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SUMMARY 

of the first three years geothermal research in Neb 
I 
1 are encouraging in their promise for the discovery and development of low- 

temperature geothermal resources and from the standpoint of scientific value. Ve 

have developed a sucessful method for geothermal exploration and we have disco- 

vered extensive low-temperat osi ceous age rocks that 

underlie a total area of about 107,000 km2 and contain about 1000 X 1018 J of 

stored energy. Our heat, flow data.indicate zones of large-scale, slow flow in 

uifers. This discovery of deep aquifer flow patterns by surface heat 

id flow has important implicatio for both geothermics and hydrology. The heat 

d J  

flow data also  indicate some areas of high heat flow that may be due to high 

radibactive heat generation in the Precambrian crystalline rocks. If our preli- 

aJ minary interpretations of these .data are verified it will have a significant 

impact on geothermal exploration in the continental platform. 

!he of the origi 

tion wells. Our pre- 

gradient patterns indi- 

rmal regime, and th B 

1 
J 

d 
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The state legislature has passed geothermal legislation (LB 708) that defines Jv, 
‘ 4  

and provides for the regulation of geothermal resources and, (LB 799) to provide 

$100,000 in state funds to the Nebraska Energy Office for developme 

state’s geothermal resources. 
Q 

OUTLINE OF THE GEOTHERMAL RESOURCE ASSESSMENT PROGRAM 

The Department of Energy (DOE) State Coupled Program with Nebraska commenced in 

1979 with the following three tasks: (1) Compile and evaluate the BHT data on 

file at the Conservation and Survey Division. ( 2 )  Drill about 30 shallow (150 - (  

m) heat flow holes. ( 3 )  Produce a 1:500,000 scale map showing the geothermal 

resource areas of the state. ‘In 1981 the project was modified and extended for 

two years and a total of seven research tasks were defined including the three 4 

original tasks. The additional tasks are: (4) Analyse the BHT data heat flow 

data, deep well temperature data, and produce computer software to aid in the 

intepretation of the BHT data. ( 5 )  Produce a 1:500,000 scale map of the resi- 

dual Bouguer gravity field of Nebraska. ( 6 )  Prepare reports for four substate 

regions based on geothermal potential and population density. (7 )  Disseminate 

information within the state and to other DOE contractors. -An eighth task that 

deals with reporting to DOE is also included in the present contract. 

1 

CURRENT PROJECT STATUS 
I 

I 
Task 1: More that 14,000 data sets are recorded on disk in the Conservation 

and Survey Division’s mini-computer and on magnetic tape in th 

main computer network. The data stored include: Well location, drilling date, 
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44 w e l l  e l eva t ion ,  e€evat ion  of Kelley Bushing, t o t a l  depth,  bottom hole  tern-',, 

pera ture ,  mud temperature, time elapsed between c i r c u l a t i o n  and logging, 

information on 'formation tops. , Rased the  cur ren t  rate of explora t ion  and 

lppment d r i l l i n g  about 400 new da ta  poin ts  a t  3 

These new da ta  are added to  the  da 

and G a s  Commission and a compu 

a s  they a r r i v e  from the  Nebraska O i l  

esigned t o  iden t i fy  erroneous da t a  is  

I 
lyses  of the BHT d a t a  are i n  progress  

I 
I ermal gradient  map derived from the  BHT data 

t h i s  summer. 

r )  

Task 2: "wen n completed s p e c i f i c a l l y  f o r  hea t  flow 

reported by Gosnold and Eversol l ( l981)  

. Heat flow estimates have been made 

J 

we s t e r n  Nebras trate up to  1800 m o f  

st  of  Nebraska ranges from 40 mW m-* 

vious heat  flow s t u d i e s  

972 mbs and Simmons, 

.I 

ver  two Late ra l ly  ex tens ive  areas with hea t  J 

f l o w  as high as 120 mW m-2 (Figure 1) &e anomalous 

previous conventional hea t  flow s tudies .  The high hea t  f l o w  i n  the  Nebraska 
# 

t t r i b u t e d  to  updi u i f e r s  i n  t h e  Denver-Julesburg 

1, 1981). Tern ture-depth p lo t s  f o r  t he  e i g h t  d 

wel ls  t h  ncrease i n  te'mperature grad ien t  a10 
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lines perpendicular to the structure contours of the Cretaceous age Dakota Group 

(Figure 21, and data on the potentiometric surface of the Dakota Group indicate a 
northeastward gradient in the panhandle area (D. Jorgenson, U.S.G.S. Lawrence, ' 

KS, personal communication). This discovery of probable flow in a deep aquifer 

by surface heat flow measurements is significant for both heat flow and hydrolo- 

gic studies. Previous heat flow studies have identified anomalously low heat 

flow zones such as the Eureka Low (Lachenbruch and Sass, 1977) and the'snake 

River Plain (Brott, et. &, 1981) that are due to hydrologic phenomena, This 

case appears to be similar to that of the Snake River Plain in that lateral 

water flow is causing the heat flow anomaly. However in the case of western 

Nebraska an updip component to the flow causes a heat flow high. 

