

Silt to siltstone, brown, moderately clayey... 100.0 - 120.0
Silt to siltstone, brown to light brown,

moderately Clayeyeeeeeecesecsscccesonececcnes 120.0 - 135.0
Silt to siltstone, light brown with yellowish

tint, moderately clayey.....cecueeencenes ... 135.0 - 158.0
Silt to siltstone, brown, moderately clavey... 158.0 - 165.0
Silt to 511tstone, yellowish red, moderately

clavey....... Cee s e eneensessesanseensss e 165.0 - 180.0
Silt to siltstone, light yellowish brown with

reddish tint, moderately clayey.....c.ceceen 180.0 - 188.0
Silt to siltstone, light reddish brown,

moderately Clayey..cc eeeeeecsnessasncasacncas 188.0 - 196.0

Siltstone to silt, brown, moderately clayey;

contains siltstones, light olive brown,

at 199.0-202.0..c0ctieeocecccccacsscnnccnncns 196.0 - 202.0
Silt to siltstone, 1lght yellowish brown

with reddish tint, moderately clayey;

contains thinly interbedded brown silt-

SEONES .t eveeverssecencnsasscnsscsncsssssnenscas 202.0 - 225.0
Silt to siltstone, yellowish brown,

moderately Claye@y...cceeeececeeerccccocnscran 225.0 - 242.0
Silt to siltstone, light yellow1sh brown

with reddish tint, moderately clayey........ 242.0 - 255.,0
Silt to siltstone, light yellowish brown,

moderately clayey......... et eseessosssscnses 255.0 - 290.0
Silt to siltstone, light yellowish brown

with reddish tint, moderately to very

Claye Y eeeeesesoesescascsnosassnanassosnnsscsancs 2%0.0 - 300.0
Silt to siltstone, llght yellowish brown,

moderately clayey...... cceceeseccarsessesens 300.0 - 308.0
Silt to siltstone, pale brown to light

yellowish brown, moderately to very clayey.. 308.0 - 340.0
Silt, light yellowish brown, moderately to

very clayey; contains scattered siltstones.. 340.0 - 390.0

Chadron Formation:

Silt, light yellowish brown, moderately to
very clayey; contains "floating" quartz
grains, quartz milky white, rounded
overgrowths, becoming very abundant lower

third......... cdesreceressesesseasesesensen . 390.0 - 452.5
Sand, very light greenish gray, very fine
grained, moderately to very clayeV....eee... 452.5 =~ 455.0

Sand, very light gray to white, medium
grained; interbedded with sand, very fine
grained, very clayey......... e cesessseeneas 455.0 - 456.0
Sand, very light gray to greenish gray, very
fine grained, moderately to very clayey;
contains yellowish orange iron staining in
Part....ciceeiccecee eeecseasesscnsosscscssssss 456.0 - 474.0
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Test hole 13-GT-80 continued
Depth, in feet

From To
Sand, very pale brown, medium to coarse
grained..ceeeeeccececscccecccscccncsconsoas 474.0 - 476.0
Sand, light yellowish brown, medium to
coarse grained......... cecesccecsseenasanns 476.0 - 479.0
Sand, light to pale brown, medium to very
COAYSE.iveeeacasososcsssscossssncnasacsssos .o 479.0 - 480.0

Sand, very pale gray to brown, medium to

coarse grained; contains fine grained

Sandy ClayS..c.eccecscanosensasscssscnccsnas . 480.0 - 485.0
Sand, very pale brown, very fine to fine

grained, slightly to moderately clayey.... 485.0 - 486.0
Sand, yellowish red, medium to coarse

grained with traces of fine.............. . 486.0 - 487.5
Sand, very pale brown, medium to coarse
grained with traces of fine............... 487.5 =~ 488.5

Sand, very pale brown mottled with yellowish
red and brownish yellow, very fine to fine
grained, slightly to moderately clayey:
contains traces of chert, black, rounded;

varicolored at bottom..... ceeseenensaace s 488.5 - 495.0
Silt, olive gray to gray, moderately
clayey; contains reworked shale........... 495.0 - 508.0

Cretaceous System - Upper Cretaceous Series - Montana Group:
Pierre Formation:
Shale, gray to olive, weathered............. 508.0 - 510.0
Shale, dark gray....c.e... cececesecssessseass 510.0 - 520.0
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Appendix 2 - 4

THERMAL GRADIENT - SHALLOW HOLES

Test Hole County Legal Location

Nunber

168-78 Sheridan (Hay Springs) SE,SE, sec. 13, T 30 N, R 46 W
178-78 Sheridan (White Clay) NE,SE, sec. 31, T 33 N, R 45 W
19H-78 Lincoln (Box Elder Can) SW,SW, sec. 36, T 12 N, R 29 W
24H-78 Lincoln (Gothenburg) SE,SE, sec. 36, T 10 N, R 27 W
38-79 Otoe (Union S.) SE,SW, sec. 6, T 9N, R13E
39-79 Cass (Union N.) SW,SW, sec. 2, T 2,N, R13 E
40-79 Richardson (Stella) NE,NW, sec. 34, T 3 N, R 14 E
41-79 Pawnee (Liberty) SW,SW, sec. 31, T 1 N, R 9 E
42-79 Pawnee (Table Rock) SW,SW, sec. 16, T 3 N, R 12 E
18-B-79 Sheridan (Gordon) NW,NE, sec. 24, T 34 N, R 42 W
24-8B-79 Sheridan (Rushville) SW,NW, sec. 1, T30 N, R 42 W
1aGT-80 Boyd (Naper) SE,SW,SE, sec. 24, T 35 N, R 15 W
2GT-80 Keya Paha (Springview)  SW,SW,NW, sec. 32, T 35 N, R 20 W
3GT-80 Cherry (Valentine) NE,SE,SW, sec. 28, T 34 N, R 27 W
4GT-80 Holt (0'Neill) NW,NW,NW, sec. 6, T 28 N, R 11 W
5GT-80 Wayne (Wayne) SE,SW,NE, sec. 14, T 26 N, R 3 E
6GT-80 Burt (Oakland) NE,SW,NE, sec. 6, T21 N, R 9 E
76T-80 Dodge (Fremont) SW,NW,NW, sec. 32, T18 N, R 8 E
8GT-80 Lancaster (Bennet) SW,SE,SW, sec. 22, T 8N, R 8E
9GT-80 Dawes (Whitney) SE,SE,SE, sec. 2, T 32 N, R51 W
10G7-80 Morrill (Bayard) NW ,NW,NW, sec. 6, T 21 N, RSI W
1167-80 Cheyenne (Sidney) SE,SE,SE, sec. 33, T 14 N, R 49 W
12GT-80 Garden (Lisco) NW,SW,NW, sec. 26, T 17 N, R 45 W
13G67-80 Deuel (Big Springs) NE,NW,SE, sec. 26, T 13 N, R 42 W
Baker #1 Keya Paha (Burton-Baker) C,SE,NE, sec. 8, T 34 N, R 19 W
EC #1 Johnson (Elk Creek) NW,SW,SW, sec. 33, T 4 N, R 11 W
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Burton
Cross Ranch
Milldale
Rothwell
Deuel
Sidney
Drever #1
Hagstrom

Van Pelt

Court House Rock

Bridgeport
Scottsbluff

Keya Paha
Arthur
Arthur
Grant
Deuel
Cheyenne
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Kimball
Banner
Morrill
Morrill
Scottsbluff

THERMAL GRADIENT - DEEP HOLES
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Appendix 2-6

Thermal Gradient Values - Shallow Wells
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Number

HFNE1

HFNE2

HFNE3

HFNE4

HFNES

HFNE6

HFNE7

HFNE8S

HFNES

HFNE10
HFNET
HFNE12
HFNE13
HFNE14
HFNE15
HFNE16
HFNE17
HFNE18
HFNE19
HFNE20
HFNE21
HFNE22
HFNE23
HFNE24
HFNE25
HFNE26
HFNE27
HFNE28
HFNE29
HFNE30

Name

Riverdale
Grant
Daykin
P1ymouth
Rising City
Dannebrog
Merna
Alliance
Hemingford
Gurley
Kimbail
Grant
Imperial
Lamar
Champion
Enders
Benkelman
Quick
Mayfield
Wellfleet
Beverly
Hayes Center
Suttlers Canyon
Sutherliand
Farnam
Eustis
Ragan
Minden
Elgin
Brunswick
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Appendix 2 - 6

