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An Eva lua t ion  o f  Geopressured Br ine  I n j e c t a b i l i t y  

L. B. Owen, C. K. B l a i r ,  *J. E. Harrar  and *R. Netherton 
Ter ra  Tek, I nc . ,  420 Wakara Way, S a l t  Lake City, Utah 84108 

INTRODUCTION 

New concepts f o r  t he  h igh  temperature/high pressure recovery 
o f  methane from geopressured b r i n e  have been developed by Lawrence 
Livermore Nat iona l  Laboratory (LLNL). 1-2 The pr imary  o b j e c t i v e  o f  
these methane recovery processes i s  t o  preserve s u f f i c i e n t  hydrau- 
l i c  energy t o  d r i v e  the  subsequent subsurface d isposal  o f  spent 
b r i n e  e f f l u e n t s  a t  subs tan t i a l  reduc t ions  i n  opera t ing  and main- 
tenance cos ts  associated w i t h  use o f  i n j e c t i o n  pumps. However, a 
key element i n  determin ing the  f e a s i b i l i t y  o f  t h e  o v e r a l l  methane 
recovery process i s  t he  need t o  q u a n t i t a t i v e l y  e s t a b l i s h  i n j e c t -  
a b i l i t y  c h a r a c t e r i s t i c s  o f  geopressured b r i n e  a t  e leva ted  tempera- 
t u r e  and pressure.  

We-have developed an apparatus w i th  a c a p a b i l i t y  f o r  evaluat -  
i n g  geopressured b r i n e  i n j e c t a b i l i t y  a t  e leva ted  pressures and 
temperatures. The apparatus u t i l i z e s  membrane f i l t e r s  as i n j e c -  
t i o n  zone r e s e r v o i r  analogs and permi ts  i n j e c t a b i l i t y  t e s t s  t o  be 
performed i n  accordance w i t h  Barkman and Davidson M e t h ~ d o l o g y . ~  
A f i e l d  eva lua t i on  o f  geopressured b r i n e  i n j e c t a b i l i t y  was com- 
p l e t e d  du r ing  September 22-25, 1980 a t  t he  DOE, Brazor ia  t e s t  s i t e  
i n  Texas. Membrane f i l t e r s ,  w i t h  pore s izes  o f  0.4-pm and 10.0-pm, 
were used as the  bas i s  f o r  o b t a i n i n g  suspended s o l i d s  data and f o r  
develop ing per fo rmance- l i fe  est imates o f  t y p i c a l  spent b r i n e  
i n j e c t i o n  we l l s .  F i e l d  measurements were made a t  13OOC and l i n e  
pressures up t o  3800 ps ig .  Scale i n h i b i t e d  (phosphonate-polyacry- 
l a t e  threshold- type,  carbonate scale i n h i b i t o r ) ,  p r e f i l t e r e d -  
sca le - i nh ib i t ed ,  and raw (unt reated)  b r i n e  were evaluated. Test  
r e s u l t s  i n d i c a t e d  raw b r i n e  was h i g h l y  i n j e c t a b l e ,  w h i l e  scale- 
i n h i b i t e d  b r i n e  had extremely low q u a l i t y .  The poor i n j e c t -  
a b i l i t y  o f  s c a l e - i n h i b i t e d  b r i n e  r e s u l t e d  from p a r t i a l  p r e c i p i t a -  
t i o n  o f  t he  scale i n h i b i t o r .  

INJECTABILITY TESTING METHODOLOGY 

The most r e l i a b l e  method o f  e s t a b l i s h i n g  water q u a l i t y  i n  
con junc t i on  w i t h  f u l l - s c a l e  i n j e c t i o n  t e s t s  i s  based on the  use o f  
membrane f i l t e r s  (and core samples) as analogs o f  t he  i n j e c t i o n  
format ion.  3-11 Membrane f i l t r a t i o n  data reveal  the  m a t r i x  perme- 
ab i  1 i ty  impai rment p o t e n t i a l  o f  i n j e c t e d  water r e s u l t i n g  from 
scale fo rmat ion  o r  depos i t i on  o f  suspended so l i ds .  Loss o f  d i s -  
posal  capac i ty  r e s u l t i n g  from i n s u f f i c i e n t  d isposal  fo rmat ion  vo l -  
ume, p r e - e x i s t i n g  s k i n  damage, o r  o the r  r e s e r v o i r  i n s u f f i c i e n c i e s ,  
however, cannot be d i r e c t l y  i d e n t i f i e d  by f i l t r a t i o n  t e s t s .  

