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SUMMARY 

I n  September 1 9 8 0 , ; t h e  Oklahoma Geologica l  Survey began a program t o  
assess t h e  geothermal p o t e n t i a l  of t h e  S t a t e .  The program, thus  f a r ,  c o n s i s t s  
of (1) t h e  p r e p a r a t i o n  of a d e t a i l e d  geothermal-gradient map of Oklahoma a t  a 
scale of 1:500,000 and (2) s i t e - s p e c i f i c  i n v e s t i g a t i o n s  of  g r a d i e n t  and sub- 
s u r f a c e  condi t ions  i n  areas t h a t  appear t o  have geothermal p o t e n t i a l .  .. 

P r i o r  t o  t h i s  i n v e s t i g a t i o n ,  t h e  b e s t  a v a i l a b l e  geo thermal-gradient 
map f o r  Oklahoma w a s  prepared by Cheung (1978) as p a r t  of h i s  t h e s i s  i n v e s t i -  c 
g a t i o n  a t  Oklahoma S t a t e  Univers i ty .  
Geo log i s t s '  (AAPG) North American Geothermal P r o j e c t  (1976) provided t h e  d a t a  . 
base f o r  t h e  Oklahoma S t a t e  Univers i ty  work, a l though i n i t i a l l y  t h e  Oklahoma 
Panhandle and n o r t h e a s t e r n  and sou theas t e rn  Oklahoma w e r e  excluded from 
Cheung's s tudy .  Severa l  wel l -cor rec t ion  f a c t o r s  (e.g. ,  m a x i m u m  t i m e  s i n c e  
c i r c u l a t i o n ,  a i r - d r i l l e d  ve r sus  mud-dril led,  and geologic  province)  were 
appl ied  t o  t h e  r a w  d a t a  and t o  e l e c t r i c - l o g  d a t a  i n  o r d e r  t o  
p e r a t u r e  g r a d i e n t .  

The American Assoc ia t ion  of Petroleum 

I n  1981, Cheung gxpanded h i s  geothermal-gradient program t o  inc lude  
t h e  unmapped areas of t h e  S t a t e .  
i n  August 1981. Unfortunately,  temperature  d a t a  f o r  t h e  n o r t h e a s t e r n  and 
sou theas t e rn  p a r t s  of t h e  S t a t e  were n o t  d e t a i l e d  enough t o  complete a 
temperature-gradient  contour  map. 

The mapping f o r  the-Panhandle w a s  completed , 

Two areas where r e c e n t  mapping has  shown t h e  h igh  g r a d i e n t s  (2.1°F110 
f e e t )  w e r e  s e l e c t e d  f o r  d e t a i l e d  s tudy .  These areas are i n  (1) Haskell+. 
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(2) P i t t s b u r g  Counties and are subsequently r e f e r r e d  t o  as t he  Haskell and 
P i t t sbu rg  anomalies. 
water p o t e n t i a l l y  a v a i l a b l e  from s e v e r a l  sandstone u n i t s  f o r  geothermal 
app l i ca t ions .  The Spiro and Cromwell sands were chosen f o r  t h e  Haskell 
anomaly and t h e  Hartshorne sandstone w a s  chosen f o r  t h e  Pgttsburg anomaly. 
We hope similar inves t iga t ions  of subsurface formations can be expanded i n t o  
o t h e r  areas which have r e l a t i v e l y  "high" geothermal grad ien ts .  

W e  estimated volume and d e l i v e r a b i l i t y ' o f  formation 

J 1 
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' t  

A number of attempts have been made t o  map geothermal g rad ien t s  i n  

Oklahoma. McCutchin (1930) recognized a co elation between Oi1-bearing 

a n t i c l i n a l  s t r u c t u r e s  and high geoth 

(1966) prepared a geothermal-gradient map of Oklahoma from corrected bottom- 

hole  temperatures ( f i g .  1). Their study ind ica ted  t h a t  a c t u a l  formation t e m -  

pe ra tu re  could be determined from temperature measurements and the . t ime s ince  

c i r c u l a t i o n  i n  t h e  w e l l  bore,  provided t h a t  c e r t a i n  f a c t o r s  are known, such 

as (1) temperature of t he  d r i l l i n g  mud a t  the  sur face ,  (2) pipe  s i z e ,  (3) 

: 
i 

! 

