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GEOTHERMAL INVESTIGATIONS I N  NEBRASKA: METHODS AND RESULTS 

> 

In t roduc t ion  

A t  the  i n c e p t i o n  of t h e  geothermal resource  assessment program i n  

Nebraska t h e r e  w a s  some skept ic ism about t h e  ex i s t ence  -of any geothermal 

resources  wi th in  t h e  state,  Now a f t e r  two yea r s  of s tudy  and c o l l a b o r a t i o n  

with o t h e r  workers i n  t h e  geothermal f i e l d  we f i n d  t h a t  about  two- th i rds  of 

t h e  state has  access t o  a p o t e n t i a l  low-temperature r e source ,  

of t h e  resource  is w a r m  water i n  l a t e r a l l y  ex tens ive  a q u i f e r s  which are 

o v e r l a i n  by t h i c k  ( > 1 k m )  s e c t i o n s  of l o w  thermal  conduc t iv i ty  sediments .  

For most of t h e  r e source  area t h e  high temperatures  i n  the  a q u i f e r s  r e s u l t  

The n a t u r e  

from high temperature  g r a d i e n t s  i n  t h e  ove r ly ing  s h a l e s .  

n o r t h c e n t r a l  and far western parts of t h e  state t h e r e  is evidence f o r  con- 

vec t ive  hea t  f low due t o  updip water f low i n  the  a q u i f e r s ,  

program has r e s u l t e d  from t h e  syn thes i s  of h e a t  f low and tempera ture  g rad ien t  

measurements wi th  s t r a t i g r a p h i c  and l i t h o l o g i c  data, 

methods used and t h e  r e s u l t s  obta-ined du r ing  the s tudy .  

Methodology. 

The gene ra l  p l a n  of t h e  resource assessment has  been t o  a c q u i r e  h e a t  

However, i n  t h e  

The success  of t h e  

T h i s  p p e r  describes t h e  

flow and subsur face  temperature  d a t a  and t o  synthes ize  t h e s e  d a t a  with 

o t h e r  geologica l  information.  

t h e  basis of o u r  i n t e r p r e t a t i o n  of e x i s t i n g  data on t h e  thermal  regime of 

Nebraska. 

repro3uced he re  f o r  r e fe rence  (Figure 2) .  

Heat f low s i tes  (Figure 1) were s e l e c t e d  on 

The publ i shed  l i t e r a t u r e  are summarized by Gosn0ld(lg80 a) and are 

I n  a d d i t i o n  t o  publ i shed  l i t e r a t u r e  
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data from tempera ture  logs  made i n  a number of  water t a b l e  obse rva t ion  wel l s  

(Figure 1 ) were a l s o  used i n  t h e  s e l e c t i o n  of hea t  f low s i t e s .  Th i r t een  of 

t h e  h e a t  f low s i t e s  are loca ted  i n  a r e a s  ind ica t ed  as having anomalous sub- 

su r face  tempera tures  by t h e  AAPG-USGS geothermal g rad ien t  map of  North 

America (AAPG-USGS, 1976). 

t e n  s i t e s  are on o r  n e a r  t h e  Chadron-Cambridge Arch. 

a n  a r e a  suspec ted  of having  anomalous subsur face  tempera tures  by in fe rence  

from a geothermal g r a d i e n t  map of  South Dakota(Schoon and McCregor, 1974). 

Seven s i t e s  are on o r  near  t h e  Nemaha Ridge and 

Three s i t e s  a l s o  inc lude  

The g e o l o g i c a l  s e t t i n g  of  Nebraska i s  t h a t  of a stable c o n t i n e n t a l  

platform,  

from about 300 m i n  t h e  no r theas t  t o  greater than  3000 m i n  t h e  west, and t h e  

s t r a t i g r a p h y  is r e l a t i v e l y  well known (Condra and Reed, 1959). 

s t r u c t u r a l  features  cannot  cause widespread convect ive h e a t  t r a n s f e r ,  t hus  

The r e l a t i v e l y  f l a t - l y i n g  sedimentary veneer  ranges  i n  th i ckness  

The known 

conductive h e a t  f l o w  is considered t o  be t h e  primary f a c t o r  i n  t h e  thermal  

s t r u c t u r e  of  t h e  upper  c r u s t  beneath Nebraska. 

