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ABSTRACT 

C r i t i c a l  long-range (two-year) t es ts  o f  
Gul f Coast geopressured-geothermal reservoi  r s  
are scheduled t o  begin i n  1981. I f  these tes ts  
demonstrate t h a t  the reservo i rs  can produce hot 
water f o r  extended periods of t ime (15-20 
years), then commercial exp lo i t a t i on  o f  t h i s  
resource could begin l a t e  i n  t h i s  decade. 
Since these geopressured reservo i rs  are much 
deeper than the  hydrothermal reservo i rs  i n  the 
western states,  more cap i ta l  investment per 
we l l  i s  required. This paper explores the 
boundaries w i t h i n  which commercial i n t e r e s t  
may be economically j u s t i f i e d .  

INTRODUCTION 

Commercial exp lo i t a t i on  o f  some of the 
hydrothermal reservoirs i n  western states o f  
the U.S. has been successful f o r  many years. 
I n  fact ,  commercial ac!ivity i s  being acceler- 
ated as the  p r i c e  o f  f o s s i l  f ue l s  increases. 
By contrast ,  however, there has been no commer- 
c i a l  attempt up t o  t h i s  t ime t o  e x p l o i t  the 
geopressured-geothermal reservoi  r s  of the 
Louisiana-Texas Gulf  Coast. One reason i s  t h a t  
the resource base has no t  y e t  been adequately 
explored. Another reason i s  t h a t  production 
we l ls  a re  much deeper (and hence more cos t l y )  
than i n  the  western states.  U n t i l  some long- 
term t e s t s  have been successful ly demonstrated on 
a t  l e a s t  one we l l  t o  supply evidence of poten- 
t i a l l y  l ong  l i f e ,  the resource w i l l  probably no t  
be exp lo i t ed  commercially. 

The p r i n c i p a l  purpose o f  t h i s  paper i s  t o  
suggest t he  broad boundaries w i t h i n  which the 
resource might prove economical l y  a t t r a c t i v e  t o  
business investors.  

d r i l l e d .  
term; about 10 - 20 days. The l a t t e r  i s  done a t  
s i t e s  c a r e f u l l y  selected i n  advance which are 
presumed t o  be we1 1 -sui ted f o r  geopressured- 
geothermal energy production over a long per iod  
of time; about 12 - 24 months. 

Tests a t  these s i t es  are usua l ly  short-  

The desi  gn we1 1 s are extremely important, 
f o r  they w i l l  ( i f  successful) g ive  strong cre- 
dence t o  the  p o s s i b i l i t y  o f  a 15 - 20 year 
rese rvo i r  l i f e .  The economics o f  the resource 
p r e t t y  w e l l  d i c ta te  a minimum o f  a 15 year l i f e  
t o  a t t r a c t  i n d u s t r i a l  i n te res t .  

A t  l e a s t  three design we l ls  are due t o  come 
on stream f o r  long-term tes ts  dur ing  1981. 
are: (1)  Sweet Lake No. 1 i n  Cameron Parish, 
Louisiana, (2) Pleasant Bayou No. 2 i n  Brazor ia 
County, Texas, and (3 )  Sweezy No. 1 i n  Vermi l ion 
Par i  sh , Loui s i  ana. 

These 

ECONOMIC QUESTIONS 

U n t i l  t he  probable l i v e s  o f  t he  geopressured- 
geothermal aqui fers have been def ined w i  t h  reason- 
able l i m i t s ,  a l l  attempts a t  economic study must 
be based on speculat ion about t h e  probable l i f e .  
Related technology from o i l  and gas production 
has made the  fo l low ing  assumptions qu i te  reason- 
able: 

1. D r i l l i n g  and completing we l ls  i n t o  the 
geopressured zone i s  technical  l y  
feasible.  

2. Water production o f  20,000 t o  40,000 
Bar re l  s/Day can be expected. 

3. Numerous aqui fers o f  ho t  s a l t  water 
do ex i s t ,  containing dissolved 
na tura l  gas essen t ia l l y  a t  satu- 
r a t i o n  (1). 

STATUS OF RESOURCE DEVELOPMENT 

The Department o f  Energy i s  cu r ren t l y  push- 
i n g  two programs f o r  f i e l d  evaluat ion o f  the 
geopressured-geothermal resource i n  the Gulf 
Coast. These programs are designated “We1 1 s-of- 
Opportunity“ and “Design Wells“. The former i s  
done i n  co l labora t ion  w i t h  an o i l  o r  gas oper- 
a to r  who i s  about t o  abandon a w e l l - s i t e  j u s t  

The fo l low ing  economic questions are 

1. What are some reasonable boundaries fo r  
caapi t a l  investment t o  rea l  i ze s a t i  s- 
factory re tu rn  on investment? 

addressed i n  t h i s  paper: 
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2. What range of consumer costs of energy 
can a f fo rd  sa t is fac to ry  re tu rn  on 
investment? 

