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ABSTRACT 

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 completed 

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 lO.O-pm, were used as the  bas is  f o r  

o b t a i n i n g  suspended s o l i d s  data and f o r  developing 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 ls .  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-polyacrylate 

threshold- type,  carbonate scale i n h i b i t o r ) ,  prefiltered-scale-inhibited, and 

un t rea ted  b r i n e  were evaluated. Test r e s u l t s  i n d i c a t e d  t h a t  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  s c a l e - 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  f r o m  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 .  

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). The pr imary o b j e c t i v e  o f  these methane recovery proces- 

ses i s  t o  preserve s u f f i c i e n t  hyd rau l i c  energy t o  d r i v e  the  subsequent subsur- 

face 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  reduct ions i n  opera t ing  
r 

b 
and maintenance 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  the  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  geo- 

pressured b r i n e  a t  e levated temperature and pressure.  

Typ ica l  geopressured w e l l s  a re  expected t o  produce i n  excess o f  20,000 

b a r r e l s  o f  b r i n e  per  day. 

b r i n e  e f f l u e n t ,  t o  be c o s t - e f f e c t i v e ,  w i l l  r e q u i r e  c o n t r o l  o f  b r i n e  q u a l i t y  

( i . e . ,  low suspended s o l i d s  concentrat ion) ,  m in imiza t ion  o f  sca l i ng  and cor ro -  

s ion,  and knowledge o f  the  i n j e c t i o n  p o t e n t i a l  o f  t he  d isposal  sand. Br ine  

d isposal  i n  con junc t ion  w i t h  opera t ion  o f  the  U. S. S t ra teg i c  Petroleum Reserve 

(SPR) i s  a c lose  opera t iona l  analog t o  a geopressured system. The SPR program 

requ i red  long t e r m  d isposal  o f  nea r l y  sa tura ted  NaC1 b r ines  (20-35'C) a t  ra tes  

o f  30,000 b a r r e l s  per  day per  w e l l .  However, SPR disposal  w e l l s  w e r e  r a p i d l y  

impai red and design i n j e c t i o n  r a t e s  cou ld  no t  be maintained. It has r e c e n t l y  

been demonstrated t h a t  SPR i n j e c t i o n  w e l l s  became impaired as a r e s u l t  o f  poor 

b r i n e  q u a l i t y ,  i n c l u d i n g  corrosion-generated p a r t i c u l a t e s ,  and i n s u f f i c i e n t  

c lean ing  o f  t he  o r i g i n a l  gravel  packed  completion^.^-* Problems which lead t o  

the  impairment o f  i n j e c t i o n  w e l l s  can be recognized by implementing a p roper l y  

designed b r i n e  i n j e c t a b i l i t y  mon i to r ing  program. A t  the  geopressured s i t e s  

where carbonate scale i n h i b i t o r s  may be used, a r e a l  need e x i s t s  t o  moni tor  

b r i n e  q u a l i t y  t o  insure  t h a t  i n h i b i t o r - d e r i v e d  pseudoscales and p a r t i c u l a t e s  

do n o t  cause i n j e c t i o n  w e l l  impairment. 

A f i e l d  eva lua t i on  was conducted a t  the  Pleasant Bayou No. 2 we l l ,  

l oca ted  a t  t h e  DOE-Brazoria geopressured t e s t  s i t e  south o f  Houston, Texas 

(September 22-25, 1980). 

t he  nominal i n j e c t a b i l i t y  o f  spent geopressured b r i n e  as a func t i on  o f  temper- 

a tu re  and pressure and est imate the  use fu l  l i f e  o f  w e l l s  i n t o  which spent b r i n e  

i s  i n jec ted .  

f i  1 t r a t i o n  experiments. 

Subsurface d isposal  o f  l a rge  q u a n t i t i e s  o f  "spent" 

The ob jec t i ves  o f  the  f i e l d  work were t o  e s t a b l i s h  

I n j e c t a b i l i t y  data were obta ined by means o f  i n - l i n e  membrane 
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INJECTABILITY TESTING METHODOLOGY 

The most reliable method of establishing water quality in conjunction with 

full-scale injection tests is based on the use of membrane filters (and core 

samples) as analogs of the injection formation.5’13 

representative membrane filter with the appropriate pore size distribution to 

The permeability of a 

injected water is continuously monitored. Observed permeability variations can 

then be interpreted in terms of the performance characteristics o f  a typical 

injection well. 14-16 Given the injection rate, wellbore radius, length of 

completion interval, brine viscosity, and disposal formation hydraulic para- 

meters, the useful lifetime of the injection well can be estimated. 

