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ABSTRACT 

This  paper evaluates t h e  technica l  poten- 

t i a l ,  the energy balance, and the economics o f  
r e i n j e c t i  ng produced b r i n e s  i n t o  geopressure- 
geo t herma 1 aqu i f e r  s . 

paper shows t h a t  70% t o  100% o f  the power 
requirements o f  deep r e i n j e c t i o n  can be met by 
e x t r a c t i n g  the thermal and k i n e t i c  energy from 

t h e  produced geopressure-geotherrna 1 brines. 
Moreover, the technica l  l y  recoverable methane 
resource could be increased up t o  twenty t imes 
b y  r e i n j e c t i n g  the br ines  i n t o  the producing 

format ion.  F i n a l l y ,  t h e  r e i n j e c t i o n  o f  b r ines  
would reduce the p o t e n t i a l  f o r  enviromnental 
damage. 

Re in jec t ing  t h e  produced br ines  could 

enable geopressured a q u i f e r s  t o  become economic 

as r e a l  energy pr ices  increase, since t h e  
system i s essenti  a1 l y  1 ndependent o f  outs ide 

purchased power. A t  t h e  present t ime however, 
because o f  high costs  and r i s k ,  the economics 

o f  geopressured aqu i fe rs  are not  favorable. 

The engineering study summarized i n  t h i s  

v o i r  energy i s  on ly  s u f f i c i e n t  t o  produce 1% t o  
3% o f  the water in-place, a v iab le p r o j e c t  

requ i res  g i a n t  r e s e r v o i r s  o f  three cubic  m i l e s  
o r  more, con ta in ing  over 3 b i l l i o n  b a r r e l s  o f  
water i n-pl ace. 

One way o f  increas ing the  a t t rac t i veness  o f  
the geopressured aqu i fe rs  i s  t o  use the  asso- 
c i a t e d  thermal and k i n e t i c  energy t o  r e i n j e c t  

the b r i n e s  back i n t o  the producing aqu i fe rs  
(Kuuskraa & Harnrnershaimb, 1980). Th is  can be 
i mpor t a n t  bec aus e : 

-- I t  can lead t o  much higher recovery 
e f f i c i e n c y  o f  the methane, and g r e a t l y  
expand the  nmber o f  economically produ- 
c i b l e  reservo i rs .  

-- The environmental e f fec ts ,  such as sub- 
sidence, would be minimized. 

--  The use of the thermal and k i n e t i c  power 
would reduce o r  e l im ina te  the need t o  

purchase outs ide power f o r  r e i n j e c t i o n .  

INTRODUCTION RESERVOIR PRODUCTION AND REINJECTION 

The m a j o r i t y  o f  prev ious s tud ies on  t h e  F ive  r e s e r v o i r s  were selected f o r  t h i s  
economics o f  producing methane from geopres- ana lys is  t o  represent a shallow geopressured, a 

sured br ines  have concluded t h a t  the  resource deep geopressured, and a n  u l  tra-deep geopres- 

i s  uneconomic because o f  h igh  c a p i t a l  costs, sured r e s e r v o i r  i n Texas; and a shallow geo- 

unproven technology, and t h e  small net  energy pressured and a deep geopressured r e s e r v o i r  i n 
g a i n  associated w i t h  o n l y  captur ing the Louisiana. The r e s e r v o i r  parameters f o r  the 

d isso lved methane. Further, since the  reser-  f i v e  sample reservo i rs  are shown on Table 1. 
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Production from the  geopressured r e s e r v o i r s  
was modelled, assuming a square r e s e r v o i r  w i t h  

a p roduc t ion  w e l l  i n  the  center  o f  the  square 
and one deep i n j e c t i o n  we1 1. 

Ter ra  Tek provided t h e  r e s e r v o i r  enginee- 

r i n g  evaluat ion,  which included d e r i v a t i o n  o f  
geopressured product ion wellhead condi t ions,  
ana lys is  o f  i n j e c t i o n  power requirements, and 

p o t e n t i a l  thermal and hydrau l i c  power outputs  

( B l a i r  & Owen, 1981). 