4 

c i r c u l a t i o n  rate, (4) s'ize of annulus, and ( 5 )  h e a t  c a p a c i t i e s  and thermal 

conduc t iv i t i e s  of t h e  d r i l l i n g  f l u i d ,  d r i l l  pipe,  and country rock. 

hensive study spons 

A compre- 

po r t ion  of t he  r e s u l t i n g  map covering 

prepared ' 

ludes t h e  1981 mapping i n  the  

Several  co r rec t ion  f a c t o r s  were f i g u r e  3. 

c t  a c t u a l  formation temperature 

more accura te ly .  The procedures and methods used t o  develop t h i s  ,temperature 

map ( f igu re  3) are discussed below. 
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CONTOLJk I N T E R V A L  : 0 . 2 q l O O ’  0 100 
MEAN SURFACE TEMPERATURE : 7 4 O  F lllrl 

MILES 

Fig. 1. Geothermal g rad ien t  nap of Oklnlioma (from Schoeppel and Gi l a r r anz ,  
1966).  

a .  

Fig. 2. Geothermal g rad ien t  map of Oklnhoina (adapted from Geothermal 
Gradient Nap of North America, 1.376, see Shel ton ,  1976).  
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Temperature Data 

The most reliable temperature data are derived from bottom-hole-pressure 

tests. Temperature measurements taken from different tests during the produc- 

tion history of a particular well usually vary no more than 2°F from the aver- 

age. 

be the true formation- temperature. However, these data from bottom-hole- 

pressure tests are available only in areas of gas production. 

The average temperature measurement at a certain depth is considered to 

Temperature logs and bottom-hole-temperature determination in air- 

drilled wells are considered to be reliable data. Temperature logs provide 

both continuous temperature measurements and temperature-gradient profiles. 

These two kinds of data are available only for the Arkoma Basin, however. 

The most abundant and readily available temperature data are the bottom- 

hole temperatures measured in mud-drilled wells. 

able, as they usually record temperatures lower than the true formation 

But these data are unreli- 

temperatures because of the cooling effect of the mud. 

A correction factor was determined by comparing the average of the 

bottom-hole temperatures to the reliable temperatures at the corresponding 

depths. The reliable temperatures were determined from temperature readings, 

from pressure tests, temperature logs, and (or) interpolations from reliable 

temperature gradients. For this comparison, western and northwestern Okla- 

homa were divided into shelf and basin areas, and each of these areas was 

subdivided into four smaller areas. 

and average bottom-hole temperatures, plotted according to depth for each 

Differences between reliable temperatures 
c 

small area, suggest a single population. Therefore, a correction curve for 

all the data was determined ( f ig .  4). This curve represents the deviation of 

bottom-hole temperatures from true formation temperatures, and was used in 

this study to correct the temperatures from mud-drilled wells. 
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The c o r r e c t i o n  curve sugges ts  t h a t  a t  depths  between 3,000 and 4,000 

f e e t  bottom-hole temperatures approximate formation temperatures  and t h a t  

d i f f e rences  between t h e  two are as much as.32'F a t  a depth of 10,000 feet. 

Because of s p a r s e  r e l i a b l e  d a t a  a t  depths  g r e a t e r  than  10 ,000-fee t  and the  

occurrence of abnormal p re s su res  a t  those  depths ,  t h e  c o r r e c t i o n  curve cannot 

be determined f o r  depths  g r e a t e r  than  10,000 f e e t .  Correspondingly, t h e  

curve w a s  used t o  c o r r e c t  bottom-hole temperatures f o r  w e l l s  w i th  depths  of  

3,000-10,000 feet .  

