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ABSTRACT TABLE 1 

A ca l cu la t ion  technique was developed t o  
eva lua te  t h e  economic p o t e n t i a l  of a geopressured 
a q u i f e r  f o r  numerous condi t ions t h a t  could al low 
t h e  expo l i t a t ion  of t h i s  unconventional gas re- 
source.  This technique allows f o r  t he  evaluat ion 
of both we l l s  d r i l l e d  with the  s o l e  i n t e n t  of 
producing t h e  geopressured resource and of unsuc- 
c e s s f u l  conventional hydrocarbon wel ls  completed i n  
geopressured in t e rva l s .  The ca l cu la t ion  technique 
al lows a l s o  f o r  t h e  considerat ion of d i f f e r e n t  
water d i sposa l  methods and d i f f e r e n t  t a x a t i o n  
schemes. 

The technique was appl ied t o  a t y p i c a l  Gulf 
Coast geopressured aqu i f e r .  From t h i s  app l i ca t ion  
i t  is apparent t h a t  f o r  c e r t a i n  l i k e l y  condi t ions 
t h e  conversion of an unsuccessful conventional 
hydrocarbon well  i n t o  a geopressured b r ine  we l l  is 
economically f eas ib l e ,  provided t h a t  any a s soc ia t ed  
environmental and l e g a l  problems can be overcome. 

INTRODUCTION 

Numerous massive, geopressured water bear ing 
strata containing dissolved na tu ra l  gas e x i s t  i n  
t h e  c o a s t a l  a r eas  of Louisiana and Texas. ' These 
strata c o n s i s t  of sands with some interbedded 
sha le s .  While t h e  areal ex ten t  of these geopres- 
sured a q u i f e r s  is considerable.  The degree of sand 
con t inu i ty  within these  a r e a s  is uncertain.  Indi-  
v idua l  sands are known t o  s h a l e  out or  be cu t  by 
small s p l i n t e r  f a u l t s .  

P r o p e r t i e s  considered t y p i c a l  of p o t e n t i a l l y  
product ive aqu i f e r s  a r e  summarized i n  Table 1. 

The gas  concentrat ion seems extremely low when 
compared t o  the gas content  in most l i qu id  hydro- 
carbons under pressure.  However, because of t h e  
tremendous volume of water present ,  t he  t o t a l  gas  
content  i n  a p a r t i c u l a r  prospect can be q u i t e  
l a rge .  I n  a study made by t h e  National Petroleum 
Council '  on some of t h e  many geopressu,red prospects  
i n  t h e  Gulf coast  a r e a ,  i t  was estimated t h a t  
e leven of t h e  b e s t  prospects  contained approxi- 
mately 6.7 t r i l l i o n  cubic  f e e t  of gas. 

TYPICAL, AQUIFER 

Depth 
P res su re  Gradient 
Temperature Gradient 
Areal Extent 
Net Sand Thickness 
G a s  S o l u b i l i t y  
Poros i ty  
Permeabi l i ty  
Water Visoci ty  
Water Density 
Avg. Water Comp. 

CHARACTERISTICS' 3 

10,000-20,000 f t  
0.7-0.9 p s i / f t  
1.5°F/100 f t  
2,600-10,400 Acres 

20-40 SCF/BBL 
100-500 f t  

0.10-0.25 
2.0-100.0 md 
0.2-0.3 CP 
8.7-8.9 ppg 
2-10 x psi-' 

AVAILABLE OPTIONS FOR GEOPRESSURED 
ENERGY PRODUCTION 

A t  b e s t  geopressured aqu i f e r s  conta-ining 
dissolved gas can be considered a marginal resource 
a t  c u r r e n t  gas p r i c e s ? ,  4~ ' S  Because of t h e  
marginal na tu re  of t h i s  resource optimal a q u i f e r  
condi t ions and production methods must be found i f  
there  is t o  be a chance f o r  a company t o  p r o f i t a b l y  
develop a geopressured aqu i f e r .  