I n  a conduct ive regime subsurface temperatures  are determined by t h e  hea t  

f low and t h e  thermal  c o n d u c t i v i t i e s  of t h e  l i t h o l o g i c  u n i t s  p re sen t .  

knowledge of t h e  h e a t  f low, s t r a t i g r a p h y ,  and thermal  c o n d u c t i v i t i e s  allows 

c a l c u l a t i o n  o f  subsurface temperatures  and provides  a means f o r  e s t i m a t i n g  

t h e  geothermal r e source  p o t e n t i a l ,  The gene ra l  scheme is  shown i n  F igure  3 

where hea t  f low de termina t ions  a t  two sites are used t o  e s t ima te  subsurface 

temperatures  i n  t h e  r eg ions  The p m c t i c e  of 

p r o j e c t i n g  tempera ture  g rad ien t s  beyond measured dep ths  is t h e o r e t i c a l l y  v a l i d  

Thus 

between ana below t h e  s i tes .  

i n  conduct ive regimes if the  thermal  c o n d u c t i v i t i e s  of t h e  s t r a t i g r a p h i c  s e c t i o n  

are known. Never the less  it is b e s t  t o  v e r i f y  temperature  g r a d i e n t  . p ro j ec t ions  
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with equi l ibr ium tempera ture  measurements i n  deep wells. 

of ou r  i n v e s t i g a t i o n  is t h e  measurement of  deep-well temperature  g r a d i e n t s  

e s p e c i a l l y  t h o s e  n e a r  populated r eg ions  where t h e  geothermal r e source  may 

be exploiked. 1 

An e s s e n t i a l  component 

P r o j e c t i o n  of  a p o t e n t i a l  geothermal resource  by t h i s  method r e q u i r e s  

us ing  t h e  h e a t  f low,  thermal  conduc t iv i ty ,  and s t r a t i g r a p h i c  d a t a  t o  produce . 

a subsurface tempera ture  map. Then the  temperature  contours  are superimposed 

on s t ructure  con tour s  of t h e  a q u i f e r s ,  and those  r eg ions  which s a t i s f y  

c r i t e r i a  f o r  a low-temperature resource  are def ined  by t h e  i n t e r s e c t i n g  

the 

contour  l i n e s .  

Resul t s .  

A t o t a l  of 28 wells were completed f o r  hea t  f low and tempera tures  were 

recorded t o  t h e  n e a r e s t  0.01 K a t  5 m i n t e r v a l s  with a t h e r m i s t o r  probe. 

Bulk c o n d u c t i v i t i e s  of d r i l l  c u t t i n g s  from nine of  t h e  wells were measured 

a t  t h e  Southern Methodist  Un ive r s i ty  Geothermal Laboratory,  and porous rock 

c o n d u c t i v i t i e s  were c a l c u l a t e d  u s i n g  t h e  method of S a s s  e t  a l . ,  (1971 a ) .  

The remainder of t h e  d r i l l  c u t t i n g  samples are be ing  processed f o r  measurement 

later.  Estimates of thermal  c o n d u c t i v i t i e s  . i n  t h e  remaining wells were made 

on t h e  basis of l i t h o l o g y  and known c o n d u c t i v i t i e s  t o  a l low p re l imina ry  

hea t  f low c a l c u l a t i o n s  (Table 1) f o r  t h e  resource  assessment .  

prel iminary h e a t  f l ow va lues  have been reduced from previous  estimates 

(Gosnold, 1980a, 1980b) t o  conform wi th  new d a t a  on t h e  thermal  conduc t iv i ty  

of sha le s  i n  t h e  Midcontinent (Blackwell  e t  a l . ,  1981). 

Some of t h e  

Heat f low v a l u e s  f o r  most o f  t h e  state range from 38 mWm-2 t o  67 mWm-2 

and f a l l  wi th in  expected va lues  f o r  a s t a b l e  p la t form with only  conduct ive 

hea t  f low,  However l a r g e  areas of anomalously high h e a t  f low appear  t o  e x i s t  

c 
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drs 
i n  t h e  no r th  c e n t r a l  s e c t i o n  and i n  t h e  panhandle west of  t h e  Chadron- 

Cambridge Arch, 

convect ive h e a t  f low wi th in  deep a q u i f e r s .  

are p o s t u l a t e d  t o  account f o r  t h e  h e a t , f l o w  anomalies.  