THERMAL GRADIENT VALUES - SHALLOW WELLS

Location

10N-16W-5DAA
12N-38W-31CCC
4N-1E-31ADD
4N-3E-13DDA
15N-1E-27DDD
14N-11W-22DDD
18N-22W-24CCC
25N-48W-12CCCC
26N-49W-6CCC
16N-49W-19BBB
15N-55W-7ABB
9N-39uW-2D0D
7N-38W-29CBB
7N-41W-11DAA
6N-41W-21CCC
4N-38W-30BCC
2N-38W-10DDDD
6N-29W-32CCC
8N-29W-12BBB
10N-30W-20DDD
4N-32W-6BBC
7N-33W-35DDD
9N-33W-320CD
11N-34W-1CCC
9N-26W~36ADD
6N-24W-23BCB
4N-18W-15AD
6N-15W-34DCC
23N-6W-28DC
27N-5W-17AAA




HFNE1
RIVERDALE» NEERRASKA 10N-16UW-5DAA LOGGED 7-23-78

ELEVATION? 687 M
LATITUDE? 40 DEG 51.99 MIN
LONGITUDE: 99 DEG 10.12 MIN

DEFTH TEMFERATURE GRADIENT
(METERS) (DEG CELSIUS) (DEG C/KM)
20.00 11.90 0.00
205.00 12.05 30.00
30.00 11.98 -14,00
35.00 12,16 36.00
40.00 12.67 102,00
45.00 12,73 12.00
50.00 12.82 18.00
95.00 12.946 28.00
60.00 13.05 ig.00
63,00 13,18 26.00
70.00 13.64 ?2.00
74.50 13,31 ~73.32

S 9o e 10 e eE e Goe Sas Ceie Dve e e Sele SHL GH0e SINe SIS U 40e Gind e SE SeMe S SO TES Sive ST T S Sme S TS PN SN SIGe e Sowe heam Sare Eim e o

TFEOVRU RANT A LEAST SQUARES GRADIENT TYFE YES
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HFNEZ2
HFNE2
GRANTy NEERASKA (NORTH) 12N-38W~-31CCLEC LOGGEDR 7-24-7%

ELEVATION: 1033 M
LATITUDE: 40 DEG 57.59 MIN
LONGITUDE: 101 DEG 42.36 MIN

DEFTH : TEMFERATURE GRADIENT
(METERS (DEG CELSIUS) (NESG C/EM)

By ey 200 2000 ets Gett Some i Gmte Shs Gutn soin sees Save Been -t rse svem e sns Fome mar mime dee

~r

15.00 11.58 0.C0
20.00 11463 10,00
25.90 13.30 334.00
30.00 12.41 =178.00
25.00 12.44 10.00
40.00 12.51 1000
45,02 12.95 838.00
G000 13.21 SR2.00
8500 13.42 42,00
460,00 13.48 ’ 13,00
6500 13.62 28,00
70.00 13.82 AG Q0
75.00 14.04 A4,00
80.00 14.33 58.00
85.00 14.48 A0.00
P0.00 14.463 30.00
253.00 14,84 42.00
100,00 LE.03 JELO0
105.00 3.2 35,00
110,00 15.37 I3.00
115.00 15.55 34,00
120.00 15.71 32,04

130.00 16.02 32.00
1335.00 16.18 32.00
140,00 16.34 3200
145,00 16,50 32.00
150,00 16.72 44,00
155.00 16.96 48,00
160,00 17.20 48.00
165.00 17.36 32.00
170.00 17.52 32.00
174.00 17.62 25.00

- v vk 54 0% RvE Baie GHe $60b Soms St S0 Seam Seer SAR SaE Gaim Sats GO eeh mie Semp base FiNS FHIS GESD FAFS SEG SSES GORN S4v8 TEER Sme 100 SS0s SALS Sis SOve seme 4Ee Seme STS emme Sees Sete.

IF YOU WANT A LEAST SQUARES GRALIENT TYFE YES
? YES

TYFE IN FIRST DEPTHy LAST DEFTH
? 40,170
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HFNE3 C
DAYKINy NEBRASKA AN~1E-31ADD LOGGED 8-6-78

ELEVATION? 451 M
LATITUDE: 40 DEG 16.35 MIN
LONGITUDE: 97 DEG 21.11 MIN

DEFTH TEMFERATURE GEARIENT
(METERS) (DEG CELSIUS? (NEG C/KM)

10.00 11.035 0. 00
1.. 0\.}\: 11069 255‘:00'
15.00 i1, 88 78600
1?01.}(: 1 tu ""/30(1'0
20,00 11.94 6,00
JZ.Q‘ 12.05 346,00
25.00 12.11 24,00
27,050 1?.06 200
000 12.1 1£.00
32.50 ..*4 16.00
ze 00 ‘_’*8 14,00
5.?":.‘! ;:’..1 1:‘ ’(\
4G, 00 12.25 1é6.00
42,80 12.28 WL an
45.00 12,322 1500
47,39 1:v34 8,00
50,00 i2.38 L&E.D0
52.50 12.40 2,00

30, Q00 2,43 2200
57.50 l...f 44 1200
55.10 12.49 20,00

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNEA4

PLYMOUTHy NEBRASKA AN-3E~130DA LOGGED 8-4~-78

437 M
40 DEG 18.54 MIN

ELEVATION:
LATITUDE

LONGITUDE?

I

IF

97 DEG

YOu

REFTH
(METERS

37 .50 12.29 0.00
A40.00 l‘.ﬂl 8.00
42,39 12.44 12.00
A5, 00 1:.“° 4,00
A7 GO 12.47 S, 00
50.00 12.49 8.00
2.0 12.92 2.00
G500 12¢53 400
u/.dO 12,54 12,00
YN 12.59 12.00
é).SG 124,49 AL
L 00 1204 A0
467,50 12.463 .00

WANT & L.

)

o

l...!

ar

1.98 MIN

TEMFERATURE
.G CELSIUS)

(e

SQUAR

-
£

CRADT
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EMT T

GRADIENT

(DG C/EM)




HFNES

RISING CITYr NEBRASKA 15N~-1E-270D1 LOGGED 8-6-78

ELEVATION:? 490 M
LATITUDE? 41 DEG 14.21 MIN
LONGITUDE: 97 DEG 17.36 MIN

DEFTH TEMFERATURE GRADIENT
(METERS) (DEG CELSIUS? (0EG C/KM!
10.00 11,44 G.0¢
12.50 11.51 20.00
15.00 11.47 -14.00
17.50 11.16 ~=124.00
20.00 11.05 ~44.00
22,50 11.21 54,00
25.00 11.31 40,00
27.50 11.141 40,00
30.00 11.590 34,00
32.35 11.53 2,00

35.00 11.57
37.350 11.40
A0.00 11.49
42,50 11.73
45.00 11.78
47 .59 11.80
S50.00 11.890
52.50 11.80
5%.00 11.82
572,50 13.88 % {2
&0.00 12,63 &EQ D0

IF YOU WANT A LEAST SQUARES GRADIEMYT TYFE YEE
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HFNE&
DANNEBROG ¢ NEBRASKA ~ 14N-11W-22DDD - LOGGED 8-6~78"
ELEVATION? 579 M
LATITUDE? 41 DEG 9.82 MIN
LONGITUDE: 98 NEG 33.446 MIN
DEFTH TEMFERATURE GRADTENT
(METERS) (DEG CELSIUS) (BEG C/KM)
12.50 11.96 C0.00
15,00 11,96 0.00
17450 11.98 . 8.00
20,00 12,00 8.00
DRUE 12,00 0,00
25,00 12,03 12,00
07,50 12,06 12,00
30.00 12,10 16.00
32,50 12,13 12,00
TEL00 12.19 24,00
37.50 12.23 16.00
4000 12,27 16.00
42,50 ' 12,30 20.00
AT 00 12.36 16,00
47 ¢ 50 12,42 24,00
50.. 00 12.47 20.00
52,50 12.52 20,00
55,00 12.58 24,00
57,50 10,64 24.09
60,00 12,70 24,00
62,50 . : 12,77 - 28,00
65.00 12.84 28.00
67 .50 12,96 48,00
70.00 12,97 4,00
7;.0;}0 13004 28000
75.00 13,11 28,00

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNE?7
MERNAs NEBRASKA 18N-22W-24CCCC - LOGGED 8-7-78

ELEVATION? 804 M
LATITUDE? 41 DEG 30,58 MIN
LONGITUDE: 99 DEG 48.38 MIN

DEFTH TEMFERATURE GRADIENT
(METERS) (DEG CELSIUS) (LDEG C/KM)D
10,00 10.83 0.060
12,50 10.929 4,00
15.00 11.03 16,00
17.30 11.11 32,00
20,090 11.19 32.00
22,50 11.28 345.00
25.00 11.33 20,00
27,50 ii1.40 28.00
3G.00 11,49 26.0Q0
Sa,80 11.55 24.00
35,00 11.66 44,00
37 .5 11.74 32.00
20,00 11.80 24,00
4,50 11.86 24,00
4G, 00 11:94 22,900
47,50 11.9% 20.090
AR, T0 12.05 20.00

IF YOU HWANT A LEAST SQUARES GRADIENT TYFE YES
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HFNES :
ALLIANCE» NEERRASKA 25N-48W-12CCCC LOGGED 8-7-78