Geothermal-Gradient Map 

Temperature-gradient information,  der ived  from one of the 'prev ious ly  

discussed methods, w a s  posted i n  the  center of each township (where d a t a  are 

a v a i l a b l e ) .  These d a t a  were used t o  cons t ruc t  a geothermal-gradient contour 

map f o r  normally pressured  formations i n  Oklahoma, using a contour i n t e r v a l  

of O.lO°F/lOO feet .  

The gene ra l  t e c t o n i c  framework of Oklahoma ( f i g .  5) is  r e f l e c t e d  q u i t e  

w e l l  by t h e  r eg iona l  geothermal-gradient map. The deeper  p a r t  of t h e  Anadarko 

Basin i s  represented  by lower-than-average va lues .  The Ardmore Basin conta ins  

h igher  va lues  than those of t h e  Anadarko Basin,  b u t  gene ra l ly  lower than  those 

of t he  Marietta and H o l l i s  Basins.  

h ighes t  va lues  of any bas in  i n  the  state.  

The Arkoma Basin i s  cha rac t e r i zed  by the  

The low geothermal g r a d i e n t s  of t h e  Anadarko Basin are probably caused 

by the  t h i c k  sedimentary-rock s e c t i o n  and the  i n s u l a t i n g  e f f e c t s  of t h e  

abnormally pressured  Morrow-Springer sands.  The d i s t r i b u t i o n  of abnormal 

g rad ien t s  corresponds gene ra l ly  t o  the  areas of low g r a d i e n t s  on the  reg iona l  

geothermal-gradient map (Cheung, 1979). 
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With the exception of the Arkoma Basin, the,temperature gradient 
t 

increases as depth of basement rock decreases. 

homa Platform exhibits gradients approximately 0.20°F/100 f e e t  higher than the 

F,or example, the Northern Okla- 

gradients of the deeper p a r t  of the Anadarko Basin. 

The Wichita Mountain Uplift  is  ref lected by a prominent geothermal 

anomaly. The westernmost and southernmost pa r t s  of the Ozark Province are out- 

lined by high gradients. The edge of Ouachita Province is characterized by 

re la t ive ly  low values, which defines the southern edge of the Arkoma Basin. 

The high anomaly i n  Osage County apparently r e f l e c t s  the r e l i e f  of the 

basement . 

-. 

< -  

Conclusions 

. 

t ion of the geothermal-gradient map of Oklahoma. 

temperatures from w e l l  logs, i f  corrected properly, are useful i n  mapping geo- 

Several conclusions can be derived from the preparation and interpreta- 

For example, bottom-hole 

thermal gradients. 

basins, are generally ref lected by the gradient anomalies and trends. 

cases, basin anomalies are a re f lec t ion  of sediment thickness and s t ruc tu ra l  

Major tectonic-structural  features  of Oklahoma, such as 

In  most 

complexities. I n  general, geothermal gradients i n  rocks overlying an abnor- 

mally pressured zone are anomalously low, possibly owing t o  r e s t r i c t i o n  of 

heat flow by the abnormally pressured zone. 

DETAILED INVESTIGATIONS s 

Introduction 

Tu0 areas in southeastern Oklahoma, w h e r e  recent mapping has sham some 

of the highest  gradients (2.1°F/100 feet), vere chosen f o r  detai led study 
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Arkoma Basin. 