These high h e a t  f low areas are i n t e r p r e t e d  t o  be due t o  

Two s e p a r a t e  convec t ive  systems 

One system u n d e r l i e s  t h e  no r th  c e n t r a l  p a r t  of Nebraska and t h e  south  

The w a r m  water i n  t h i s  system may en te r  t h e  cen t r a l  p a r t  of South Dakota. 

Dakota Group through a subcrop connect ion with t h e  Madison a q u i f e r  i n  South 

Dakota and f l o w  wi th in  t h e  Dakota Group through t h e  h igh  h e a t  f low zone. 

W a r m  waters are known i n  numerous wells p e n e t r a t i n g  t h e  Madison and t h e  Dakota 

i n  South Dakota(Schoon and McGregor, 1974) and 1 2  water wells i n  Boyd County 

Nebraska produce w a r m  water from t h e  Dakota Group(Souders, 1976). A f lowing  

w e l l  a t  Lynch Nebraska produces water a t  28OC a t  about  570 1 min-l and was 

fo rmer ly  used t o  f i l l  t h e  c i t y  swimming pool .  

f low inc rease  from east t o  west i n  t h e  h igh  h e a t  f low zone sugges t ing  t h a t  t h e  

sou rce  area f o r  t h e  w a r m  water may l i e  t o  t h e  w e s t .  

Temperature g r a d i e n t s  and h e a t  

A s e p a r a t e  convect ive system i s  p o s t u l a t e d  t o  account  f o r  t h e  h igh  h e a t  

f low west of t h e  Chadron-Cambridge Arch. 

on t o p  of t h e  Dakota from Volk (1972) and shows a conf igu ra t ion  that could  

cause  a n  ex tens ive ,  convect ive h e a t  f l ow anomaly between t h e  a r c h  and t h e  

Denver-Julesburg Basin.  

western Nebraska from Condra, Reed, and S c h e r e r  (1950) i n d i c a t e  t h a t  sub- 

s u r f a c e  tempera tures  should be h igh  due t o  great t h i c k n e s s e s  of low-conduct ivi ty  

s h a l e s .  

probably account  f o r  t h e  subsur face  temperature  p z t t e r n s  i n  t h e  area (F igures  

6 a,b, & c ) .  

i n  Figure 6 d. 

g i v e s  

F igu re  4 is  a s t r u c t u r e  contour  map 

S t r u c t u r a l  c r o s s  s e c t i o n s  (F igu res  5 a &b ) i n  

The coupled effect  of  t h e  t h i c k  s h a l e  u n i t s  and updip wa te r . f low 

The r e s u l t s  of a f i n i t e - d i f f e r e n c e  h e a t  f low model are shown 

An updip flow o f  water i n  t h e  Dakota a t  a rate of 1 m p-' 

hea t  f l ow and subsurface temperature  p r o f i l e s  t h a t  are c o n s i s t e n t  wi th  
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t h e  e x i s t i n g  data. The r e s u l t s  of t h e  hea t  f low data do not  c o n t r a d i c t  

t h e  p r e d i c t i o n s  of high hea t  flow by Swanberg and Morgan( 1979) ,- i n  fact  

t h e  r e s u l t s  provide an explana t ion  f o r  t h e  s i l i ca  geothermometry anomaly. 

Both zones which show evidence of ,convect ive he'at f low w i l l  be included 

i n  o u r  scheme of p r o j e c t i n g  subsur face  temperatures  on t h e  basis o f  

conduct ive h e a t  flow model. 

a 

We can do t h i s  because t h e  convect ing zones 

are the  a q u i f e r s  under ly ing  t h e  Cretaceous s h a l e s  and-we see no problem wi th  

p r o j e c t i n g  temperature  g r a d i e n t s  down t o  t h e  t o p s  of t h e  a q u i f e r s .  