NET ENERGY BALANCES 

The purpose o f  a t o t a l  energy system i s  t o  

use the  thermal energy and the k i n e t i c  energy 

i n  t h e  hot, pressurized waters t o  meet par t ,  o r  
even a l l ,  of the i n j e c t i o n  energy requirement. 
For  t h e  cases studied, t h e  necessary i n j e c t i o n  

energy ranges from 2,050 KWh i n  the moderately 
geopressured, b u t  1 arge Johnson's Bayou 
reservo i r ,  t o  4,340 KWh i n  the very deep, 
17,000 f o o t  Rockefel l e r  r e s e r v o i r .  The analy- 

s i s  of net energy balances under three techno- 
logy cases show tha t :  

0 I n  Case I t h a t  assumes c u r r e n t  tech- 
nology, the  net energy f o r  r e i n j e c t i n g  
t h e  produced b r i n e s  i nto t h e  geo- 

pressured r e s e r v o i r s  ranges from a near 
balance i n  t h e  A u s t i n  Bayou t o  about 68% 
o f  the requi red r e i n j e c t i o n  energy f o r  
the Rockefel 1 e r  r eservoi r . 

0 I n  Case I 1  t h a t  assumes advances i n  
hydraul i c  tu rb ine  technology so t h a t  
there are no l i m i t a t i o n s  on i n l e t  
pressure, approximately 90% t o  100% o f  

the r e i n j e c t i o n  energy requirements 
could be met from t h e  thermal and 

hydrau l i c  energy f o r  four  o f  the 
geopressured r e s e r v o i r s  analyzed by t h i s  

study; 71% o f  the r e i n j e c t i o n  power 
requirements would be met f o r  t h e  f i f t h  

reservo i  r, Candel a r i  a. 

0 I f  the  thermal energy and methane can be 

ex t rac ted  wi thout  depressur iz ing the 
b r i n e s  so t h a t  a l l  o f  t h e  k i n e t i c  energy 

i s  used t o  r e i n j e c t  the br ines  (Case 
III), the energy balance i s  p o s i t i v e  i n  
a l l  cases except f o r  Candelaria 

(Reservoir 2) .  A1 though shal low, t h i s  
r e s e r v o i r  has h igh r e i n j e c t i o n  power 

requirements because o f  i t s  low perme- 
a b i l i t y .  

The ana lys is  shows that ,  depending upon t h e  
assumptions used f o r  cap tur ing  the hydrau l i c  
energy, t h e  power requirements f o r  deep r e i n -  

j e c t i o n  can be met, i n  la rge  p a r t  o r  i n  whole, 
by the  associated thermal and k i n e t i c  energy, 

and t h a t  i n  some cases, excess e l e c t r i c i t y  

cou ld  be generated f o r  sale. 

ECONOhIC RESULTS 

The c a p i t a l  costs  and economic r e s u l t s  are 
shown o n  Table 2 f o r  the three technology cases 
and f o r  d iscount  r a t e s  of 20% and 10%. Reser- 
v o i r  1, Cl in ton,  i s  the most favorable i n  each 

case because o f  i t s  shallow depth and i t s  r e l a -  
t i v e  h i g h  methane content, 28 cubic f e e t  per 
b a r r e l  o f  water. For  the Case I and a t  a 20% 

r a t e  o f  re tu rn ,  the cos t  o f  the produced 
methane ranges from $10.49 per Mcf i n  the C l i n -  
t o n  t o  $15.59 per Mcf i n  the Aus t in  Bayou. I n  
Case 11, the  costs  decrease on ly  s l i g h t l y  t o  a 
range o f  from $10.49 t o  $15.44 per Mcf. 

Case I11 t h e  costs  vary between $10.11 and 
$14.98 per  Mcf. 