Membrane filtration data reveal the matrix permeability impairment po- 

tential of injected water resulting from scale formation or deposition of 

suspended solids. Loss of disposal capacity resulting from insufficient dis- 

posal formation volume, pre-existing skin change, or other reservoir insuf- 

ficiencies, however, cannot be directly identified by filtration tests. 

Similarly, factors which may favorably impact disposal capacity such as the 

presence of high permeability thief zones or fractures within the disposal 

interval can not be accounted for by the membrane filtration methodology. 

Selection o f  membrane filters with the appropriate pore size for the 

work reported here was based on an empirical method described by Champlin 

et a1,17 which permits calculation of mean formation pore size if formation 

porosity and permeability are known. We estimated that a disposal formation 

with properties as shown in Table 1 would have a mean pore diameter o f  16-pm. 

We selected Nuclepore, polycarbonate, 10-pm pore size membrane filters as 

conservative analogs of shallow, high permeability disposal zones. Nuclepore, 

polycarbonate membrane filters with 0.4-vm pore size, were also used to obtain 

baseline suspended solids data and as conservative analogs of deep geopressured 

disposal zones where formation permeability might be less than 100 md. 



TABLE 1 

ASSUMED DISPOSAL FORMATION AND INJECTION PARAMETERS: 
DOE'S BRAZORIA  GEOPRESSURED-GEOTHERMAL TEST S I T E  

B r ine  Temperature. . . . . . . . . . . . . . . . .  13OoC 

B r i n e  Sal i n i t y l .  . . . . . . . . . . . . . . . . .  13.5 w t  % NaCl 

B r i n e  Densi ty2 . . . . . . . . . . . . . . . . . .  1.1 g/cc 

B r ine  V iscos i t y3  . . . . . . . . . . . . . . . . .  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  Tubing1. . . . . . . . . . . .  0.0699 m 

Length o f  I n j e c t i o n  In te rva l1 .  . . . . . . . . . .  53 m 

I n j e c t i o n  Formation Permeab i l i t y  . . . . . . . . .  1000 md 

I n j e c t i o n  Formation P o r o s i t y  . . . . . . . . . . .  20% 

Radius o f  E f f e c t  . . . . . . . . . . . . . . . . .  182.9 m 

I nvas ion  Radius. . . . . . . . . . . . . . . . . .  3.05 m 

F i l t e r  Cake Densi ty4 . . . . . . . . . . . . . . .  2.70 g/cc 

Exposed Area o f  Membrane F i l t e r s  . . . . . . . . .  13.2 cm2 

References: 

1. R. Bat ten,  Fenix  and Scisson, Personal Communication 

2. Ref. 20 

3. Ref. 2 1  

4. Dens i ty  o f  ca lc ium carbonate ( c a l c i t e )  
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TEST APPARATUS DESIGN 

A schematic o f  t h e  i n j e c t a b i l i t y  t e s t  apparatus i s  shown i n  F igu re  1. The 

t e s t  frame, based on p r e v i o u s l y  f i e l d  proven designs,18-19 was connected, as a 

bypass system, t o  the  main s i t e  f l o w l i n e  v i a  a s u i t a b l y  designed h i g h  pressure 

mani fo ld .  I n j e c t a b i  1 i t y  t e s t s  were c a r r i e d  o u t  a t  constant  d i f f e r e n t i a l  pres- 

# 

sure across the  f i l t r a t i o n  membrane. 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 

instantaneous 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  grad- 

uated c y l i n d e r s .  

f i l t e r  was prevented by use o f  a water-cooled, Inconel-600 heat exchanger 

F lash ing  o f  t h e  b r i n e  f o l l o w i n g  passage through the  membrane 

upstream o f  t h e  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 i g h  pressure t u b i n g  f o r  adequate c o r r o s i o n  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 .  

t e s t i n g  o f  geopressured b r i n e  a t  pressures and temperatures t o  2000 p s i  and 

15OoC, r e s p e c t i v e l y .  I n c l u s i o n  o f  t h e  by-pass man i fo ld  p e r m i t t e d  t e s t i n g  geo- 

pressured b r i n e  a t  wel lhead pressure t o  4000 ps ig .  