It i s  we l l  t o  p o i n t  ou t  t h a t  the resource i s  
s t i l l  i nsu f f i c i en t l y  developed t o  warrant "sharp 
penc i l "  and h igh ly  re f i ned  economic study. A lso 
i t  i s  worth not ing t h a t  most o f  the p r i o r  studies 
have been done on the assumption t h a t  e l e c t r i -  
ca l  power generation i s  the primary use for a 
given geothermal source. Typical  of these i s  the  
study by Wilson e t  a1 . (2).  A paper by Geer and 
Sharer was concerned w i t h  the  economics o f  re-  
covering the gas values on ly  from the geo- 
pressured aqui fers (4). This study i s  l i m i t e d  
t o  non-electr ic appl icat ions,  t h a t  i s ,  low- 
l eve l  process heat, space heating and cool ing, 
and s i m i l a r  appl icat ions,  u t i l i z i n g  heat values 
from both gas and br ine.  

WHY NON-ELECTRIC APPLICATIONS ARE IMPORTANT TO 
I 

Prel iminary f i e l d  tes ts  made by DOE t o  date 
have turned up very fewoaquifers w i t h  tempera- 
tures greater than 300 F. The average tem- 
perature o f  geopressured, aqui fers i n  Louisiana 
between 10 000 and 20,000 f e e t  i s  probably 
about 275 'F. 

A " r u l e  o f  thumb" breakpoint f o r  generat- 
i n g  e l e c t r i c i t y  from geothermal f l u i d s  i s  about 
300 O F  minimum (3). 
wise t o  fo rge t  e l e c t r i c a l  power generation and 
make plans t o  u t i l i z e  the  resource i n  non- 
e l e c t r i c  appl icat ions,  as i s  now being done 
extensively i n  Oregon, Idaho, and Nevada. 

Below 300 OF i t  i s  probably 

I n  general, temperatures increase i n  geo- 
pressured zones as one t rave ls  from the 
Miss iss ipp i  River along the Gu l f  Coastl ine t o  the 
Mexican border. 
Texas than i n  the  Miss iss ipp i  Delta. Conversely, 
the  permeabi 1 i t y  increases i n  the opposite 
d i rec t ion .  For t h i s  reason there are probably 
more s i t e s  o f  po ten t ia l  commercial i n t e r e s t  i n  
South Louisiana than i n  South Texas. The 
Loui siana aqui f e rs  w i l l  be more 1 i ke ly  exp lo i  t e d  
by non-e lec t r i c  uses than by e l e c t r i c a l  power 
generation appl icat ions.  I f  aqu i fe rs  of s u f f i -  
c i e n t l y  high permeabi l i ty  can be found i n  South 
Texas ( i .e.  greater than 100 m i l l i da rc ies ) ,  i t  i s  
probable t h a t  b r ine  temperatures o f  about 350 OF 
can be located i n  some of those areas. 

The deposits are o lder  i n  South 

ASSUMPTIONS 

The fo l low ing  assumptions were used as a 
basis f o r  ca lcu la t ing  sales revenue, operating 
costs, n e t  income, cash flow, re tu rn  on inves t -  
ment, and payout. 

1. A geothermal s i t e  on dry land w i t h  4 supply 
we l ls  and 5 disposal wel ls.  

3. 

4. 

5. 

Br ine r e j e c t  temperature i s  130 OF. 

Average b r ine  flow i s  30,000 B/D. 

Average gas/water r a t i o  i s  30 SCF/Bbl. 
(No excess gas). 

6. L i f e  o f  supply we l l s  i s  18 years. 

7. A l l  sensible heat i n  the b r ine  between 270 OF 
and 130 OF i s  u t i l i z e d .  

8. Value o f  energy i n  the br ine  i s  equal t o  the  
value o f  energy i n  the gas. 

9. The supply we l ls  produce from aqu i fe rs  a t  
15,000 ft. depth. 

10. The b r ine  i s  disposed of i n  sands a t  4000 ft. 
depth. 

11. Density o f  b r i ne  i s  8.8 lbs. /gal lon.  

12. HHV of gas i s  950 BTU/SCF. 
* *  

13. Consumer p r i c e  o f  heat energy i s  1.45 times 
the we1 1 -head p r i c e  . 

14. Corporation tax  on ne t  income i s  50%. 

15. Severance tax  on natural  gas (well-head) i s  
l O & / l O O O  cubic fee t .  

16. Severance tax  on sensible heat i n  b r ine  
(well-head) i s  lO&/mi l l ion  BTU. 

17. The venture acts as a s e l l e r  o f  energy t o  
customers . 

RESULTS 

Using the assumptions l i s t e d  e a r l i e r ,  and 
the  data from Tables 1, 2 and 3, r e t u r n  on 
investment can be calculated by well-known pro- 
cedures. Payout i s  a lso  calculated by standard 
procedures. 