I n  

To b e t t e r  understand t h e  e f f e c t  of using a 
t o t a l  energy system and o ther  key var iab les  o n  

the  economics o f  geopressured aqui fers ,  a 
ser ies  o f  s e n s i t i v i t y  runs were conducted, as 

shown below f o r  the Candelaria reservo i r ,  
F igure 1. 

The f i r s t  s e n s i t i v i t y  exami nes t h e  econo- 
mics o f  geopressured aqu i fe rs  i f  the thermal 

power were not used, and t h e  requ i red  e l e c t r i -  
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c i t y  were purchased. Because t h e  c a p i t a l  cos ts  
of the b inary  p lan t  requ i re  a la rge  f r o n t  end 

investment o f  $4.2 m i l l i o n ,  the  economic 
preference would be t o  purchase e l e c t r i c  power, 
assumi ng i t s  c o s t  i s  $0.05 per kWh o r  less. 

FIGURE 1 
Economics f o r  the Candelaria 

Geopressured Re servo i r 

($  per Mcf) 

S e n s i t i v i t y  Cases Discount Rate 
10% - 20% - 

CASE I 12.26 7.77 

11.12 7.25 
No Binary P lan t  
(Thermal Energy) 

No Turbine ( K i n e t i c  Energy) 12.44 8.16 

E l e c t r i c i t y  @ $O.lO/KWh 13.49 9.00 

Methane Content @ W M c f  64 c f /Bb l  41 c f /Bb l  

tiammershainb e t  a l .  

w i t h  c h a r a c t e r i s t i c s  simi l a r  t o  t h e  Candelaria 
aqui fer .  

D ISCUSS ION 

A deep r e i n j e c t i o n  scheme together  w i t h  a 
t o t a l  energy system would a l l o w  a much greater  
amount o f  t h e  methane d isso lved i n  t h e  geopres- 
sured br ines  t o  be recovered. 

compares the  methane recovery from a conven- 
t i o n a l  system w i t h  shallow r e i n j e c t i o n  t o  a 
t o t a l  energy system using deep r e i n j e c t i o n .  I n  
making t h i s  comparison, i t  was assumed t h a t  the 
r e s e r v o i r s  would be allowed t o  f l o w  f o r  as long 

as economic o r  u n t i l  breakthrough o f  r e i n j e c -  
t i o n  water. 

F igure 2 below 

FIGURE 2 
Comparison o f  U l t imate  Recoveries 

Ne thane Recovery 
Conven. Systems Tota l  Eneray Sys. 
Bcf % o f  O G I P  Bcf  % o f  O G I P  

The second s e n s i t i v i t y  analyzes the  econo- 

mics o f  using k i n e t i c  energy. 

because o f  i t s  low capi t61 cos ts  i n  r e l a t i o n  t o  
the produced energy. Excluding t h e  capture o f  
k i n e t i c  energy would therefore h u r t  the o v e r a l l  

economi cs. 

I t  shows t h a t  
the  hydrau l i c  tu rb ine  i s  a good investment - - 

C 1  i nto n 3.3 1 53.1 18 
C a nde 1 ar i a 5.5 1 95.7 18 

Aus t in  Bayou 3.5 2 37.6 18 
Johnson's Bayou 9.0 3 175.5 18 
Rockefel ler 8.0 2 39 .O 9 

The t h i r d  s e n s i t i v i t y  shows t h e  e f f e c t  o n  
the cos t  o f  producing methane i f  the cos t  o f  

purchased e l e c t r i c i t y  doubles t o  t e n  cents per  
k i l o w a t t  hour. I n  t h i s  case the c o s t  increases 
only  by about $1.25 per Mcf r e l a t i v e  t o  Case I, 
since the product ion costs  are r e 1  a t i ve  l y  
independent o f  r e a l  increases i n  energy costs. 

A t  t h i s  po in t ,  the economic f e a s i b i l i t y  o f  
captur ing t h e  thermal energy i n  geopressured 

aqu i fe rs  improves dramatical l y  over outside 
purchase. 