*Un ive rs i t y  o f  C a l i f o r n i a ,  Lawrence Livermore Nat iona l  Laboratory. 
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S i m i l a r l y ,  f a c t o r s  which may favorab ly  impact d isposal  capac i ty  
such as the  presence o f  h igh  pe rmeab i l i t y  t h i e f  zones o r  f r a c t u r e s  
w i t h i n  the  d isposal  i n t e r v a l  cannot be d i r e c t l y  accounted f o r  by 
t h e  membrane f i l t r a t i o n  methodology. 

Se lec t i on  o f  membrane f i l t e r s  w i t h  the  appropr ia te  pore s i z e  
f o r  t he  work repo r ted  he+e was based on an emp i r i ca l  method des- 
c r i b e d  by Champlin e t  a1,12 which permi ts  c a l c u l a t i o n  o f  mean 
fo rmat ion  pore s i z e  i f  format ion p o r o s i t y  and pe rmeab i l i t y  a re  
known. We se l  ected Nucl epore, polycarbonate,  10-pm pore s i z e  
membrane f i  1 t e r s  as conservat ive analogs o f  shal  l o w ,  h igh  perme- 
a b i l i t y  d isposal  zones. Nuclepore, polycarbonate membrane f i l t e r s  
w i t h  0.4-pm pore s ize ,  were a l so  used t o  ob ta in  base l ine  suspended 
s o l i d s  da ta  and as conservat ive analogs o f  deep geopressured d i s -  
posal  zones where fo rmat ion  pe rmeab i l i t y  might  be l e s s  than 100md. 

TEST APPARATUS DESIGN 

A schematic o f  t he  i n j e c t a b i l i t y  t e s t  apparatus i s  shown i n  
F igure  1. The t e s t  frame, based on p rev ious l y  f i e l d  proven de- 

was connected, as a bypass system, t o  the  main s i t e  
f l o w  system, shown schemat ica l ly  i n  F igure  2, v i a  a s u i t a b l y  
designed h igh  pressure mani fo ld .  I n j e c t a b i l i t y  t e s t s  were c a r r i e d  
ou t  a t  constant  d i f f e r e n t i a l  pressure across the  f i l t r a t i o n  mem- 
brane. Coarse and f i n e  c o n t r o l  valves were used t o  i n i t i a l l y  s e t  
and ma in ta in  d i f f e r e n t i a l  pressure. Cumulative f l o w  and ins tan -  
taneous f l o w r a t e  were obta ined by d i r e c t  measurement us ing  2 l i t r e  
graduated cy l i nde rs .  F lash ing  o f  t he  b r i n e  f o l l o w i n g  passage 
through the  membrane f i l t e r  was prevented by use o f  a water-  
cooled, Inconel-600 heat exchanger upstream o f  t he  f i n a l  c o n t r o l  
valve.  A l l  system p i p i n g  was const ructed from Inconel-600 h igh  
pressure t u b i n g  f o r  adequate co r ros ion  c o n t r o l .  Valves and f i t -  
t i n g s  were made o f  316 s t a i n l e s s  s t e e l .  The system was designed 
f o r  i n - l i n e  t e s t i n g  o f  geopressured b r i n e  a t  pressures and temper- 
a tu res  t o  2000 p s i  and 1 5 O o C ,  respec t i ve l y .  I n c l u s i o n  o f  t h e  
by-pass man i fo ld  pe rm i t ted  t e s t i n g  geopressured b r i n e  a t  we1 1 head 
pressure t o  4000 ps ig .  