ELEVATION? 1213 M .
| (\TITUHF’ 42 DEG 9.43 MIN
ONGITUDES 102 DEG $52.62 MIN

DEFTH TEMFERATURE GF\'AI!IEN'I
{METE (I CELSIUS) (NEG C/EH

res vem saes ors bar aes sass sure arme soon sase sres Sere sive e Seve wee Sesr Bees Sas beue -

~—at

Y

12,50 10.7% 176,00
135,00 11,20 164,00
17,50 10.74 ~184.00
20,00 'Jvrw 8.00
QALEHD 10,8 20,00

)

L0 10.84 12.00
2750 i’).""’ . 146.00
ID.00 10.93 20,00
320540 11.00 28,00
ZEL 00 11.0 20.00
37 .30 11,11 24.00
AL 00 11,19 I2,00
A2 S0 11.2% 28.00
AT 00 11,32 24 0()
A7 50 11,39 28,00
GO 00 11.48 28,00
G290 11,518 20,00
MJ\JH)O 115 16.00

KLY 11,63 40.00

e eoee saan ree Aoes wase eam Fvem Gvee uem S4tw nes dosn Fess Bem Sew Sese SHR i Rers Ssms bees fume GHOF SIS SeEe S8 SO S M Sime Shbe Seao TS vews Getn Susy fem Saes baas bave Sesw M4 chin foum

IF YOU WANT A LEAST SQUARES GRADIENT TYPE YES
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HFNE?
HEMINGFORI's NEBRASKA  26N-49W-4CCC  LOGGED 8-7-78

ELLEVATIONS 1292 M
LATITUDRE: A2 DEG 14.95 MIN
LONGITURES! 103 DEG 5.43 MIN

HERTH TEMFERATURE GRALTENT
(METERD) (DEG CELSIUS) (DEG C/RMD
20.G0 2.82 0.00
12,509 R.97 £0.00
15.00 ?.25 ~-8.00
1780 ?.98 12.00
0. 00 10.06 32.00
GGG 10,17 44,00

10.29 48.00

10.41 48.90

10.52 44,00

30 10.64 48,00
3500 10.75 44,00
KT 10.84 44,00
40,00 11.00 3&.00
42.5¢ 11,12 48,00
AT QO 11.29 £8.00
47,50 11.8% 2.C0
0,00 11,38 20,00
T2.50 11,48 28,20
43.0°0 11.82 28,00
57,50 11.51 28,00
£0,.00 11,69 32,00
62,50 11,79 36,00
65.00 11.85 28.00
67.50 11.94 36.00
70.00 12,01 28.00
72.50 12.07 24,00
753.00 12.14 28,00

on s P Sows eae Sva Basm e e Sree Fube SRS meve Shew Skt ES G800 4 G Bemr et S SV bt TN SRS SVSS PG Seos i Sem PEES PR VS Sl e e S et SAOS ot Eee bnee mee aatn

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNE10
GURLEYsy NEBRASKA 16N-49W~19BEEB LOGGED 8-8-78

ELEVATION? 1304 M
LATITUDE? 41 DEG 21.05 MIN
LOMGITUDES: 102 DEG 59,45 MIN

DEFTH TEMPERATURE GRADIENT
(METERS) (DEG CELSIUS) (DEG C/KM)
15.00 10.78 0409
17,50 10.88 40,00
20,00 11,02 56,00
2250 11.08 24.00
25,00 11.23 60,00
27,50 11.35 48.00
20,00 11,55 80,00
0,50 11065 40,00
25,00 1i1.81 64,00
27,50 11,92 44,00
40,00 12,08 44,00
42,40 12,18 41,67
45,00 12,21 50,00
47 50 12,43 48,00
50,00 12,55 48,00
52,50 12,71 64 .0
55,00 12,84 60,00
57,50 12,98 48,00
40,00 13,13 40,00
42,50 13,24 44,00
£5.,00 13,40 64,00
67 .50 13.63 92,00
70,00 13,66 12.00

s o g 4e S ece Ghup e vots Guse $oap et Se0y Site SEse APMS UUP GO Gmim bere Sue Sewy Aeia Sms Ms S0 SSNw bamie bemt 008 Sims el MM SWSS GRSe pim Ghas Se COUE RSN M VL ettt WaL

IF YOU WANT A LEAST SQUARES GRADIENT TYPE YES
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HFNE11

an v . et e Pt $508 Sen R $eat Sas bes e Save GaE0 Semp Sene O SO GHe Grov Som Ses Gmm s Fabn Side Aot Gret T Sui cens Sem Seme

IF YOU WANT A& LEAST SQUARES GRADIENT TYPE

259

KIMBALL» NEBRASKA 15N~-55W-7AEE  LOGGED 8-8-78
ELEVATION? 1496 M ,
LATITUDE: 41 DEG 17.55 MIN
LONGITUDES: 103 DEG 40.25 MIN
GEFTH TEMFERATURE GRADIEMNT
(METERES) (DEG CELSTUS) (OEG C/EM)
15, 00 10,84 0.00
17 50 10,92 32,00
20,00 10,94 8,00
CRRLE0 10.90 -16.00
25,00 10.94 24,00
D750 11.04 22,00
F0., 00 11,15 44,00
2L, E0 11.23 32,00
11.32 40,00
1,43 40,00
- 11.55 48,00
11,46 44,00
11.77 44,00
11,858 34.00
11.94 22,00
12,032 24,00
12,13 40,00
12,05 42,00
1235 40,00
12,45 80,00
12,53 32.00
12,58 20,00
12,59 4,00
_ 12,64 2,00
77450 12,46 8,00
890,00 12,49 12,00
82,50 12.73 16,00
85.00 12,85 48,00
87.50 12.96 44.00
90400 12.89 -28,00
92,50 2,91 8,00
95+ 00 13,00 36.00

YES



HFNEL2
GRANT» NEBRASKA (SOUTH) 9N-39W-200D LOGGED 8-9-78

ELEVATION? 1042 M
LATITUDE? 40 DEG 46.31 MIN
LONGITUDE: 101 DEG 43.38 MIN

DEFTH TEMFERATURE GRADNTENT
(METERS? (REG CELSIUS) (DEG C/KM)

1ETE
LEL00 1277 0,09
17.50 12.81 16.00
20.00 12.79 =12.Q0
22,50 12.73 ~20.00
25,00 12.83 40,00

27.50 12.94 44,00
. 13.09 60.00
13.20 44 .00

13.20 Q.00
12.22 8.00
13.23 4,00
13.24 2.00
A5 .00 13.29 2.00
AFVED 13.32 12.00
TOL00 13.3%9 28.00
G250 13.45 24,00
S000 13.36 44,00
2750 13.465 36.00
EQL 00 i3.72 28.00
6250 13.84 56.00

65.00 13.95 36.00
6750 13.99 16.00
£8.350 14,02 30.00

€o Gt0n St Gres Svet Gem Eeas Tber Semm $i0e Sens S04 Geme Bres PAIE Subs 06 4RGN SN Dume mdm Gere Secs botn bems SAme THIe YASH 040 i Mbin Seee KSSS S SV Sebv Ghbe Sim mam Fee O S0 S e e

IF YOU WANT A LEAST SQUARES GRADIENT TYPE YES
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HFNEL3
IMPERIAL» NEERASKA 7N-38W~-29CBE LOGGED 8-9~-78

ELEVATION: 1005 M
LATITUDER 10 DEG 32.465 MIN
LONGITULRES: 1Q1 DEG 392.88 MIN

TEMFERATURE GRADTIENT
(DEG CELTIUS) (DEG C/EM)

12.80 0.00
12.983 12,00
12.89 24,00
12.96 23.00
13.08 48,00
13.19 44,00

13.29 4G .00
13.39 REM Y
12.47 246,00
13.88 44,00
13.47 3£.00
13,78 44,00
2.85 28.00

13.94 44,00

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNE14
LAMAR s NEBRASKA

ELEVATIONS
LATITUDES

- =

NGITUDE?

1066 M
40 DEG
101 DEG

e 4y
50D

METEF

IF

7N-41UW-

3
05.9%

YOU WANT A LEAST

11DA6 ° LOGGED 8-10-78

[oe s ]

i e alan

MIN
MIN

TEMPERATURE
(DEG CELSIUS) (

w LY et bore boes W

11.78
11.91
'2.00
2.08
2,13
247
e

e 30

ey g

& ot

IS NI R 6 B UL SRR U BN

Q¢
-+

0
G

P T B I N ol S
»y .