The data have been synthes ized  t o  produce a temperature  contour  map f o r  

a dep th  of 1 km (Figure 7).  

r e sources  i n  Nebraska, and it does delineate r eg ions  which o v e r l i e  p o t e n t i a l  

low tempera ture  thermal  waters. A f u t u r e  ve r s ion  of t h e  map w i l l  have 

s t r u c t u r e  con tour s  f o r  t h e  w a r m  -water -bear ing a q u i f e r s  and temperature 

contours  f o r  t h e  a q u i f e r s ,  

This  map is  o u r  first a t t empt  t o  d e f i n e  geothermal 

We b e l i e v e  t h a t  t h e  second ve r s ion  w i l l  c l e a r l y  

d e l i n e a t e  p o t e n t i a l  resource areas by showing t h r e e  p i e c e s  of information,  i . e . ,  

t h e  l o c a l i t y  of t h e  resource ,  t h e  dep th  t o  t h e  r e source ,  and t h e  temperature  

of t h e  r e source .  We suggest  t h a t  t h i s  approach is a s i g n i f i c a n t  improvement 

over  r e c e n t  a t t empt s  t o  r ep resen t  geothermal r e sources  i n  t h e  Midcontinent.  

Examples of  comparisons between shal low-well  t empera ture  g r a d i e n t s  and 

The broad sca t te r  bottom hole  temperature  d a t a  are shown i n  F igu res  8 & 9. 

i n  t h e  BHT data is  a ubiqui tous  phenomenon and casts doubt on t h e  use fu lness  

of  those  data. However, as a large d a t a  s e t ,  t h e  BHT data a r e  use fu l  f o r  

i d e n t i f y t i n g  areas which may k v e  anomalous temperatures .  

Concluding Remarks. 

I n  a stable c o n t i n e n t a l  in te r i ror  t h e  s y n t h e s i s  of h e a t  f low data with 

s t r a t i g r a p h i c ,  and thermal  conduc t iv i ty  d a t a  i s  h igh ly  e f f e c t i v e  i n  explor ing  

6 f o r  low temperature  geothermal r e sources  on a r e g i o n a l  scale, An e f f e c t i v e  

192 
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, 
method of p r e s e n t a t i o n  of  t h e  r e source  i n  map form i s  t o  d e l i n e a t e  t h e  

r e source  area wi th  shading,  i n d i c a t e  t h e  depth  t o  t h e  resource  with contour  

l i n e s ,  and i n d i c a t e  t h e  temperature  of t h e  resource  with ano the r  s e t  of 

con tour  l i n e s .  > 
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Locality 
Name 

-t' 

rd 
al c 
$ 

I Bennet 

Fremont 

Oakland 

O'Neil l  

E l k  Creek 

LibeAy 

S t e l l a  

Table Rock 

Union North 

0, 

w c  
5 2 
2 c  
2 2 

2; 
Bayard 

Lisco 

Sidney 

B i g  Springs 

Gothenburg 

Cross Ranch 

Rothwell Ranch 

Milldale Ranch 

Cordon 

rtushville 

White Clay 

Hay Springs 

Whit ne y 

Latitude Longitude 
North West 

400 3a.4' 960 30.8' 
40' 15.9' 96' 11.0' 

40' 3.0' 96' 27.5' 

40' 11.2' 95' 50.0' 

40' 9.1' 96' 4.6' 
40' 51.4' 95' 48.9' 

40° 46.2' 95' 59.6' 
41' 29.5' 96' 33.4' 

41' 49.5' 96' 27.3' 
42' 26.2' 98' 39.0' 

42' 13.8' 97' 2.5' 
42' 58.8' 99' '1.4 '  
42' 57.8' 99' 42.4' 
42' 9.1 '  100' 30.3' 
40' 57.6' 100' 34.4' 
40' 47.2' 100' 20.5' 
41' 36.4' 101' 48.2' 
4 t0  46.7' 101' 40.9' 

41' 39.7' 101' 28.7' 
42' 54.9' 102' 12.3' 

42' 36.7' 102' 12.3' 
42' 47.4' 102' 39.4' 
42' 34.2' 102O 38.9' 
42' 45.3' 103' 16.4' 

41' 49.7' 103' 17.0' 
41' 25.1' 102' 33.5' 
41' 8.2' 102' 56.1' 
41' 4.2' 102' 5.9' 

Gradient Depth 
( K  km-1) Interval  
0 

28 

32 
30 
30 
18 
20 

23 
15 
9 

50 
62 
86 

109 
64 
27 
30 
P 
47 
49 
48 

38 
48 

45 
66 

60 

47 

52 
59 

10-1 50 
200-240 
120-145 
60-80 

140-155 
120-125 

75-60 
60-115 

75-140 

105-150 
65-1 15 
10-155 
10-145 
25-150 
45-225 
10-235 

L 

200-570 

270-570 
240-470 
10-185 

120-200 

10-35 
10-235 
10-153 

90-153 
10-1 89 
20-1 80 

10-135 

Conductivity Heat Flow 
( U m - 1 K - l )  Rock (mum-2) 