Figure 1 summarizes the a f te r - tax  re tu rn  on 
investment (ROI) a t  values o f  energy i n  the  range 
of 4 t o  7 d o l l a r s  per m i l l i o n  BTU. The income, 
of course, includes the  sale of both gas and 
b r ine  heat. The consumer pays the same p r i c e  f o r  
BTUs i n  e i t h e r  source. The parameter i s  c a p i t a l  
investment i n  the range o f  20 m i l l i o n  t o  40 
m i  11 i o n  do l la rs .  

Figure 2 sumnarizes the r e s u l t s  of t he  ca l -  
cu la t ions  o f  payout fo r  the same range of energy 
Val ues and cap i ta l  investment. 

. 

Based on the assumptions used here, t he  
amount o f  heat energy i n  the ho t  b r i ne  i s  roughly 
tw ice  as much as the heat energy i n  the  dissolved 
na tura l  gas. 

2. Br ine  supply temperature i s  270 OF. 

7 18 



Karkal i t s  

CONCLUSIONS 

1. For a t o t a l  investment of 25 m i l  l i o n  
d o l l a r s  (base case), a 20% af ter - tax r e t u r n  on 
investment can be rea l i zed  a t  energy values o f  
$4.80 per m i l l i o n  BTU, o r  higher. 

2. Even i f  c a p i t a l  investment f o r  the 
four-wel l  p lan t  i s  as high as 40 m i l l i o n  
dol lars ,  the f a c i l i t y  w i l l  show a payout i n  5 
years, o r  less, a t  a l l  values of energy i n  
excess o f  $5.00 per m i l l i o n  BTU. 

3. Entrepreneurs wishing t o  u t i l i z e  the 
geopressured-geothermal resources o f  the Gulf 
Coast should probably th ink  i n  terms o f  non- 
e l e c t r i c  appl icat ions of the heat contained i n  
the  hot  br ine.  

4. Assuming the  br ine i s  on l y  saturated 
w i t h  natura l  gas ( L e . ,  there i s  no excess gas 
above saturat ion)  , the  geopressured-geothermal 
resource cannot be economically exp lo i t ed  i f  
the  b r i n e  i s  discarded and only  the  energy from 
the gas i s  u t i l i z e d .  
there i s  roughly twice as much sensible heat 
energy i n  the br ine as there i s  i n  the  gas f o r  
t y p i c a l  aqui f e rs  . 

This i s  t r u e  because 
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Table 1 

BASE CASE CAPITAL, MILLIONS OF DOLLARS 

4 Supply Wells a t  $5.6 MM each . . . . . $22.40 

5 Disposal Wells a t  $0.25 MM each . . . . 1.25 

Surface Separation Equipment . . . . . . 0.80 

Br ine Treat ing Equipment . . . . . . . 0.55 
~ 

Total Base Case Capital  . . . . . . . $25.00 

Table 2 

FIXED COSTS 

(Costs Unchanged by Sales o r  Cap i ta l )  

I tem - 
Direc t  Labor 

Supervision 

Dol 1 ars/Year 

600,000 

60,000 

Payro l l  Burden (9%) 59,400 

La bora t o r y  40 , 000 

U t i 1  i t i e s  

Insurance 

Of f i ce  and Secretary 

Travel Expenses 

Sales and Admin is t ra t ive 

22 , 000 

22,000 

17,000 

12,000 

200 , 000 

Severance Tax 90 , 000 

Total Annual Fixed Costs $1,122,400 

Table 3 
VARIABLE COSTS 

A. Tied t o  Capi ta l  
1. Maintenance a t  2.5% of 

c a p i t a l  investment 
2. Depreciat ion a t  10% of 

c a p i t a l  investment 

8. Tied t o  Sales Volume 
1. Royal ty a t  25% of we l l -  

head value (gas o r  b r i ne )  
2. Well-head p r i c e  o f  gas o r  

b r i n e  i s  69% of consumer 
p r i c e  
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