*QwahIrNT
NEG

7y

A N

M

0.00
5900

3400
32.00
20.00
16,00
32,00
20,00
12.00

\JQ \l()

24.00

34,00
12,00
12,00

aoﬁoo
2.0

L 00
0.00
0000

Y

SQUARES GRADIENT TYFE YES
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HFNE1S
CHAMFION» NEBRASKA 6N-41W-21CCC  LOGGED 8-10-78

ELEVATION? 1063 M

LATITUDE? 40 DEG 28.01 MIN
LONGITUDES: 101 DEG 59.01 MIN

DEFTH TEMFERATURE GRADIENT

(METERS) (DEG CELSIUS) (DEG C/KM?
17.50 13.1¢ 0.00
20.00 13.146 24,00
22.50 13,23 28.00
23.00 13.31 32.00
27.50 13.41 40.00
30.00 13.57 64,00
32.50 13.68 44.00
uq.OO 13075 28000
37.50 13.77 8.00
40,00 13.81 14.00
42.50 13.84 12,00
45.00 13.87 12.00
47 .30 13.92 20.00
JV.OO 14.04 48.00
52.50 14,04 8.00

Aot S ot s Saen Gkt mies et eead Ao Gowt Mee Teoe e ase Seat WE 06 SR S4s Semt Aevt Smin Smis Seee Bkt Aeie Piss FESS S Sres M1y Svhs Saie SD HOY FMES s bem vhew Paks aswm Sear S0d brae

IF YOU WANT A LEAST SQUARES GRANIENT TYPE YES
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HFNE16
ENDERSy NEERRASKA AN~-38W-30BCC LOGGED 8-10-78

ELEVATION? 996 M
LATITUDE? 40 DEG 17.13 MIN
LONGITURE? 101 DEG 39.58 MIN

DEFTH TEMFERATURE GRADIENT
(METERS) (IEG CELSIUS) (DEG C/KM)
15,00 12.85 0.00
17,50 13.26 164,00
20.00 13,34 32.00
22.50 13.45 44.00
25,00 13.58 92.00
2730 13.70 48,00
30.00 13.95 100.00
32.30 13.92 -12,00
35.00 14,06 56.00
37430 14.18 48,00
40.00 14,30 48,00
42,50 14,46 64,00
45,00 14.52 24,00
47 .50 14,60 32.00
30.00 14,49 36.00
S2.50 14.76 28.00
9900 14.83 , 28.00

6004 $a6s Sues 0es ees 4ot Bare See Sewe Seds Sibe Lpos AS Wiee S0ee GRS Sems fre Mims Gres seec biee ebs Sops Seve SPEe Ssee Aess Shes Secs Gmra Sels Ssed Sure oee mas S pese Am Sreb bame heny mer ame o

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES

TYFE IN FIRST DEPTHy LAST DEFTH

e S s wen s Fees PO e Gds SR SEGS SeSe SIS IRs Sems 0% FOM GOl S0m S40¢ Mase S0V FEe0 f4ay Pam bees Gebs Seat Seas 4o Sies SuF Smie Beee SFes AP Hads 44 4090 SUBT PUSS Sats Sase GAot Ml Ele Here dmer S Ghin GpS6 et fabe M4 PR “Me FiAs Sabs See PO PR et Swm

LEAST SQUARES GRADIENT BRETWEEN 15.0 METERS AND 355.0 METERS IS
46,26 DEG C/KM

STANDARD ERROR OF THE ESTIMATE IS
. 08807

o e ey o it et S G 00 Sery St SO0% S So NS Sgaé MAS Sst Serm Simb SHUE GUIR SINS CUD bons dee Geer SENS L Gels SME SHIE SASS S0S 60U SRIN VIS SIS CON SH SN Bine SeUe BN GMY FOGS Gae GOSS GISS SIS SeAS WESE SIBe HERS HURG Gew $0 WD Mimb tmet Sedb b

IF YOU WANT ANOTHER LEAST SQUARE GRALIENT TYPE YES
TO CONTINUE TYFE IN NEXT CODE, TO STOF TYFE STOP
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HFNE17
BENKELMAN» NEBRASKA 2N-38W-10DDDD LOGGED 8-11-78

ELEVATION? 987 M
LATITUDE? 40 DEG 8.95 MIN
LONGITUDE: 101 DEG 35.27 MIN

DEPTH TEMPERATURE GRADIENT
(METERS) (DEG CELSIUS? (IEG C/7KM)
15.00 13.10 0.00
17.50 12.99 ’ -44,00
20.00 13,31 128.00
22.30 13.45 56.00
25.00 132,64 76.00
27.50 13.82 72.00
30.00 13,85 12.00
32.350 13.90 20.00
33.00 13.92 8.00
37.50 14.03 44.00
40.00 14.09 24.00
42.50 14,15 24.00
45.00 14.18 12.00
44,00 14,25 20.900

o s e et Sen S 80r e fvne G4t et T S Soep Sum fim Smm Sebs Sels ML SIS cems Sem Sime GRS O HmS ML Seas SRD SOve ies Mme Pss biw bepe besh smt beam S0 Save Sue bise mee
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HFNE18
QUICK, NEBRASKA  6N-29W-~-32CCC. LOGGED 8-11-78:

ELEVATION: 859 M
LATITUDES 40 DEG 26.33 MIN
LONGITUDE? 100 DEG 38,54 MIN

DEPTH TEMFERATURE - GRADIENT
(METERS) (NEG CELSIUS) (MEG C/KM)
15,00 13,04 0,00
20,00 13,24 40.00
25.00 13.43 38.00
30,00 13.58 . 30.00
35,00 13,74 32,00
- 40.090 13.89 30,00
45.00 14,09 - A0.00
304,00 14,27 346.00
95,00 L 14,42 . 3000
60000 14.% 34,00
465,00 14,77 36.00
70,00 14,91 - 28,00
73,00 15.05 28.00
80,00 15,12 14,00
85,00 15.20 - 16.00
?0.00 15.26 12.00
95,00 15,34 16,00
2750 15.42 32600

€00 Fn Ge G S0ms 064 S99 FRes TBIS Stk GUNS STV D S4Se GTES WS SIB Mt SGIN GG EMe Geve fumt HUSe G4t Gabe SEe EES SESE Sase Wee Siov bvms E Kt S SURO §ea Bebe ERS Svas Sure Setm cow Samr

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNE19 |
MAYFIELD, NEBRASKA

ELEVATION? 853 M
LATITUDE? 40 DEG
LONGITUDE? 100 DEG

DEPTH
(METERS)

v et e o mems same soan ot

15.00
20,00
25.00
35.00
40,00
45,00
50.00
55.00
60.00
65.00
70.00
80.00
85.00
90.00
95,00
- 100.00
105.,¢0
110.00
115,00
120,00
125.00

SN-29W~-12BBR - LOGGED 8-11-78

40.98 MIN
34.17 MIN

TEMPERATURE
(LEG CELSIUS)

o s i o e s a2 S e Samp ams Ssen

12.71
13.02
13.23
13.45
13.73
13.90
14,09
14.31
14,47
14.65
14,78
14,94
15.15
15.24
15.31
15,47
. 15,58
S 15.72
15,82
15.92
16.01
S t6.11
16.41

GRADIENT
(DEG C/7KM?

0. 00
42,00
42,00
44,00
56400
34,00
39,00
44,00
32,00
36,00

26400

32,00
42,00
18,00

14,00

32,00

. 22,00
28.00
20,00
20,00
18.00
20,00
50400

- S " S WS et it Soen Sukt G Gy SIas SO P P SETP MmS G ches Sain S IR SM0e SIS S Ape Sy Sovy Ses ks FTRS ceP BN SeEn brue Sbes Shie have Mms Mabe Gme w4 e

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNE20
+WELLFLEETs NEBRASKA 10N~-30UW~-20D0D LLOGGED 8-11-~78

ELEVATION: 08 M
LATITUDE? 40 DEG 48.67 MIN
LONGITUDE: 100 DEG A5.29 MIN

DEFTH TEMPERATURE GRADIENT
{METERE) (DEG CELSTUS) (DEG C/KEM)
15.00 12.29 0,00
20.00 12.54 "50.00
25,00 12.54 0.00
30.00 12.463 22.00
35.00 12.82 34,00
40.00 12,96 28.00
45,00 13.06 20,00
0.00 13.16 20.00
55.00 12.25 18,00
§5.00 13.54 I8.00
70.00 13.59 10.00
75.00 12,61 4,00
80.00 13.464 &.00
83,00 13.64 .00
?0.00 13.84 4.00
95.00 12.68 4.00
100.00 13.70 4.00
105,00 13.65 ~-10.00
110,00 14,14 i¢2.00
115.00 14,19 &.00
120.00 14,14 =10.00
123,00 14.39 90.00
130.00 14,69 £0.00
135.00 14.78 19.00

SO0 SO S e S0mk e G4 Gute 400 S0Re 4400 40 LGS Gave Geme Wne S S 9900 St MR S S0a0 GASN SR Fece SO MMD SUme S04 486 e Seme 00h Seas 008 mbwm SS SeRe Bive bonw Ssve sess SPRe amve