Numerous d i f f e r e n t  s i t u a t i o n s  t h a t  could al low 
aqu i fe r  production may become a v a i l a b l e  t o  an 
i n t e r e s t e d  company. The first s i t u a t i o n  is c a l l e d  
the  geopressured wel l  case. This is t h e  case  i n  
which t h e  well is d r i l l e d  f o r  t h e  s o l e  purpose of 
producing from a geopressured aquifer .  The second 
s i t u a t i o n  is c a l l e d  t h e  dry hole  case. This is t h e  
s i t u a t i o n  i n  which a wel l  intended t o  produce deep 
conventional hydrocarbons is  found t o  be dry and is 
completed i n  a geopressured aquifer .  The t h i r d  
s i t u a t i o n  is c a l l e d  t h e  marginal ho le  case. I n  
t h i s  s i t u a t i o n  a wel l ,  d r i l l e d  f o r  conventional 
hydrocarbons, is logged and found t o  have a hydro- 
carbon zone of quest ionable  product ivi ty .  The w e l l  
is completed i n  t h i s  zone and proven t o  be uneco- 
nomical. The wel l  can then be recompleted i n  t h e  
geopressured aqu i f e r .  

From t h e  po in t  of view of a company i n t e r e s t e d  
i n  the  development of a geopressured aqu i f e r ,  t h e  
d i f f e r e n c e  i n  t h e  t h r e e  s i t u a t i o n s  t h a t  would al low 
aqu i fe r  production occurs i n  t h e  c a p i t a l  c o s t  
assigned t o  the  well  f o r  t he  purpose of eva lua t ing  
the economic p o t e n t i a l  of t h e  aqu i f e r .  
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Once i t  is determined t h a t  a wel l  w i l l  produce 
from a geopressured aqu i f e r ,  a method must be 
chosen f o r  the d i sposa l  of t h e  l a r g e  volume of 
produced water. Three d i f f e r e n t  water d i sposa l  
methods may be considered: ( 1 )  r e i n j e c t i o n  of 
produced water through a s i n g l e  we l l  i n t o  a deep 
formation (depth g r e a t e r  than 5,000 f t ) ;  ( 2 )  re in-  
j e c t i o n  of produced water through more than one 
wel l  i n t o  shallow formations (depth less than 5,000 
f t ) ;  and (3) su r face  d i sposa l  of t h e  produced 
water. 

The taxes  imposed by t h e  government on the  
income received from t h e  geopressured a q u i f e r  w i l l  
a l s o  have an impact on t h e  economic p o t e n t i a l  of 
t h i s  resource.  Two d i f f e r e n t  t a x a t i o n  schemes a r e  
considered i n  t h i s  study. The f i r s t  method of 
taxat ion is t he  t axa t ion  scheme t h a t  is normally 
applied t o  t h e  production of conventional hydro- 
carbons. The second t axa t ion  method is a scheme 
which contains  an incen t ive  designed t o  encourage 
geopressured aqu i f e r  development. 

Numerous tax Incent ives  have been proposed f o r  
t he  geopressured resource.  ' One such incen t ive  is 
a tax c r e d i t  based on the  volume of produced natu- 
ral gas. I n  t h i s  s tudy a c r e d i t  of 50C/MCF is used 
a s  the  t ax  incent ive.  50$/MCF is t h e  c r e d i t  pro- 
posed a t  one time by the  Senate ve r s ion  of t h e  
Energy Tax A c t  of 1978. 

ESTIMATION OF PRODUCTION RATE FROM A 
GEOPRESSURED AQUIFER 

The economic a n a l y s i s  of a p r o j e c t  r equ i r e s  a 
reasonable es t imat ion of its f u t u r e  revenue. I n  
most cases,  t echn ica l  problems put a s ide ,  t h e  
optimal revenue schedule w i l l  b e  such t h a t  as much 
of t he  p o t e n t i a l  revenue w i l l  be recovered i n  as 
shor t  a time as possible .  A revenue schedule of 
t h i s  nature  w i l l  tend t o  maximize t h e  present  value 
of a project .  For t h e  case of production of gas  
from a geopressured aqu i f e r ,  t h i s  optimal schedule 
can be obtained by flowing the  we l l  a t  its maximum 
r a t e  f o r  a constant  su r f ace  pressure.  This maximum 
r a t e  dec l ines  continuously with time. 

McMullane and Quitzaug developed a c a l c u l a t i o n  
technique t o  p red ic t  t h e  r e l a t i o n s h i p  -between flow 
r a t e  and t i m e  f o r  a constant  s u r f a c e  pressure.  For 
t h i s  r e l a t ionsh ip ,  flow r a t e  w i l l  dec l ine  i n  a 
continuous manner as time passes .  The technique 
developed approximates t h i s  d e c l i n e  with a s e r i e s  
of decreasing flow r a t e s  t h a t  a r e  each maintained 
f o r  a s e t  time i n t e r v a l .  