The f i n a l  s e n s i t i v i t y  shows t h e  amount o f  

gas t h a t  must be produced per b a r r e l  of water 
i f  gas p r i c e s  s tay a t  $ 5  per Mcf. A t  a 20% 
discount r a t e ,  a r a t e  o f  64 cubic f e e t  per 

b a r r e l  o f  water i s  requ i red  f o r  a reservo i r  

Under the  conventional r e i n j e c t i o n  scheme, 
the recovery e f f i c i e n c y  ranges from 1% t o  3% o f  
the  o r i g i n a l  gas in-place (OGIP). I n  addit ion, 

about 1 Bcf would be requ i red  f o r  t h e  shallow 
r e i n j e c t i o n  o f  produced. brines, making t h e  net 

energy balance f o r  C l in ton  and Aust in  Bayou 
margi nal . 

When the  br ines  are r e i n j e c t e d  i n t o  the  

produci ng aqui fer ,  the recovery e f f i c i e n c y  
increases by f i v e  t o  e ighteen fold, t o  as much 

as 18% o f  the OGIP.  Moreover, s ince the asso- 
c i a t e d  thermal and k i n e t i c  power can be used t o  

prov ide from 70% t o  100% o f  the r e i n j e c t i o n  
power, very  l i t t l e  o f  t h i s  produced methane 
would need t o  be consumed f o r  r e i n j e c t i o n .  
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TABLE 1 

RE SE RVO I R PARAMETERS 

Parameter #1 C1 i n t o n  
~ 

Depth ( fee t )  
Temperature ( O F )  
Pressure (ps i  1 
Sal i n i  ty ( ppm) 
Gas Content ( c f / b b l )  
Area (mi21 
Pay ( f e e t )  
Permeabil i ty  (md) 
Poros i ty  ( f r a c t i o n )  
Compressi b i  1 i ty 

( x 10-6 ps i  -1 

12,000 
275 

8,250 
60 , 000 

28 
15 
700 
20 

0.20 

11 

#2 Candelaria #3 Aust in Bayou 

13 , 500 
275 

9,750 
75,000 

28 
30 
700 
13 

0.18 

17,000 
315 

11,600 
100,000 

25 
15 
700 
15 

0.16 

11 11 

#4 Johnson's Bayou 

13,500 
230 

9,500 
75,000 

22 
30 

1,000 
200 

0.30 

11 

#5 Rockefel 1 e r  

17 , 500 
320 

14,200 
75,000 

31 
15 
400 
15 

0.23 

TABLE 2 

CAPITAL COSTS AND ECONOMIC RESULTS 

#1 #2 #3 #4 #5 
CAPITAL COSTS , $MM 

BASE CASE 

C l  i nton Candel a r i  a Austi  n Bayou Johnson ' s Bayou Rockefel 1 e r  

We1 1 s 4.7 
Methane Se pa r a  t o  r 3 .O 
Binary P lan t  4.2 
Hydraul i c Turbine 0.4 

Total  12.3 

ECONOMIC RESULTS 

BASE CASE 

Net Energy Balance, KW (222) 

$/Mcf Q 20% ROR 10.49 
$/Mcf Q 10% ROR 6.40 

CASE I 1  

Net Energy Balance, KW (222) 

$/Mcf Q 20% ROR 10.49 
$/Mcf Q 10% ROR 6.40 

CASE I11 

5.9 
3 .O 
4.2 
0.4 
1 3 3  

( 907 1 

12.26 
7.77 

( 883 

12.23 
7.74 

9.8 
3 .O 
4.2 
0.4 
1 7 7  

(97) * 

15.59 
9.14 

10 

15.44 
8.98 

5.9 10.5 
3 .O 3 .O 
4.2 4.2 
0.4 0.4 
13-3 l3-T 

15.26 14.39 
9.34 9.03 

14.80 13.31 
8.88 7.95 

Net Energy Balance, KW 95 ( 443 1 507 440 456 

$/Mcf 0 20% ROR 10.11 11.62 14 -98 14.09 12.40 
$/Mcf Q 10% ROR 6.02 7.13 8.52 8.16 7.04 
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