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNEZ21
BEVERLY» NEBRASKA 4AN-32W-6BEC LOGGED 8-12-78

ELEVATION? 885 M
LATITUDES 40 DEG 22.31 MIN
LONGITUDE: 100 DEG 59.06 MIN

DEFTH TEMFERATURE GRODIENT
{METERS) (DEG CELSIUS? (DEG CAKMD

1500 12.35 0.00
20,00 12.80 F0,00
25,00 12.841 8.00
30.00 13.12 36.00
35.00 13.2¢ 34,80
40,00 13.589 58400
45.00 13.76 246,00
G000 1Z2.94 34,00
99,00 14,17 A O0
G000 a4l A8 00

45.09 14.54 2E Q0
70.00 14,461 14,00

75.00 14.83 44,00
20.00 14.84 2.00
8I.00 14.84 C.00
.00 14,84 0.00
E.00 14,92 14,00

4e et seme sese Me EISS Ge Sime sbes Suee Seis bee et Lhm Ser Gt Sast et SF SIS e Setn Bems Seme BB LS coFe Sem ebe babe Sase svas PeRe Smme Tmes seve Fibe Sed eiat sem Sebe Sem mrs Soms stme

IF YOU WANT A LEAST SQUARES GRADIENT TYRE YES
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HFNE22 ‘
HAYES CEﬂTERv,NEBRQSKA ZN—33Nf353DD LOGGED  8-12-78

ELEVATION? 220 M
LATITUDE? 40 DEG 31.34 MIN
LONGITUDE: 101 DEG 1.353 MIN

DEFTH TEMPERATURE GRADIENT
(METERS) (DEG CELSIUS) (LEG €/KM)

[ e = e 4ott S S0m 4400 Prer S cie 4006 Sims Ge0e Seve vtn aems Some wrma s4ee S Soee Sen Sese s

15,00 12.12 A4, 00
20,00 T 12024 . 28,00
25,00 1271 20.00
“30.00 .12.98 54,00
35000 L1321 L A46.00
40,00 13042 42,00
S AS.00 T 13,48 L OER.00
50,00 113,92 Ca8,00
5500 J14.10 34,00
£0.00 J14,28 34.00
65,00 S14.38 . 20,00
TFO 00 14,48 25..00
75.00 14,59 22.00
80.00 14.66 14.00
85.00 14.75 18,00
20.00 14.84 18.00
95,00 14.98 28.00
100.090 C15.06 L 14,00
_105.00 1%.11 10,00
110.00 15415 8,00
L115.00 15.23 146400
125.00 T15.48 5200
" 130.00 16,07 118.00

i Bate S $SS $00s GOV S THS O S0S Sem SHAL S4S0 P S0mE S608 SHN SO FESS 40t se0t bem GBS GSe G U Sele G400 Bive SSEO GO SeGe 760 G980 S90S F PRS Sume Sies Fuve See SUEY GBS Pave Sese

IF YOU WANT A LEAST SQUARES GRADIENT- TYFE. YES
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HFNE23 | | |
SUTTLERS CANYONs NEBRASKA  9N~-33W-32DCD LOGGED 8-12-78

ELEVATION? ?86 ™
LATITUDE? 40 DEG 41.95 MIN
LONGITUDE: 101 DEG S5.87 MIN

DNEFTH TEMPERATURE CRADIENT
(METERS) (REG CELSIUS) (NEG C/kM)
15.00 12,63 ¢.00
20.00 12,72 18.00
25.00 12.7 16.00
30.00 12.94 34.00
35.0¢0 13.10 32,00
40.00 13.25 30.C0
45.00 13.43 34,00
50.00 13.60 34.00
55.00 13.78 35.00
&0.00 13.98 20,00
65.00 14,03 . 20.00
70.00 "14.19 32.00
75.00 14.34 30.00
80.00 14,36 4.00
85.00 14.40 8.00
20.00 14.44 2.00
?5.00 14.43 ~2.00
100.00 14,44 2,00
105.00 14,42 -4, 00
110.00 14,50 14.00C
115,00 14.54 3.00
120.00 14.53 ~2.00
125.00 14,58 10.00
130,00 14,55 -6.00
135.00 14,71 32.00

W ey S o SO S 00 G S Grap S M. S Als ey S e PO SEUD 4 Svh S U S4B A GO il St e S04 AN Hs im PSS S P SAle EETe SEim et Semt ASS Same vemp om

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNE24
SUTHERLAND» NEBRASKA 11N-34UW~-1CCC LOGGED 8-12-78

ELEVATION? P75 M
LATITURE? 40 DEG 356.71 MIN
LONGITURES: 101 DEG 8.86 MIN

IEFTH TEMFERATURE GRADIENT
(METERS) (IEG CELSIUS) (DEG C/KM)
15.00 12,69 0,00
20,00 12,48 ~42,00
25,00 12,71 46,00
30,00 12,85 28,00
35,00 12,92 14.00
40,00 13,07 30,00
4%, 00 13,16 18,00
50,00 13,26 20,00
55,00 12,34 16,00
40.00 13,38 .00
45400 13.53 30.00
70,00 12,53 0.00
75,00 13,60 14,00
80,00 13,59 ~2.00
85,00 13.61 4.00
90,00 13,62 2,00
10%,00 13,45 2.00
110.00 13,72 14,00
115.00 13,69 -4 .00
120,00 13.71 4,00

ST 4 $oES Shee Fome Hase SME A94s G4ss eer Shes Beaw Mm Hemt TS Srew S08s Shbe SPES Sed Geeh FBSS Sioe Gmme GO Suse OM Gemb S4G% H3N6 emes SURS beme Sase S6R $rm Sees Eeen SE Pems Sves Soor ame PO vame

IF YOU WANT A LEAST SQUARES GRADIENT TYFPE YES
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HFNE2S

FARNAM» NEBRASKA

PN-26W~36ALD LOGGED 8-13-78

ELEVATIONS 847 M
LATITUNES: 40 DEG 42.60 MIN
DEG 13.45 MIN

LORGITUDES: 100

HHEFTH

CMETERED

135,00
20.00
25,00
20.00
35,00
A0.00
45 .00
S0.00
S5 .00

L0500

i

SEE 4y
Svi e W24

-~
4 0\)‘")

-

75.00
8000
g&.00
G000
5. 00

100.00

105.00

110.00

115.00

120.00

125.00

130.00

135.00

140.00

145.00

TEMPERATURE
(DEG CELSIUS)

12.00
12.79
12.88
13.06
13.23
13.45
13.64
12.85
14,902
14.24
14.446
14,45
14.80
15.00
15.08
15.13

L5135
15.17

15.22

15.24
15.3¢
15.34
15.44
15.52
15.54
15.56
15.86

GRADIENT
(DEG C/KM?

e o st che s cowt buts et 1oms Seme

0.00
1%8.00
18.00
36,00
38.00
40.00
38.00
42,00
34,00
44.00
44,00
39,00
20.00
40.00
16.00
10.00
4.00
4.00
10.00
4,00
12.00
12,00
146.00
16.00
4.00
4,00
60.00

s it ot e e e e e S St OO SEG% H0ME Sees ent Sem Grin Sem SenE Seey Afat Ame S Seem GO Sie M Pact T Pt G i Sem e Sume dmis a0 ctn Gimp Pubs peme S ard Smms Siwe

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNE26

EUSTIS» NEBRASKA 6N-24UW~23BCE LOGGED 8-13-78
ELEVATION? 763 M
LATITUDE? 40 DEG 29.55 MIN

LONGITUDE: 100 DEG 1.17 MIN

DEPTH TEMFERATURE GRODIEMT
(METERS) (DEG CELSIUS? (DEG C/ktD
15.00 12,05 0,00
20.00 13.05 0.00
25.00 12.21 22.00
30.00 13.33 28.00
35.00 13.26 -18.00
40,00 13.67 82.00
45,00 13.79 21,00
50,00 13.92 26,00
35.00 14.03 22,00
40,00 14.08 15H.G0
65000 14,12 8.00
70.00 14.29 I4.G0
75.00 14.40 22.08
g€0.00 14.33 25,00
\_‘.}00() .'4 74 42\ 0()
?C. 00 14,81 14,00

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNEZ7
RAGANy NEBRASKA . 4N-18W-15AD  LOGGED 8-13-78

ELEVATION? 691 M
LATITUDRE? 40 DEG 18.85 MIN
LONGITURE?: 29 DEG 19.73 MIN

DEFTH . TEMPERATURE GRADIENT
(METERS) - (DEG CELSIUS) (DEG C/KM)

15400 13.00 0.00
20.00 12,00 ~-200.00
25.00 12,33 66.00
20,00 - 12.54 42.00
I5.00 1u.69 : 30.00
AQ 00 12.77 16.G0
A5.00 ¢ 12.87 20,09
G0.90 12.927 20.00
SS90 - 13.07 20,00
ST LO0 13.12 10.50
6500 13,17 10.00
F0.00 C13.22 10,00