THE ECONOMIC POTENTIAL OF A 
GEOPRESSURED PROSPECT 

I n  t r y i n g  t o  determine t h e  economic f e a s i b i l -  
i t y  of d p a r t i c u l a r  venture ,  a measurable parameter 
which is an ind ica t ion  of economic p o t e n t i a l  must 
be defined. In  t h i s  s tudy n e t  p re sen t  va lue  was 
chosen a s  t h e  b a s i s  f o r  determining economic poten- 
t ia l  because i t  considers  t he  time value of money, 
and it is app l i cab le  t o  s i t u a t i o n s  i n  which r i s k  
and unce r t a in ty  a r e  s i g n i f i c a n t  f ac to r s .  Net 
'present value is t h e  n e t  sum of a l l  present  and 
f u t u r e  cash flows discounted t o  cu r ren t  time using 

t h e  average opportunity r a t e  of th? dpveloping 
company. 

Since a l l  cash flow is discounted, a ne t  
present  value g r e a t e r  than zero i n d i c a t e s  t h a t  t h e  
prospect  of i n t e r e s t  would y i e l d  a r a t e  of r e tu rn  
g r e a t e r  than t h e  company's average opportunity 
r a t e .  A company would s t rong ly  consider  develop- 
ment of such a prospect i f  s u f f i c i e n t  funds a r e  
ava i l ab le .  A n e t  present  value l e s s  than zero 
i n d i c a t e s  t h a t  t he  rate of r e t u r n  of t h e  p ro jec t  is 
l e s s  than t h e  average opportuni ty  r a t e  of t h e  
company. Such a p ro jec t  would not normally be 
undertaken. 

THE UNCERTAINTY OF PARAMETERS USED TO 
CALCULATE NET PRESENT VALUE 

For a p a r t i c u l a r  prospect,  accu ra t e  values of 
a l l  t h e  parameters needed can be d i f f i c u l t  t o  
obtain.  Many unknown and unforseeable  f a c t o r s  
a f f e c t  cos t  parameters. It is d i f f i c u l t  t o  accu- 
r a t e l y  know t h e  rock and f l u i d  p r o p e r t i e s  i f  only a 
few we l l s  have penetrated t h e  a q u i f e r .  

A t  be s t ,  a range of poss ib l e  values  of each 
parameter can be estimated. For a l a r g e  company 
t h a t  is consider ing the  undertaking of numerous 
s i m i l a r  p r o j e c t s ,  t h i s  s i t u a t i o n  lends i t s e l f  t o  
t h e  use of Monte Carlo s imulat ion as a technique 
f o r  es t imat ing n e t  present  va lue  of a prospect.  

THE ESTIMATION OF ECONOMIC POTENTIAL FOR A 
TYPICAL GEOPRESSURED PROSPECT 

The c a l c u l a t i o n  technique was appl ied t o  t h e  
Southeast  Pecan Is land prospect i n  sou th  Louisiana. 
The da ta  used i n  t h i s  app l i ca t ion  is summarized i n  
Tables  1, 2, and 3. 

It was shown by McMullan a t h a t  t h e  water 
production from a geopressured a q u i f e r  is heavi ly  
dependent on t h e  a r e a l  extent  of t h e  aqu i f e r .  The 
area covered by many geopressured prospects  is 
known t o  be q u i t e  large.  However, t h e  a c t u a l  
e x t e n t  of t he  a r e a  is uncertain.  Estimates of 
a q u i f e r  area vary widely. The presence of s p l i n t e r  
f a u l t s  and t h e  p o s s i b i l i t y  of sand d i scon t inu i ty  
a r e  the  primary causes f o r  t h e  unce r t a in ty .  

Because of the  wide va r i ance  of poss ib l e  
va lues ,  t h ree  d i f f e r e n t  ranges of a r ea  were used: 

Small area 640-2560 a c r e s  
Intermedtate  a rea  1280-5120 a c r e s  
Large a rea  2560-10240 ac res .  