The system was designed f o r  i n - l i n e  

P r i o r  t o  each run, membrane 

f i l t e r s  were evacuated by means o f  an on-board vacuum system t o  p reven t  p a r t i a l  

blockage o f  membrane f i l t e r s  by en t ra ined  a i r .  

t o  b leed t h e  system o f  r e s i d u a l  b r i n e  f o l l o w i n g  each run. A h igh  pressure,  

c a r t r i d g e  f i l t e r  assembly was used occas iona l l y  t o  p r e f i l t e r  b r i n e ,  a t  h i g h  

The vacuum system was a l s o  used 

temperature and pressure, p r i o r  t o  i t s  passage through a membrane f i l t e r  t o  

e s t a b l i s h  t h e  p o t e n t i a l  b e n e f i t s  o f  p r e f i l t e r i n g  b r i n e  be fo re  subsurface 

w disposal  . 

BRINE SAMPLING POINTS 
b 

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  o u t  a t  wellhead cond i t i ons ,  about 5 f e e t  

/- \ downstream o f  t h e  scale i n h i b i t o r  i n j e c t i o n  p o r t ,  immediately upstream o f  t h e  

gas separator and i n  t h e  i n j e c t i o n  l i n e  about 70 f e e t  downstream o f  t he  gas 

5 
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separator.  

system schematic (F igure 2). 

The th ree  sampling p o i n t s  a re  shown on the  genera l i zed  Brazor ia  0 
The var ious  b r i n e  sources used i n  the  i n j e c t a b i l i t y  t e s t  w e r e  designated 

as fo l lows:  

* LN- Series: Low pressure i n j e c t i o n  l i n e  (380 ps ig ,  13OOC). Sampling 

p o r t  on top  o f  i n j e c t i o n  l i n e .  

Moderate pressure produc t ion  l i n e  immediately upstream o f  

t he  gas separator (800 ps ig ,  13OOC). Sampling p o r t  on s ide  

MN- Series: 

o f  v e r t i c a l  r i s e r .  

High pressure wel lhead produc t ion  l i n e  immed 

o f  choke and about 5 f e e t  downstream o f  sca 

i n j e c t i o n  p o r t  (3800 ps ig ,  13OOC). Sampling 

o f  p roduc t ion  l i n e .  

HN- Ser ies:  a t e l y  upstream 

e i n h i b i t o r  

p o r t  on bottom 

INJECTION WELL HALF-LIFE ESTIMATES 

H a l f - l i f e  est imates f o r  t he  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 Davidson14 f o r  a constant  pressure 

drop process. The ca l cu la ted  h a l f - l i f e  i s  t he  t ime requ i red  f o r  t he  i n j e c t i o n  

rate t o  d e c l i n e  t o  one-hal f  o f  i t s  i n i t i a l  va lue.  Disposal  w e l l  impairment 

was ca l cu la ted  f o r  t he  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  format ion by f i n e  suspended s o l i d s  which u l t i -  

mately form an i n t e r n a l  f i l t e r  cake w i th in  the  d isposal  format ion.  For each 

mechanism, t h e  h a l f - l i f e  i s  g iven  by the  product:  

Relevant format ion and i n j e c t i o n  parameters t h a t  form the  bas is  f o r  the  

h a l f l i f e  est imates are  prov ided i n  Table 1. The F - fac to r  i s  a constant  g iven by: 
63 
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Figure  2 .  GENERALIZED SCHEMATIC OF DOE'S 
BRAZORIA GEOPRESSURED -GEOTHERMAL TEST SYSTEM 

(p leasan t  bayou no. 2)  

GEOPRESSURED BRINE 
PRODUCT1 ON WELL c3 

TO IIETHANE 
FLARE 

GAS SEPARATOR SCALE I N H I B I T O R  BRINE 
INJECTION PORT SAIIPLING - 

PORT ( I lN)  

800 PSIG 
130' C 

I 
I 

BRINE 

PORT( HN) 

TO 
INJECTION 

WELL L I N E  1 30'C 

SAHPL I NG CHOKE 
BRINE SArlPLING 
PORT (LN)  

INJECTION 400 PSIG 

I 



where: F = t ime t o  f i l l  the  we l lbore  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) 

= we l lbore  rad ius  (meters) 