INJECTION WELL HALF-LIFE ESTIMATES 

H a l f - l i f e  est imates f o r  the  Brazor ia  t e s t  s i t e  b r i n e  d isposal  
w e l l  were c a l c u l a t e d  a f t e r  t he  method o f  Barkman and Davidson3 f o r  
a constant  pressure drop process (Appendix I). The c a l c u l a t e d  
h a l f - l i f e  i s  t he  t ime requ i red  f o r  the  i n j e c t i o n  r a t e  t o  dec l i ne  
t o  one-hal f  o f  i t s  i n i t i a l  value. Disposal w e l l  impairment was 
c a l c u l a t e d  f o r  t h e  cases o f  w e l l  bore narrowing and invas ion.  Well 
bore narrowing r e s u l t s  when a f i l t e r  cake forms on the  sand face 
and then b u i l d s  inward even tua l l y  p a r t i a l l y  f i l l i n g  the  w e l l  bore. 
The invas ion  model accounts f o r  pene t ra t i on  o f  t he  d isposal  forma- 
t i o n  by f i n e  suspended s o l i d s  which u l t i m a t e l y  form an i n t e r n a l  
f i l t e r  cake w i t h i n  t h e  d isposal  format ion.  Relevant format ion and 
i n j e c t i o n  parameters t h a t  form t h e  bas is  f o r  t he  h a l f - l i f e  e s t i -  
mates are  prov ided i n  Table 1. H a l f - l i f e  est imates are  prov ided 
i n  Table 2.  
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Figure 1. SIMPLIFIED SCJiEMTIC of THE IIEWRAHE FILTRATION 
INJECTABILITY TEST APPARATUS 

Figure 2.  QENERALIZED SCHEMATIC OF DOE'S 
BRAZORIA QEOPRESSURED -QEOTHERMAL TEST SYSTEM 

t i l  VI'RL S W U L O  RR I I IE 
P R O D U C l l U l  YCLL 
(p leasant  bayou no. 

TABLE 1 

ASSUMED DISPOSAL FORMTION AN0 INJECTION PARAMETERS: 
DOE'S BRAZORIA GEOPRESSURED-GEOTHERML TEST SITE 

B r i n e  Temperature. . . . . . . . . . . . . . . . .  130°C 
B r i n e  S a l i n i t y  . . . . . . . . . . . . . . . . . .  13.5 w t  % NaCl 
B r i n e  Dens i ty  . . . . . . . . . . . . . . . . . .  1.1 g/cc 
B r i n e  V i s c o s i t y  . . . . . . . . . . . . . . . . . .  0.32 cp 

I n j e c t i o n  Rate . . . . . . . . . . . . . . . . . .  22,000 BBL/Day 
Radius o f  I n j e c t i o n  Tubing . . . . . . . . . . . .  0.0699 m 
Length o f  I n j e c t i o n  I n t e r v a l  . . . . . . . . . . .  53 m 

I n j e c t i o n  Format ion P e r m e a b i l i t y  . . . . . . . . .  1000 md 
I n j e c t i o n  Format ion P o r o s i t y  . . . . . . . . . . .  2oX 
Radius o f  E f f e c t  . . . . . . . . . . . . . . . . .  182.9 m 
I n v a s i o n  Radius. . . . . . . . . . . . . . . . . .  3.05 m 

F i l t e r  Cake Dens i ty  . . . . . . . . . . . . . . .  2.70 g/cc 
Exposed Area o f  Membrane F i l t e r s  . . . . . . . . .  1 3 . 2  c d  
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A 'summary o f  average suspended s o l i d s  data f o r  the  B razo r ia  
system i s  p rov ided i n  Table 3. I f  we assume an average suspended 
s o l i d s  concent ra t ion  o f  11.8 mg/l i s  supp l ied  t o  the  i n j e c t i o n  
w e l l  a t  a b r i n e  f l o w  r a t e  o f  22,000 BBL/day, then approximately 
91 pounds o f  s o l i d s  would be deposi ted i n  the  i n j e c t i o n  w e l l  on a 
d a i l y  bas is  (16.5 tons pe r  year) .  The suspended s o l i d s  data sug- 
ges t  t h a t  about 24% o f  - t h e  suspended s o l i d s  i n  t h e  i n j e c t i o n  l i n e  
are  l e s s  than 10-pm i n  diameter. 