7-Jw el 12,2 25 & 00
20,040 13,29 8.00
2E.00 13,32 & 20
Qe.0o0 13.37 10,00
95,00 . 13.39 4.00

IF YOU WANT A LEAST SQUARES GRADIENT TYPE YES
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HFNEZS8
MINDENs NEBRASKA 6N-135W~34DCC LOGGED 8-~13-78

ELEVATION? 664 M
LATITUDRES 40 DEG 26.19 MIN
LONGITURES: 99 DEG 0.00 MIN

DEFTH TEMFERATURE GRADIEMT
{METERS (IEG CELETUS) (DEG C/KM)

P e art rate e s daae os Save Nort bave bess S08e Seme Gom ~ate sane poms s bt Sote Sato by ot ot

15,00 11.82 0.00
17.50 12.23 1464.00
20.00 12.13 ~40.00
'j’odo 1.:2¢.l.5 8000
A-\JO(‘O 1’ 19 16900
27,30 13,34 20.00
Z0,.00 12.30 24.00
I2:50 12.33 12.00
ZH.00 12,37 146.00

KV 12,37 000

40.00 12.38 4,00
425G 12,43 20.00

45,00 12.43 0.00
i 12.42 =4.00
12,43 A,.00

12.44 A.00

12.45 4,00

acvoa 12,46 ~ e 00

5200 12,49 12.00
&4 .00 12.49 0.00

4roh 4ass sete Samw sues Ss4s Tren Sbee Fsk sov® Sess Ses temb msbe Seim S50 cest Sum Wb MY SOTS Sibe SEES Seae SE hew S1a4 Bees Sesl GBS SHiL res Same aser Bess Se b00e Sive eiud Sees Sese Samt sers AeEs Seme

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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HFNE29
ELGINy NEBRASKA 23N-6W-28DC LOGGED 8-18-78

ELEVATION? 985 M
LATITUDE? 41 DEG 55.73 MIN
LONGITURE: ¢8 DEG 1.06 MIN

DEFTH TEMFERATURE GRADIENT
(METERS) (NMEG CELSIUS) (REG C/KM)
15.00 11.57 0.00
17.50 11.49 ~32.00
20.00 11.50 4,00
22,50 11.33 12.00
25.00 11.55 8.00
27430 S 11.62 28,00
30.020 11.48 24,00
22.0 11.72 16.00
3Z.00 11.74 8,00
40,00 11.85 12.00
42.50 11.90 20.00
45,00 11.95 20.00
47 .50 12.00 20.00
Bo.00 12.06 24.00
2.3 12.11 20.00
5&.Q90 12.17 24.00
S57.3C 12,22 20.00
&0.00 12.28 24,00
62.590 12.34 24,00
85,00 12,40 24.00
66.00 12,41 10.00

o man e Saem et Saa TS GO met S e Gt S S Pubt G4 S NS S Sveb WS has Sode 6O SO Gape Smd SEE hbe S0 Mred bety Sems SESC Sne SOte Baas SIS SENS See NS SNBe i bemm Sim

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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H M["'Z{\

% b AP W

BERUNSWICKy NEEBRASKA 27N-SUW-17AAA LOGGED 8/18/78

ELEVATION: 9563 M
LATITUDRE? 42 DEG 1?.18 MIN
LONGITUDES: 97 DEG 54.83 MIN

TEMFERATURE GRADIENT
(DEG CELSIUS) (NEG C/EM)
11.289 0.00
11.30 8,00
11.27 ~12.00
11.30 , _ 12,00
11.31 \ 4,00
11.36 20,00
11.35 -4.,00
11.43 32.00
11.51 32.00
: ; 11,42 44,00
46,00 11,69 28.00
AR HG 11.78 36.00
4%, 00 11.94 24.00
47,50 11.90 24,00
S0 00 11.97 28.00
50,50 12.02 20.00
B 00 12.06 16.00
B H0 12,13 28.00

Some Seas 4hs 00s 4ame Semn 4020 muen Besk bese 400 4040 USRS Seee Beee $500 MGS FBES Sre Sibe 3004 Febe Sose beeu Sear S10e S48 $er SIS Pebe SEES Thim Mimd ey MHes 65 S203 SSam Sk Seis $000 Faie Femd TP e

IF YOU WANT A LEAST SQUARES GRADIENT TYFE YES
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Appendix 6-1

Dissemination of Geothermal Information
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Appendix 6 - 1

STATE OF NEBRRASEA

DISSEMINATION OF GEQTHERMAL INFORMATION FERTINENT TO
NEBRASKA STATE-COUFLED PROGRAM

# % PUBLICATIONES #* #
&H/B0/83

Gosnold, W. D., Jr.s 1977, Heat Flow and the aecathermal regime of
Nebraska and the Great Flains [abs.1: The Nebraska Academy
of Sciences,; 29th Arnual Meetina, Proceedinos,. p. 49-5G.

Gosnold, W. O.., Jdr.. 1979, Geothermal studies, Nebraska: Geothermal
Enerav and the Eastern U.5S., Technical Information Interchanse
Meetina —~ Minutes, The Johns Horkins University Aperlied
FPhvsics Laboratoerv APL/JHU OM-72--241, no. XXIV, p. 1-12.

Becker, Dave, and Gosnold, W, .y Jdr., 1920, Use of the finite
difference method to pPredict subsurface temperatures [abs. 1t
The Nebraska Academvy «f Zciences. Y0th Annual Meetina,
Proceedinas, pP. 31l.

Gosnold, W. D.> Jr.. 1980, Assessment of aecthermal resaurces in
Nebraska f(abs.l: The Nebraska Academy of Sciences, 20th

- i

Annual Meetins., Froceedinas, p. 32,

Shobers, T. P.» and Gosnold, W. D., Jdr., 1930, A thermal model of
the Elk Creek carbonatite [abks. ] The Nebraska Academv of
Sciences, 20th Annual Meeting, Proceedinoes,. . 33,

Gosnold, W. .. Jdr., 1980, Nebraska secthermal recsourcest: Geathermal
Energvy and the Eastern United States, Fifth Technical
Information Interchangse Meetine - Minutes, The Jdohns Horkins
Universitvy Appiied Phvsics Laboratery,. JHU/AFL OM-20-185.
no. V:, pP. 1-20. :

Gosnold,. W. D., Jdr., 1980, Freliminary heat flow data from Nebraska:®
EOS, v. 61, no. 42, p. 1192-1194,

Gosnold, W. D.y Jdr.» and Eversaoll, D. A., 1280, Low temperature
aeothermal resources in Nebraska, report of investioations:
1979-1920: 1. 5. Department of Eneravw., Division of
Geathermal Enerov, Resource Assessment/Commercialirzation
Planninag Meeting, Salt Lake Cityw, Utah. p. 112-124.
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Gosnald, W. DL, Jdr., 1980, Preliminary rerart on the seothermal
resource pPotential of Nebraska: Geothermal Resaurces Council
Transactions, v. 4, P. 45—48.

Gosnold, W. O.. Jdr.. Everscll, O. A., and Carlson, M. F., 1780, An
inventorv of aeathermal resources in Nebraska: Jdanuarw
Froaress Summary of the State—-Courpled FProagram Between U=,
Derpartment of Eneroav and the University af Nebraska,
Conservation and Survey Division, University of Nebrashba,
Lincolin, Nebraska, <7 p.

Eversall, D. A., 1981, A computer pProject for subsurface data at
Coenservation and Survevy Division, University of Nezbraska-
Lincoln [abs.]t The Nebraska Academv of Sciences. ¥lst
Annual Meetine, Proceedings, p 321.

Gosnold, W. DO.» Jr., Everscil, I A., and Carlson, M. F., 1981,
Geothermal investisations in Nehkraska: methods and resulus:
SGeothermal Direct Heat Froaram. Glenwood Serings Technica)
Conference Froceedings, lniversity of Litah Research Institute,
DOE/ZID/12079-39, ESL-5%, v. 1, p. 187-204,

Adams, John. 1981, Gecthermal eneraw: in There s eneray four the
takine (last in a series): Nebraska Farmer, v. 122, no. 19,
P. &3

Gosnold. We Do, Jdr.. and Everscoll, L. A., 1921, Usefulness aof heat
flow data in reaional asscssment of low temperature seathermal
resources with special reference to Nebraska: Geothermal

T, p. 730

Rescources Council Transactions, v. !