. The high heat flow in north central Nebraska was also attributed to updip 

water flow in the Dakota on the eastern side of the Kennedy Basin. However a 

temperature profile obtained in a 500 m section of a 750 m oil exploration well 

drilled in November, 1981 shows no break in temperature gradient below the 

Dakota Group. Two possible explanations for the high heat flow that remain are 

c 

1 

that updip flow is occurring in one or more of the Paleozoic units below the 

logged interval or that the basement rocks have high amounts of radioactive heat 

generation. This question may be answered when the well is logged to total ( 

depth during the summer of 1982. 

r 
Task 3: The geothermal resources map of Nebraska is in press and will be i 

available for distribution on May 24, 1982. The geothermal resources map is a 

synthesis of bottom-hole temperatures, temperature gradients, heat flow, thermal 

I 
I 

G 
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uconductivity data, d stratigraphy. Most of th data were collected specifi- \, 
\ 

tally for assessing Nebraska's geothermal resource Additional information was 

acquired from open-f i le .published reports of the Conservation and Survey 

I 

J 

d 

Division, Un iver s it y o f Neb raska-Linco In. 

A major premise of this s hesis is that in a conductive thermal regime 

subsurface .temperatures are determined by the heat flow and the thermal conduc- 

tiviries of th'e lithologic units present. Thus, where stratigraphy, thermal 

conductivities, and heat flow are known the subsurface temperature can be calcu- 

lated 'for a specified depth 

ethodology in Nebraska were as 

follows. Hea sites and more than 100 tem- 

pera dient measurements defined the thermal regime of the state. The 

subsurface geology is relatively well known (Condra and Reed, 1959) and is not 

structurally complicated (Carlson, 1969). The thermal conductivities of all 

c t, measurement or by calculation 

from heat flow and temperature gradient le temperatures measured 

s were ca 

deep-well data exist and stratigraphy was inferred from the closest data. 

Control point locations are shown in' Figure 3. Subsurface temperatures were 
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c 
w calculated for the sandstones of the Dakota Group (Cretaceous) which constitute 

a widespread aquifer system in much of the Great Plai The region within . . 

which the aquifer satisfies the U.S. Geological Survey requirements for a low- ’ *  

temperature geothermal resource (Reed and Sorey, 1981) lie west of the dashed 4 

line in Figure 4. ,hother potential resource is the Madison Group 

(Mississippian) which is a geothermal aquifer in South Dakota (Schoon and . 

McGregor, 1974; Martinez, 1981) and underlies a small section of northwestern c 

Nebraska, Predicted temperatures on top of the Madison Group in Nebraska are on 

the order of 60 to 70 Deg. C. This region is represented by cross hatching in 

Figure 4. The total area included in the identified resource area is 

107,000 b2. The amount of stored energy in the Dakota group is estimated to be 
. 

on the order of 1000 X 10l8 J. The estimate is based on an assumed thickness of 

100 m and a temperature drop of 15 Deg. C. for the waters extracted from the 

formation. 

Task 4: The gravity map is in preparation by Carlos Aiken at the University 1 

of Texas at Dallas. The Bouguer correction to the gravity data will be made 

using the best available data on the densities of the rocks in Nebraska that lie 

between the land surface and the geoid. This correction should give a more 

accurate representation of the gravity field than the standard approach of 

assuming a uniform density of 2.67 g cm-3 for two reasons. First there are no 

rocks in the correction zone which have densities as high as 2.67 g cm-3; second 

there are lateral density changes in eastern Nebraska where the Cretaceous and 

I 

Paleozoic rocks crop out. 
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, Task 5: Acqui brium temperature data i 

nificantly influence 

BHT data. Comparisons between equilibrium temperature logs and 

the reported BHT data are gure 5. In genera 

underestimate the formation temperatures and the degree of underestimation 

increases with depth. The wide range of temperatures found in the BHT data for 

a small geographical area were first believed to be due to seasonal differences 

in mud temperatures; but a comparison of mud temperatures to BHT's shows no 

correlation (Figure 6 ) .  We plan to aquire many more equilibrium tempefatures 

from shut-in deep wells during the upcoming field season and we will continue to 

pursue the plan of finding an acceptable correction for the BHT data. 

Task 6: The exploration methodology described in Task 3 is being used on 

all potential aquifers in four substate regions that roughly divide the state 

into four parts. The potential uses of the identified resources ar 

lysed by personnel in the Economic Geography group at the University 

Task 7: Considerable input from the Nebraska research te 

vided t o  t o  the Nebraska State rgy Office and to the state legislature during 

the current legislative sessi The state legislature has passed two bills 

pertaining tor geothermal energy. L8 708 defines the geothermal resource as a 

mineral and provides for its regulation. LB 799 is a more general energy bill 

that provides $100,000 in state funds to the Nebraska Energy Office for develop- 

ment of the geothermal resource. A number of newspaper reports on the research 
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project have appeared during the past three years; and the Nebraska Educational 

Televis ion Network has produced two programs on the project.  

a l s o  provided a considerable amount of information for a possible geothermal 

The state team has . 

ins ta l la t ion  a t  Western Nebraska College i n  Scottsbluff .  i 

i 

b 

1 
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b $ 2 0 - 1 4 0  

hi& heat flow zone i n  north cen t r a l  Nebraska i s  discussed i n  t h e  text. 
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Figure 2. 
wells are given i n  t h e  loca t ing  c i r c l e s .  
f o r  the  Dakota a re  given i n  meters with datum as mean sea l eve l .  
The a rea  of the enlarged map is shaded i n  t h e  map above. 
See Figure 5 
wells. 
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F i g u k  4, 
ident i f ied geothermal resource area f o r  the  Dakota Aquifer. 
the  resource area f o r  the  Madison Aquifer. 

Geothermal data on Nebraska. The region west of the  dashed l i n e  comprises the  
The cross-hatched region comprises 
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Figure 6 .  
Symbols are the Same as Figure 5.  

Comparison of Bottom Hole temperatures t o  MUD temperatures. 
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