The r e l a t i o n s h i p  between n e t  p re sen t  value and 
gas  p r i c e  was calculated f o r  d i f f e r e n t  poss ib l e  
combinations of production condi t ions.  These 
r e s u l t s  a r e  summarized i n  Figures 1 ,  2 ,  3, and 4: 
A set of base production cond i t ions  can be consid- 
ered t o  i l l u s t r a t e  the impact of t h e  d i f f e r e n t  
product ion s i t u a t i o n s .  The base condi t ions are:  
( 1 )  dry hole case;  ( 2 )  shallow d i sposa l  of water; 
(3) normal t axa t ion ;  and ( 4 )  i n t e rmed ia t e  aqu i f e r  
area. 
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w 
a m  
a 0  

TABLE 2 

FIXED PARAMETERS 

t I I I I 

Working I n t e r e s t  
Royalty 

Average Opportunity Rate 
Format ton Water Denst t y  

Water Formation Volume Factor 
Depth of Production Tubing 

Wellbore Radius 
Production Tubing I D  

Tubing Roughness 
Flow€ng Wellhead Pressure  

Ad Valorem Tax 

w a 
Q g7 

* 100% 
= 0% 
= 15% 
= 8.75 l b / g a l  
= 1.05 BBL/STB 
= 17,200 f t  

= 4.90 in .  
= 0.00065 

= $31,50O/yr 

0.375 f t  

= 500 p s i  

I I I I 

TABLE 3 

CAPITAL COST AND OPERATING EXPENSES 

Tangible C a p i t a l  Costs 

Geopressured D r i l l i n g  
Conventional D r i l l i n g  
Comp l e t  ton  
Recompletion 
Production F a c i l i t i e s  
Deep Disposa l  F a c i l i t i e s  
Shallow Disposa l  

F a c i l i t i e s  
Sur face  Disposal 

F a c i l i t i e s  

In t ang ib le  Cap i t a l  Costs 

Geopressured D r i l l i n g  
Conventional D r i l l i n g  
Completion 
Recomp l e t  ion  
Production F a c i l i t i e s  
Deep Disposa l  F a c i l i t i e s  
Shallow Disposal 

F a c i l i t i e s  
Sur face  Disposal 

Operating Expenses 

Normal Opera t ing  Cost 

Deep Disposa l  Cost 

Shallow Disposa l  Cost 

Sur face  Disposa l  Cost 

( $ / V I  

($/bbU 

(S/bbl) 

($/bbl) 

Maximum 
Value 

833,000 
674,800 

1,088,000 
25,000 
547,000 

1,631,900 

676,000 

377,200 

4,609,000 
3,733,500 
910,000 
644,000 
215,000 

2,76 1,400 

2,400,000 
150,000 

60,000 

0.1423 

0.0536 

0.0120 

Minimum 
Value 

614,433 
497,800 
750,000 
18,000 
350,000 

1,019,900 

400,000 

341,300 

3,128,000 
2,533,800 
650,000 
450,000 
110,000 

1,935,100 

1,700,000 
75,000 

36,000 

0.1068 

0.0402 

0.0090 

Figure 1 shows t h e  impact of t he  production 
well s i t u a t i o n  on economic p o t e n t i a l .  The marglnal 
and dry ho le  cases  r e s u l t  i n  n e t  present  va lues  
s i g n i f i c a n t l y  g r e a t e r  than t h e  geopressured w e l l  
case. The marginal ho le  case y i e l d s  n e t  present  
va lues  s l i g h t l y  higher than t h e  dry hole  case. 

For t h e  marginal and dry ho le  cases  t h e  gas 
p r i c e s  requi red  f o r  the prospect t o  have a p o s i t i v e  
n e t  present  va lue  a r e  near t h e  upper range of 
cu r ren t  gas sale pr ices .  For t h e  geopressured well 
case,  gas p r i c e s  i n  excess of $15/MCF are required 
t o  y i e l d  a p o s i t i v e  ne t  present  value.  

The impact of d i sposa l  method on economic 
p o t e n t i a l  is i l l u s t r a t e d  i n  Ftgure 2. High c a p i t a l  
and opera t ing  c o s t s  cause t h e  deep r e i n j e c t i o n  
method t o  y i e l d  ne t  present va lues  f a r  l e s s  than 
t h e  o ther  two d isposa l  methods considered. The 
very low c a p i t a l  and opera t ing  c o s t s  of t h e  su r face  
d i sposa l  method r e s u l t  t n  t h e  h ighes t  n e t  p resent  
values of t he  t h r e e  methods s tudied .  