Gosnold, W. D., Jr.. Becker, D. 4., and Eversall,. 0. A., 1721, Mew
heat flow data from Nebraska: EQS. v. &2, no. 45, F. 1054,

Gosnold, W, D., Jdr., and Eversall, D, A., compilers, 172%, Map showine
Geothermal resources of Nebraska, 19822 Naticrnal Oceanic and
Atmospheric Administration for the . 3. Derarment of Eneravw,
scale 1:500,000,

German, K. E.» Jdr.» 1982, Heat rroducticon from the Frecambrian

tbasement rock of Nebraska [abs.]: The Nebraska Academy
of Sciences, ?2nd Annual Meetina, Proceedings, p. 4743,
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Carter, Larrvy. and Bintner, Gavle, 1982, The use of secthermal data
for petroleum exploration in Nebraska [abs.]: The Nebraska
Academvy of Sciences. 92nd Annual Meeting, Proceedinss, p. 44,

McCabeé, Don, 1982, Geothermal enersy: our newest rescurce: Nebraska
Farmer, v. 124, no. 12, P.12. :

Burbarnk, J. A., 1782, Geothermal enerav resourceés -in Nebraska: Fact
Sheet, Coorperative Extension Service, University of Nebraska,
Lincoln, Nebraska. fe

Gosnold, W. D.» Jr., Eversocll, 0. A. and Carlson, M. F., 1982, Three
vears of geothérmal research in Nebraska: Gecthermal Direct
Heat Prooram, ‘Réundur Technical Conference Proceedings, Zalt
Lake Citvy Meetin=s, Universitv of Utah Research Institute,
DOE/ID/12079-71, ESL-9€, v. 1, rp. 141-1357.

Gosnold, W. D> Jr.,» 1982, Heat flow and water movement in the Dakota
Aquifer [abs.l: C. V. Theis Conférences on Geohvdrologwv,
Dakota Aquifer Symposium., October 5-é, Lincoln, Nebraska.

Gosnold, W. D.» Jr.s 1982, Geothermal rescurce maps ‘and bottom hole
temperature survevs: Geothermal Resourcés Coauncil Transactions,
v. & P, 23—26.

Gosnolds W. D.» Jr., and Everscll, D. A., 1982, A heat flow anemaly
in the Great Plains, EQOS, v. 43, no. 45, e, ;0?1.

#.# SUBMITTED PAPERS # #

Gosnold, W. Do -dr.s 21983, Heat flow and eround water movement in
the central Great Plainss Dakota Aauifer Svmeosium, NMational
Water Well Association [In Pressl.

Gosno¥d, W.o D., Jdr., 1983 ‘Relation between heat flow and resicnal
around water flow in the Great Flains of the United Statess
Submitted to: I1.U.G.G., Hambura, Germanvy.
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STATE OF NEBRASKA

# # PRESENTATIONS #

&/30/83
Gosnold, W. L., Jr., 1978, Heat flow in the western Great Flains - new
data .from western Nebraska: eresented at Las Cruces, New
Mexico Geothermal Energy Svymposium — A Focus on New

Mexico.

Gosnold. W. D., dpQ¢;1979,_Hegt Floﬁvand,seothermél‘enersv in
Nebraska: U.3.5.5 Conference on Geothermal Enerav, Tacs., New
Mexico. ‘ : o

Eversoll, D. A.,» 1980, Nebraska seothermal studv: presentation to
50th Annual Nebraska Well Drillers Conference, Lincoln,
Nebraska, Feburarv, 1980,

Gosnold, W. ﬁ., dr;,ji980, The status and potential df-seothermal
enerav: presentation to the Mid-America Alternative Enerav
Orsanizations ApPril, 1980.

Gosnoldy W. s Jdr., 1980, A summary of the Nebraska secthermal
proaram: presentation to the Phvsics Department of Creishton
Universitvy, in: An Inventory of Geothermal Resources in
Nebraska, FProaress Summarvy, Aeril., 1980,

Messenaer, K. A., 1930, Geothermal ‘enerav'in Nebraska: presentation to
Eelmont Elementarv school, Lincoln, Nebraska, Mav 9, 1920,

Gosnold, W, D.> Jdr.> 1280, presentation to the Omaha Nebraska Lions
Zlub, July., 1980, : : :

Carlson, M. P.. 1930, Geothermai>;ééob5¢eé=*EnePBQﬁEducafion Ndrkshop,
Teachers College, University of Nebraska, Lincoin, Nebraska,
. ...August 8, 1980. ' -

Gosnold, W. Doy Jdr.. 1980; Taéed P?esentation, Nebraska Educafional
Television on Nebraska“s seothermal resource, Octaber, 1920,

Gosnaold, W.e De> Jdr., 1980, Geothermal exhibit far the 1980 Mid-
America Eneravy Exhibition, Omaha., Nebraska, COctober, 1920,

Gaosnold, W. [., Jdr., 1980, Geothermal report to the Nebraska 0il and
Gas Commission. Sidnew, Nebraska, October, 1930,
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Gaesnold, We L.y oJdr., 1980, Nebraska secthermal resocurces: Fresentation
to Geothermal Enerov and the Eastern United States, Fifth
Technical Information Interchanse Meeting, Coclfont Convention
Center, Berkeley Sprines, Virsinia, Nevember, 1930.

Gosnold, W. Do Jr.. 1¥20, Fresentation, Geothermal rescurces in
Nebraska: to the Omaha Nebraska Business Men s Assaciation,
November, 1220,

Gasnold, W. ., Jr., Everscoll., ', A., and Carlson, M. F.. 1730,

' Production of state gecthermal maps oenerated from aeathermal
contracts and g9rants: Information exchange meeting and
workshop, Lincoln, Nebraska, November, 1920,

Carlson, M. F., 1930, Report on Nebraska geocthermal proiject to
Interstate Ji1 Compact Commission, Geothermal Resources
Committee, Dallas, Texas, [ecember 4. 1920,

Gosnold, WeD. Jr.o» 1921, Rerport on Nebraska secthermal project to
State~Federal Geothermal Caonference, Derartment of Ernerawv,

Geothermal Division, Seattle, Washinaton. Januvary 26&6-29, 1231,

Gosnold, W. D., Jr.. and Cavanaush, John, 1981, Geothermal Enerevy in
Nebraska: Tared television presentation in cooperation with
Nebraska Fublic Television, Januarwv, 1981.

Februarv, 1921.

Gosnold, W. D., Jdr., 1981, Fresentation on geathermal resources of
Nebraska to Omaha West Rotarv Club, Omaha, Nebraska,
March. 19&81.

Gosnold, W. D., Jdr.. 1981, Presentation on geothermal resources of
Nebraska tao the Grain Alcahal Conference, Lincoeln, Nebraska,
March, 1931.

Gosnold, W. D., Jdr.. 1981, Fresentation on 92ecthermal rescurces of
Nebraska to the Arbor Heights Juniar Hiah, Omaha, Nebraska,
March, 1981.

Gosnold, W. D Jdr.. 1981, "Geothermal Chili": second place pPrize
receire in the Cornhusker County Chili Coak—-aff, March, 193%.
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Gosnald, W. D., Jdr., 1981, Fresentation on geothermal eneray in
Nebraska to the U. 8. Enersav Plan III hearine in Kansas Citv,
Missouri. Arril, 1981.

Eversall, D.A., 17231, A compPuter pProJject for subsurface data at
Conservation and Survew Division, University of Nebraska-—
Lincoln: Fresentation to the Nebraska Academvy of Sciences.,
¥1lst Annual Meeting, Arril, 12731.

Gosnold, W. O., Jdr., 1981, Presentation on the Progress of the state
aeothermal mare of Nebraska te FPlains States Geothermal Mae
Meetine sponsored by the National Oceanic and Atmospheric
Administration, DePartment of Enerav. and University of Utah
Resources Institute in Boulder, Colorada, Ausust, 1921,

Gosnold, W. O., Jdr., 1221, Geothermal rescources inm Nebraskas
Presentation to the Institute of Food Technoloaists,
Ak-Sar—-Ben section, Omaha. Nebraska, Auaust 24, 1221,

Gosnald, W. O, Jdr., 19281, U.S. pPetroleum supprlies and aeathermal
atternatives, presented to UOmaha, Nebraska Sierra Club,
Cmaha. Nebraska., UOctober,. 1981.

Gosnoald, W. Do, Jdr., 1931, Geothermal enerav: presented to the
Northern Section of the Sccietwv of Fetroleum Enoineers,
Omaha, Nebraska, QOctober, 1721.

Gosnaold, W.D.. Jr., LO.Jd. Becker, and D.A. Eversall, 1221, New heat
flow data from Nebraska: American Gearhvsical Union
Fall Meetina, SZan Francisco, California, December, 1921,

Carison, M. P.>» 1981, Reprort on Nebraska seocthermal project tao
Interstate (i1 CompPact Commission, Gecthermal Resources
Committee, Tanta Fe, New Mexico, December, 1721,

Gosnold, W. Do, Jdr., 19382, "Geothermal Chili": first erizce reciee
in the Cornhusker County Chili Cock-caff, Februarwy, 1982,

Carison, M. P., 1922, Definition and data base for gecthermal enerav
in Nebraska: Workshop on the Fotential for Low-Temperature
Geothermal Resources in Nebraska, Lincoln, Nebraska,

Mavy 24, 1982.