Type 

2.4 

3.3  
1 .7 
1.8 

3.0  

2.9 
2.4 
4.2' 

4.2' 

1.1' 

1 .I' 
1.1' 

1.1' 

2.2' 
2.2' 
2.2' 
1 .l* 

1.1' 
1 e l '  

1 .7' 
I.? 
1.7 
1 .7 
1.7" 
2.2f 
2.2' 

2.2' 
2.2' 

LS 
Do 

Ls+Sh 
Ls+Sh 

Gr 

L s  

Ls 
ss 
ss 
Sh 

Sh 

Sh 

Sh 

Sa+Si 

S a 6 1  

S a 6 i  

Sh 

Sh 

Sh 

S i t c l  

Sitcl ' 

SI421 

Sitcl 
Sitcl 
Sa+Si 

S a 6 1  

S a 6 1  

S a 6 i  

67 
106 

51 
9 
P 

. 58 
55 
63 

38 
55 
68 
95 

120 

145 
59 
66 

59 
52 
54 
82 

65 
82 

77 
112 

,I32 
103 
111 

130 

Table I. Preliminary heat flow data in Nebraska. Estimated conductivities are indicated 
by (9). Rock type key: 
Sa = sand, Si = silt, C1 = clay, Cr = granite. 

Ls = limestone, Do = dolomite, Sh = shale, Ss = sandstone, 
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Figure 1. 
have been measured. 

Locations of hea t  f low s i tes  and o t h e r  wells where temperature g rad ien t s  



O n  

150 n 

1 oo 1 ooo 

Tu 

Kpdr Kn 

01 

TU- Grad. = 21 O C / k m  

2km 

> 1000 1 oo 1 ooo 

T-D P l o t  f o r  site # l  T-D P l o t  f o r  deep well T-D P l o t  for s i te  # 2  

Tertiary U n i t s  
K = 2.4 U/m/K 

Cretaceous Shales 
K = 1.1 W/m/K 

Cretaceous Dakota 
Croup. . K  =k21S/m/X 

J u r a s s i c  Sha les  
K = 1 . 1  W/m/K 

Pa leozo ic  Carbonates 
K = 2.9 W/m/K 

Precambrian 
Granite & Gneiss  
K = 3.1 U/m/K 

10 km 

Figure 3.  
Isotherms are contoured on the  b a s i s  of  known heat f low,  s t r a t i g r a p h y ,  
and thermal  conduct iv i ty .  
where t h e  p o t e n t i a l  resource is w a r m  water i n  the sandstone a q u i f e r s  of 
t h e  Cretaceous Dakota Group. 

Temperature p r o f i l e  i n  a conductive thermal regime. 

The s e c t i o n  is t y p i c a l  of western Nebraska 



Figure  4. S t r u c t u r e  c o n t o u r  map o f  t he  Dakota group from Volk,(1972). 
Datum is sea level .  
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Figure 5 .  S t r u c t u r a l  c r o s s  s e c t i o n s  
i n  western Nebraska from Condra, Reed, 
and Scherer  (1950). 
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l oca t ions  of' cross  s e c t l o n s  from Condra, Reed 
and Schercr(l950) .  and loca t lons  of heat flow 
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UYOMINC and temperature gradient data.  
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Figure  6 a. 
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Figure 6 b. 
recorded a t  a depth  o f  500 m. 

Hand con tour s  of tempera tures  
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Figure  6 c .  
recorded a t  a depth  of 1000 m.  

Hand con tour s  of temperatures  F igure  6 d .  Hand contou,rs of tempera tures  
a t  a depth  of 1000 m p r e d i c t e d  by a f i n i t e  
d i f f e r e n c e  model of  h e a t  f low with updip 
convect ion a t  1 m y r - l  i n  t h e  Dakota Group. 
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Figure 7. 
hea t  f low d a t a  with s t r a t i g r a p h i c  and thermal conduct ivi ty  da t a .  

Temperature contours a t  a depth of I km as i n f e r r e d  from a syn thes i s  
The d o t s  

‘are hea t  f low si tes,  
I 
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