The t e s t  r e s u l t s  i nd i ca ted ,  as shown i n  F igure  3, t h a t  b r i n e  
t r e a t e d  w i t h  sca le  i n h i b i t o r  had extremely low q u a l i t y  even a f t e r  
passage through the  gas separator.  B r ine  which was p r e f i l t e r e d  
w i t h  a 1-pm pore s i z e  Cuno c a r t r i d g e  f i l t e r  had h igh  q u a l i t y .  
U l t i m a t e l y  i t  was demonstrated, by tempora r i l y  i n t e r r u p t i n g  the  
i n j e c t i o n  o f  sca le i n h i b i t o r ,  t h a t  t he  scale i n h i b i t o r  i t s e l f  was 
the  cause o f  t he  poor i n j e c t a b i l i t y  c h a r a c t e r i s t i c s  o f  t he  b r ine .  
Untreated b r i n e  had equ iva len t  o r  h igher  q u a l i t y  than p r e f i l t e r e d  
s c a l e - i n h i b i t e d  b r ine !  

The s o l i d s  c o l l e c t e d  on severa l  o f  t he  membrane f i l t e r s  were 
analyzed by x - ray  d i f f r a c t i o n  and by energy d i spe rs i ve  x- ray 
f luorescence (EDAX) i n  con junc t ion  w i t h  scanning e l e c t r o n  micro- 
scopy. When no i n h i b i t o r  was be ing  i n jec ted ,  t he  small q u a n t i t y  
o f  s o l i d s  were most ly  s i l i c o n ,  perhaps sand from the  format ion,  
and some p a r t i c l e s  o f  BaSO,. When the  i n h i b i t o r  was being i n j e c t -  
ed, a l a r g e  amorphous component was present  i n  t h e  s o l i d s ,  which 
was r i c h  i n  phosphorous, calc ium, sodium, and ch lo r i ne .  This  i s  a 
s t rong i n d i c a t i o n  t h a t  t h e  phosphonate i n h i b i t o r  e i t h e r  p r e c i p i -  
t a t e d  d i r e c t l y  o r  reac ted  w i t h  the  b r i n e  ca lc ium t o  form a p r e c i -  
p i t a t e ,  and i n  the  process occuluded some o f  t he  b r i n e  NaC1. 
C a l c i t e  cou ld  n o t  be i d e n t i f i e d  i n  the  s o l i d s . f r o m  the  b r i n e  being'  
i n j e c t e d .  

CONCLUSIONS 

Test  r e s u l t s  and subsequent ana lys i s  o f  f i 1 t e r e d  so l  i d s  
demonstrated conc lus i ve l y  t h a t  t he  th resho ld  carbonate scale 
i n h i b i t o r ,  which was i n j e c t e d  i n t o  the  t o p  o f  a two-phase (noncon- 
densable gases-brine) mix tu re ,  upstream o f  the wel lhead choke, 
caused p r e c i p i t a t i o n  o f  up t o  15  ppm o f  suspended s o l i d s .  The 
suspended s o l i d s  c a r r i e d  through the  gas separator  and u l t i m a t e l y  
were deposi ted w i t h i n  the  i n j e c t i o n  w e l l  and/or t he  i n j e c t i o n  
format ion.  I n  t h e  absence o f  sca le i n h i b i t o r ,  t he  raw geopressured 
b r i n e  had extremely h igh  q u a l i t y .  

Based on these r e s u l t s ,  i t  can be concluded t h a t  Brazor ia  
b r i n e  has h igh  i n j e c t a b i l i t y  a t  pressures va ry ing  from 380 t o  3800 
p s i  , even a f t e r  gas separat ion,  p rov ided scale c o n t r o l  a d d i t i v e s  , 
i f  requ i red ,  do n o t  degrade b r i n e  q u a l i t y .  

It i s  o f  i n t e r e s t  t o  speculate about t h e  f a c t  t h a t  t h e  i n j e c -  
t i o n  w e l l  a t  t h e  B razo r ia  s i t e  (Pleasant Bayou No. 1) cont inued t o  
accept low q u a l i t y  b r i n e  w i t h  a moderate r a t e  o f  back-pressure 
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buildup while half-life estimates predicted an extremely short 
operating life for the well. A plausible explanation for this 
apparent anomalous behavior is related to the rather unique com- 
pletion of the injection well. 