Eversall, I, A., 1982, Geclogic framework of gseathermal recources
in Nebraska: Workshoep on the Potential for Low-TempPerature
SGeathermal Resaurces in Nebraska, Lincaeln, Nebraska,

Mavy 24, 1932,
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Gosnold, W. O.r oJdr.. 19822, Indications and potential for gecthermal
resources in Nebraska: Workshor on the Potential for
Low-TempPerature Geothermal Resources in Nebraska, Lincolin,
Nebraska. Mav 24, 19722,

Roberts, FP. R.y 1982, Trillinge and completion of deer wells in
Nebraska: Workshor on the FPotential for Low-TempPerature
Geothermal Resources in Nebraska. Linceln, Nebraska,
Mav 24, 1922,

Carlson, M. F.. 1932, Leaislative and resulatory status of geathermal
enerav in Nebraska: Workshop on the Potential for Low-
Temperature Geothermal Resources in Nebraska, Lincoln,
Nebraska, Mav 24, 19222,

Carlson,. M. FP.., 1932, Report on Nebraska gecthermal pProject tao
Interstate 03i1 Compact Commission, Geothermal Resources
Committee,. Columbuss, COhia, June 14, 193Z.

Gasnold, W. Doy ., 1982, Low tempPerature seocthermal resources in
the United States Great Flains: Fresentation at the Warkshor
on Terrestrial Heat Flow Structure and the Structure of the
Lithasphere, Liblice. Czechloslovakia.

Gosnold, W. O., Jr.. and German,. Ken, 1982, Geothermal investigations
in Nebracska: Fresentation, Symposium on Geothermal Enerovw,
Los Alamos Scientific Laboratory,. Los Alamos, New Mexico.

Carlseon, M. F., 1932, Geothermal resourcesd: Enerav Education Workshoe,
Teachers Co]lese, University of Nebraska, Lincoln, Nebraska.,
Jule 29, 1973

Gosnold, W. Do, Jr.. 1982, "Geothermal Chili": participated in the
World Chamerion Internaticonal Chili Society Coock—-off in Los
Anaeles, California, October, 1?82.

Gosnold, W. Doy Jr., 1922, A heat flow ancmalwy in the Great Plains,
American Geaphvsical Union,. San Franciscoe, Califarnias
December, 1982.

Carlson, M. F.. 1922, Report on Nebraska gecthermal pProject to
Interstate 0il1 Compact Commission. Geothermal Rescurces
Committee, New Crleans, Louisana. December &, 1982,

Carlscn, M. P., 1923, Geothermal rescources: Enerav Educaticen Workshop,
Teachere College, University of Nebraska, Lincoln., Nebraska,
Mav 20, 1933,

Carlsan. M., F., 198%Z, Rerport on Nebraska seothermal prodect to

Interstate 011 Compact Commission, Geothermal Rescurces
Committee, Tulsa, COklahoma, Jdune 20, 19873,
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Appendix 7-1

Maps:

Geothermal Resources of Nebraska
Location of 0il and Gas Test Holes
with Bottom-Hole Temperature Data

(Maps located in back of report)
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STATE OF NEBRAZEA

# # MEETINGS ATTENDED AND SPONSORED # #
/307332

~ — MEETINGS ATTENDED - -

1-:77-.‘; _________________________________________

Geothermal Fesources Council meeting on Geathermal Enerayw and

Its Direct lise in the Eastern U.S., Roanoke, Virainia,
April Z-%, 197%.

Interstate Ji1 Compact Commissioan, Geothermal Rescurces Committees
Lexinaton, Kentucky, .Jupne 132, 1977,

Zecand Annual Hot Orv Rock Conference. Zanta Fe, New Me=ico,
September 17-13, 197%.

Genthermal Recaurces Council Annuwal Meeting, Renos Nevada.
Sertember 4A-27, 1979,

Technical Infoermation Exchange meetina,. Berkelew, West Virginia,
Octaber 30-31, 1979,

Interstate 0il Compact Commicsion, Geothermal Rescurces Committees
Los fAnoeles, California, December 2. 177%.

1 THEI Q) e m e e e e e
State Coupled Rescource Assessment Team Meeting, Zalt Lake Zitw, ldtah,
Jdanvary Z2-24, 19320,

National Ground Water Geothermal Heat Fume Contference and Expaoasitiarn,
Coiumbus, Dhio, Febroary 11, 1920,

=0th Annual Nebraska Well Drillers Conference, Lincoln, Nebraska,
February 14, 1920

Interstate 0il Compact Commission. Geothermal Resources Committee,
Vail, Colorado,. June 14, 1920,

Geothermal Resources Council Annual Meeting, Sait Lake Citwvw. Litah,
September #-11, 1330,

Ztate Courled Resource Assessment Team Meetina, Salt Lake Citwvw. iLltah.,
Zeptember, 1720 (in conjunction with the above GROC aAnn. HMt=.)

American Geophvsical Union, Dekalb, Illineis. November, 1220

Eastern Geothermal Technical Interchanse meeting, Berkeleyw SpPrinas,
West Virainia. November &~7, 1220

Interstate 01l Compact Commission, Geothermal Resources Committees
Oallas, Texac. December 4, 1920,
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ODepartment of Encerayv, Division of Geothermal Enerayv State—-Federal
Geothermal Conference, Scatties, Washinston, Jdanuvarey 26-2%2, 19231,

l.%. Energv Flan II1 Hearing, Kansas Citv, Missouri, April, 1981,

Ztate Coupled Proaram Meetine, Glenwood Sprineas, Colorado, May 4-6, :
1981, %

Flaine States Geothermal Mar Meetina, Boulder, Coloarado, Auaust 31- i
SZeptember 1, 1921, §

Genthnermal Resources Council Annual Meetina, Houston,. Texas, October }
25-29, 19321,

Geothermal Encravw, the Institutional Maze and Itse Changina Structure,
Newport Beach, California, December 1-2, 1931,

American Georhveical bnion Meetine, Zan Francisco, Californias
December, 1731.

Interstate O11 Comract Commission. Geothermal Resources Committes,
Santa Fe. New Mexico, December 7, 1921,

o e e e e e e e e e e e e e

e

ST S

Geaothermal State—Courled Team Conference, Zalt Lake CTitv, Utahs
Arril -3, 19722,

Geathermal Resources of Nebraska, maep workshor, Lincolin, hebracska,
Mawv 24, 1932,

International Conterence on Heat Flow and the Structure of the

s

Lithasrhere, Liblice, Crechoslavakia, May 20 — June 5, 1932,
Symeosium on Geothermal Eneray, Los Alamos, New PMexico, Jdune, 1232,
Interstate D11 Compact Commission, Geothermal Resources Committee,

Columbus, Chio, Jdune 14, 1282,

Goeothermal Resources Council Annwal Mectinae, San Dieoo, California,
October 11-14, 19

Interstate 011 Compact Commission, Geothermal Resources Committee.,
New COrleans, Lowisana, December &, 1732,

fAmerican Geophveical Union. Fall HMeetins,. San Francieco, Californias
December, 19322,

el
Tt w

Geothermal Rescources Council Workshor on Shallow Geathermal Welle,
v Reno. Nevada, Jdanuary 21 - Februarv 1, 193232,
Advisory Committee ta Nebraska Eneray QOffice — Review of Geothermal
Grant Reauests, Lincoln, Nebrazka, May &, 19232,
Interstate Oil ComPact Commission, Geothermal Resaurces Committee,

Tulsa, Oklahoma, June 17 - 21, 12232,
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-~ - MEETINGS SPONSORED - -

L DB m e e e o e e

Meeting with representatives of the Central Great Flains State
Couprled Rescurce Assessment Teams, National COceanic and
AtmospPheric Association. and the Earth Science Laboratory-
Universitv of Utah Research Institute to define and coordinate
data and mars generated from aecthermal contracts, Lincelin,
Nebraska, November 3, 1980,

Briefine session for the Nebraska State Energv Office, Lincoln,
Nebraska, February 6, 1981,

Workshar on the Fotential for Low-Temperature Geothermal Resources
in Nebraska: Lincoln, Nebraska, Mav 24, 1932,
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	An Inventory of Geothermal Resources in Nebraska
	

	Top soil silt gray black-very dark brown
	Silt sandy dark brown
	Sand very fine-medium silty humic
	yellow brown
	Silt slightly sandy paleosol reddish brown
	pale brown pale brown 128.5-130 ft paleosol
	fine sand slightly clayey very pale brown
	sand and manganese staining pale brown
	gray
	Silt trace very fine sand limy brown-green-white
	Sandstone very silty very fine sand greenish gray
	Sand very fine-fine moderately silty reddish brown
	very coarse slightly silty brown
	silty at 537 ft slightly greenish-olive gray-brown-white
	limy white