The Arkoma Basin is  composed 

Pennsylvanian c last ic  rocks, broken by thrust and (or) growth faults  near th 

). The resistant sandstones 

_ _  - -- - - , --- - _. - - - -_ j -  - -  - 

I 

I 

t ic  pattern on the spont 

tinuity over $he 
_. - 

for them to be penetrated and logged by 

__- - - -- 

ion can be calculated. Because of the 

[per sectLon vas ,use 

+.from one we1 
G i  O~..l;l'r:Oirn2 aLd LGC 

s estimated by the 

w equation: 
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Fig. 6. Generalized correlation chart for the Arkoma Basin (modified 
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where A = area drained i n  acres 
B = 7,758 when V is  i n  barrels 
h = thickness i n  f ee t  

r th is  ha6 been 

geophysical logs. 

area inside the,contours was deter- 
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where Q = b a r r e l s  per  day (42 ga l lons /ber re l )  
k = permeability i n  darc ies  
h = i n t e r v a l  thickness i n  f e e t  
Pe = 1 atmosphere i n  p s i  
Pw = formation pressure  i n  p s i  
1.1 = v i s c o s i t y  (1.0) 
re = d i s t ance  from w e l l  bore (669 
rw = rad ius  of w e l l  bore i n  f e e t  

- in  the  s tudy-area .  The i n t e r v a l  thickness is  G e t  a t  20 f e e t ,  Pe i s  equal t.0 

1 atmosphere o r  14.7 p s i ,  v i s c o s i t y  i 

i use of t he  la t ter  va lue  is  standard procedure in  similar types of petmphysi-  

The well-bore rad ius  i s  set a t  5 inches, s i n c e  most of t he 'we l l s  

i n  the  study area have a well-bore d i m e  about 1 0  inches. 
. 

The only v a r i a b l e  remaining i n  t h e  e q u a t i w  is permeabili ty,  which i t3  

dependent on t h e  p a r t i c u l a r  formation copsldered and t h e  formation p res su res  

which are functions of depth. 

cha r t  of empirical  pe t rophys ica l  r e l a t ionsh jp8  developed by Gearhart Indus- 

tries. 

be from a labora tory  ana lys i s  of a core. 

Permeabi l i t i es  can be estimated by using a 

The most accura te  permeabili ty determination t h a t  could be mdde would 

Espec ia l ly  i n  gas-producing zones, 

the  cha r t ' s  accuracy i s  decreased; bu t  f o r  a rough estimate of permeabili ty 

t h e  empirical  c h a r t  i s  s a t i s f a c t o r y .  

A normal hydros t a t i c  g rad ien t  of 0.443 p s i  pe r  f o o t  w a s  used f o r  

ca l cu la t ing  the  formation pressure.  The pressures  may be h igher  i n  some 

areas because of high s a l i n i t i e s  of t h e  form 

c 
Th'e nomograph cap provide a good f i r s t  approximation of i n i t i a l  flow. 

The depth of t h e  formation, t he  permeabili ty,  and t h e  thickness o f '  the fonna- 

t i o n  must be defined i n  order t o  use t h e  nomograph, however. It can be seen 

on t h e  nomograph t h a t  a formation 5,000 f e  ! 
b; ! 

!+ 

25-millidarcy permeabili ty would i n i t i a l l y  1,050 b a r r e l s  of water per  day 

from each 20 f e e t  of t h e  formation. 

I 
t 

I 
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isovolume map. 

isopach map along with average va nd thickness. A summ 

of formation c h a r a c t e r i s t i c s  and ace estimates f o r  the 

Hartshorne, Spiro,  and Cromwell sandstones are l i s t e d  i n  t a b l e  1. 

Furthermore, an estimate can be made over an area by using t h e  

i t i a l  flow of water i n t o  the  bore hole  can be determined by using 
.* 

Darcy's Law. 

appropriate maps (except f o r  permeability). 

ana lys i s  f o r  good permeability data.  

cal petrophysical r e l a t ionsh ips  can be used. 

Values f o r  t h e  va r i ab le s  i n  t h e  equation can be taken from 

It is b e s t  t o  have a laboratory 

For a rough estimate, a cha r t  of empiri- 

Because of t he  uncer ta in ty  involved i n  such ca lcu la t ions ,  s i t e - spec i f i c  

areas which may be considered f o r  geothermal appl ica t ions  should be subjected 

t o  d e t a i l e d  s tud ie s .  Such s tud ie s  would be i n  order so t h a t  an operator could 

estimate the  productive lifetime of a given low-temperature geothermal 

resource. 

f o r  t he  present study are reg iona l  i n  scope and are intended as order-of- 

magnitude assessments. 