SHALLOW DISPOSAL 
NORMAL TAXATION - INTERMEDIATE AREA 

+ 

w 
Z GAS PRICE ($/McF) 

FIGURE 1: EFFECT OF PRODUCTION WELL 
e SITUATION ON ECONOMIC POTENTIAL 

8 DRY HOLE CASE sap NORMAL TAXATION 
J 6' INTERMEDIATE AREA 

c 
W m  

DEEP DISPOSAL 

W 
2 GAS PRICE ( $ / M C F )  

FIGURE 2: EFFECT OF DISPOSAL METHOD 
ON ECONOMIC POTENTIAL 

The e f f e c t  of t h e  tax incen t ive  on t h e  eco- 
nomic p o t e n t i a l  I s  shown i n  Figure 7. I n  t h i s  
s i t u a t i o n  i t  appears t h a t  t h e  incen t ive  used has  
only a s l i g h t  p o s i t i v e  e f f e c t  on t h e  economic 
po ten t i a l .  
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Figure 8 shows t h e  e f f e c t  of t he  d i s t r i b u t i o n  

of area on economic p o t e n t i a l .  As expected t h e  n e t  
present  va lue  inc reases  s i g n i f i c a n t l y  as t h e  a rea  
increases .  

- e  
.- -SHALLOW DISPOSAL 
c a’ DRY HOLE CASE 

.- INTERMEDIATE AREA 
- 

w 
2 GAS PRICE ( $ / M c F )  

FIGURE 3: EFFECT OF PRODUCTION WELL 
#+ SITUATION ON ECONOMIC POTENTIAL z 
J DRY HOLE CASE 
J aq SHALLOW DISPOSAL 5 a’ NORMAL TAXATION 

s 

E l  
22 72 6 IO 14 18 

GAS PRICE <$IMcn 
FIGURE 4: EFFECT OF DISPOSAL METHOD 

ON ECONOMIC POTENTIAL 

CONCLUSIONS 

(1) It appears t h a t  t h e  development of geo- 
pressored a q u i f e r s  w i l l  not  be economically f easi- 
b l e  i n  t h e  near f u t u r e  i f  production we l l s  a r e  
d r i l l e d  f o r  t he  s p e c i f i c  purpose of producing from 
t h e  aqu i f e r .  However, r e s u l t s  i n d i c a t e  t h a t  t h e  
conversion of unsuccessful conventional hydrocarbon 
we l l s  t o  geopressured b r i n e  we l l s  may be economi- 
c a l l y  advantageous, provided l e g a l  and environmen- 
t a l  problems can be overcome. For these cases  t h e  
gas p r t c e  required t o  y i e l d  a p o s i t i v e  n e t  p re sen t  
va lue  t o  a company can be within t h e  range of 
cu r ren t  gas  s a l e s  pr ices .  

(2) The high c a p i t a l  and operat ing c o s t s  of 
using deep d i sposa l  methods can g rea t ly  reduce t h e  
economic p o t e n t i a l  of a prospect.  Shallow r e i n j e c -  
t i o n  o r  su r face  d i sposa l  of produced water can 
r e s u l t  i n  a s i g n i f i c a n t l y  higher  economic p o t e n t i a l  
than obtained 
be undertaken 
t a l  problems. 

using deep disposal .  E f fo r t s  should 
t o  resolve any associated environmen- 

(3) The economic po ten t i a l  of a geopressured 
prospect  is s i g n i f i c a n t l y  a f f ec t ed  by a r e a l  ex ten t .  
However, r e s u l t s  obtained f o r  c e r t a l n  s i t u a t i o n s  
using a r e a s  similar t o  those cu r ren t ly  drained by 
some conventional gas wel ls  i nd ica t e  a p o s i t i v e  n e t  
present  va lue  f o r  gas p r i ces  near  t he  upper l i m i t  
of cu r ren t  gas s a l e s  pr ices .  

(4) The t ax  c r e d i t  of 50C/MCF used i n  t h i s  
s tudy as an incen t ive  r e su l t ed  i n  only a s l i g h t  
i nc rease  of n e t  present  value f o r  a t y p i c a l  geo- 
pressured prospect.  A t a x  c r e d i t  g r e a t e r  than 
5OC/MCF o r  a d d i t i o n a l  t ax  incent ives  should b e  
considered by government i n s t i t u t i o n s  i n  o rde r  t o  
s i g n i f i c a n t l y  inc rease  the  a t t r a c t i v e n e s s  of t h e  
geopressured resource.  
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