The injection well was originally designed as a production 
well. However, problems encountered during drilling necessitated 
plugging of the borehole back from 15,675 ft. to about 8,500 ft. 
The hole was then recompleted for use as a disposal we1 1. 

Our half-life estimates were based on an injection interval 
o f  about 160 feet. However, if brine was able to flow past the 
cement retainer, at the bottom of the completion interval, via an 
annulus behind the casing, then the actual injection interval 
could have been literally thousands of feet in length. Altering 
the injection interval length by a factor of 20 to 30 would be 
sufficient to yield much longer half-life estimates. 
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Figure 3. 10.0 MICRON MEMBRANE FILTRATION DATA 
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TABLE 3 

SUMRY OF SUSPENDED SOLIDS DATA FOR THE 
DOE-BRAZORIA GEOPRESSURED TEST S I T E  

B r i n e  Source 

LN-Series 
Low Pressure I n j e c t i o n  
L i n e  (400 P S l C ;  130'C) 

"-Series 
Moderate Pressure Pro- 
d u c t i o n  (800 P S I C ;  130'C) 

HN- Ser i es 
H igh  Pressure Wellhead 
(3800 P S I G ;  130'C) about 
5 f e e t  upstream o f  scale 
i n h i b i t o r  i n j e c t i o n  p o r t  

Membrane 
F l l t e r  

Pore S i z e  
-fk!!TL 

0.4 
10.0 
10.0 

0.4 
0.4 
10.0 
10.0 

0.4 
1 0 . 0  
10.0 

Carbonate 
Scale 

1-mm I n h i b i t o r  
Pre f  i 1 t e r  (PPM) 

No 50 
N O  50 
No 0 

No 50 
Yes 50 
No 50 

Yes 50 

No 50 
No 50 
No 0 

5 us p e n d e d 
So l ids  (mg/l) 

10.8 
8 . 2  
0.02 

13.5 

11.8 
0 . 0 1  

0.03 

1.1 
0.5 
0.03 

where: 

APPENDIX I: HALF-LIFE CALCULATIONS 

Tk = (F)(G) 

T = I n j e c t i o n  w e l l  h a l f l i f e  4 

where: F = t i m e  t o  f i l l  t he  we l l bo re  w i t h  s o l i d s  a t  t he  
i n i t i a l  f l o w  r a t e  (years )  

r = we l lbore  rad ius  (meters) 
W 

h = i n j e c t i o n  i n t e r v a l  (meters) 

i = i n i t i a l  i n j e c t i o n  r a t e  (STBD) 

w = Concent ra t ion  suspended s o l i d s  (pg/g) 

pc/pw = dens i t y  r a t i o ,  f i l t e r  cake: b r i n e  

from c a l c u l a t i o n  o f  t he  water q u a l i t y  r a t i o  g i ven  by: 
Estimates o f  the  p e r m e a b i l i t y  o f  f i l t e r  cakes were developed 

where: w = 

K =  

5 =  
C 

(3)  

pc = 

PW = 

A =  

AP = 

l J =  

weight concen t ra t i on  o f  s o l i d s  i n  water (pg/g) 

f i l t e r  cake p e r m e a b i l i t y  (md) 

s lope o f  cumula t ive  volume vs. square r o o t  o f  t ime 
(ml/&in) 5 i s  determined by l i n e a r  regress ion  o f  
t h e  l i n e a r  p o r t i o n  o f  t h e  f i l t r a t i o n  curve. 

b u l k  dens i t y  o f  f i l t e r  cake (gm/cm3) 

dens i t y  o f  water (gm/cm3) 

exposed area o f  f i l t e r  cake fcm2) 

t o t a l  p ressure  d i f f e r e n t i a l  across f i l t e r  (ps i )  

f l u i d  v i s c o s i t y  (cp) 

Equations y i e l d i n g  exac t  G- fac tors  f o r  we l lbore  narrowing and 
invas ion  are  g iven i n  Reference 3. 
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