E s t i m a t e s  of in-place water volumes and d e l i v e r a b i l i t y  ca lcu la ted  

FUTURE INVESTIGATIONS 

Temperature d a t a  from geophysical logs usua l ly  ind ica t e  geothermal 

r ad ien t s  t h a t  are somdwhat lower than measurements obtained a f t e r  thermal 

equ i l ib ra t ion .  Therefore, a temperature-confirmation program w i l l  be 

i n i t i a t e d  t o  determine the  r e l a t ionsh ip  between temperature da ta  from 

geophysical logs and equ i l ib ra t ion  temperatures. Then w e  can a s c e r t a i n  (1) 

I 

the  magnitude of t h e  v a r i a t i o n  and (2) whether t h e  v a r i a t i o n  is  systematic. 
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I f  t he .  d i f f e rence  between geophysical-log temperature and t r u e  temperature is 

systematic, i t  may be poss ib l e  t o  make a standard co r rec t ion  t o  t h e  geothermal- 
’ 

- g r a d i e n t  map i n  order  t o  ob ta in  

Should t h e  d i f fe rence ,  however, 

physics o r  geologic province, c o r r e c t i o n - f a c t o r s  w i l l  be 

complicated. 

’. 

The temperature-conf irmation program w i l l  c o n s i s t  of two 

r e t r i e v a b l e  and r e t r i evab le .  ’The . f i r s t  system involves t h e  co 

I .. 

t ing of temperatures i n  recent ly  abandoned o i l  and (or) gas test ho le s  f o r  a 
f 

period of several months. A temperature sensor w i l l  be a t tached  t o  a 7- 

4 conductor cable and lowered i n t o ’ a n  abandoned borehole t o  depths t o  a depth of 

500 feet. 

making t h i s  i n s t a l l a t i o n  somewhat permanent. 

w i l l  continuously record t h e  temperature d a t a  on a c a s s e t t e  tape. 

w i l l  be r e t r i eved  once a month and processed a t  t he  Oklahoma Geophysical 

Observatory. 

obtained from geophysical logs.  

w i l l  enable us t o  assess e q u i l i b r a t i o n  va r i a t ions .  

anomalies are t h e  p r i n c i p a l  t a r g e t  areas. 

Concrete w i l l  be added t o  the top 30 feet of 

A 10-channel analog d a t a  logger 

The tape  I Time-temperature d a t a  w i l l  be compared wi th  temperature d a t a  

The d i f f e rence  between t h e  two temperatures 

The P i t t s b u r g  and Haskell 

We plan  t o  i n s t a l l  several sensors 

i n  r ecen t ly  d r i l l e d  abandoned o i l  and (or) gas w e l l s  d r i l l e d  i n  t h e  t a r g e t  

1 areas. Thus f a r ,  almost every o i l  and gas w e l l  r ecen t ly  d r i l l e d  in t h i s  

region has been productfve. 
r 

The second system w i l l  use a r e t r i e v a b l e  temperature probe t o  perform c 
t he  temperature-assessment ‘work. A temperature sensor w i l i  be a t tached  t o  a 

3,00O,-foot 4-conductor logging cahle.  A D.C.-powered h o i s t  w i l l  be used t o  

raise and (or) lower t h e  temperature pro&e. A d i t i g a l  voltmeter can be used t 
, - .  i L, i 

i 
t o  measure vol tage  v a r i a t i o n s ,  which can be converted t o  temperature measure- 

. .  ments. I 
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incipclrly i n  aban 

during the l a s t  . lo years. urface plug, generally 30 to  50 feet thick, \ 

Then the temperature probe w i l  

barehole to  depths between 700 and 1,200 feet. Generally the depth 

I 

I 

1 

1 i 
I 

1 

1 
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