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) 

rW 

0 

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  

Estimates o f  t he  pe rmeab i l i t y  o f  f i l t e r  cakes were developed from calcu-  

l a t i o n  o f  t he  water q u a l i t y  r a t i o  g iven by: 

= (8166.11)($ (-c-) 2p A ~ A P  

KC VPW 
(3) 

where: w = weight concent ra t ion  o f  s o l i d s  i n  water (pg/g) 

Kc = f i l t e r  cake pe rmeab i l i t y  (md) 

S = slope o f  cumulat ive volume vs. square r o o t  o f  t i m e  (ml / ,h i i i>  

= 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) 

PC 

p W 

A = exposed area o f  f i l t e r  cake (cm2) 

AP = t o t a l  pressure 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) 

G- factors  f o r  we l lbore  narrowing and invas ion  were est imated as fo l lows:  

1 
21 n0 Well bore narrowing: G = 1 + - - 

where: ct = 0.5 

0 = (re/rw) k c /k  F 

9 
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r = rad ius  o f  e f f e c t  

r = w e l l  bore rad ius  

kc = f i l t e r  cake pe rmeab i l i t y  

kF = format ion pe rmeab i l i t y  

e 

W 

Invasion: G = [L<+] [I + A 21 ne - (; + A) 21n9 9 2(a-l)/q3 ] (5) 
W 

where: ra = invas ion  rad ius  

= l - (kc /kF)  

Q = f r a c t i o n a l  p o r o s i t y  

TEST RESULTS 

H a l f - l i f e  est imates based on Equations (1)-(4) are summarized i n  Table 2. 

The slopes used i n  the  water q u a l i t y  ca l cu la t i ons  were based on l e a s t  squares 

regress ion  of t he  f i l t r a t i o n  curves. 

f i l t r a t i o n  curves are  prov ided i n  Appendix I. 

a v a i l a b l e  f o r  t e s t i n g ,  we l i m i t e d  most o f  the  i n j e c t a b i l i t y  runs t o  about 15 

minutes. I n  general ,  t h i s  t ime i n t e r v a l  was s u f f i c i e n t  t o  de f i ne  the  l i n e a r  

p o r t i o n  o f  t he  f i l t r a t i o n  curves. A t y p i c a l  f i l t r a t i o n  curve i n d i c a t  ng no 

invas ion  (negat ive i n t e r c e p t )  i s  shown i n  F igure  3. Only data p o i n t s  i n d i c a t e d  

by s o l i d  c i r c l e s  were used i n  the  regress ion ana lys is .  

necessary t o  r e j e c t  e r r a t i c  data p o i n t s  (as determined by i nspec t i on  o f  t he  

f i l t r a t i o n  curves), which were generated as a r e s u l t  o f  severe f l u c t u a t i o n s  i n  

l i n e  pressure and by d i f f i c u l t i e s  associated w i t h  ma in ta in ing  constant  d i f f e r -  

e n t i a l  pressure. 

cor rec ted  f o r  membrane f i l t e r  e l u t i o n  loss because, i n  several  attempts t o  

measure e l u t i o n  loss ,  t he  weight  l oss  membrane f i l t e r  gained weight due t o  

sca le  format ion.  However, t h i s  c o r r e c t i o n  i s  u s u a l l y  very small. The s c a l i n g  

The f i l t r a t i o n  data and the  corresponding 

Because o f  t he  l i m i t e d  f i e l d  t ime 

I n  some cases, i t  was 

The suspended s o l i d s  data i n d i c a t e d  i n  Table 2 were n o t  

10 



1 pm Cuno Membrane 
Date Membrane F i l t e r  Car t r i dge  Pressure  (PSI) F i l l e r  Temperature ('C) Sca le  I n h l b l t o r  F l l t e r e d  

Run (Sept.1980) Pore Size (pm) P r e f i l t e r  Source1 Menib. F i l t e r  AP(PS1) 1 Source1 F i l t e r  (PPM) Volume (ml) 
Suspended 

S o l i d s  (mg/l) 

LN-1 
LN-3 
LN-5 

22 
22 
22 

130 
130 
130 

90 
90 

107 

50 
50 
50 

2,598 
2,920 
1,920 

50 
50 
50 

2,598 
2,920 
1,920 

F i l t r a t i o n  Curve 
I n t e r c e p t  (ml) I Slope ( m m i n )  

Q u a l i t y  kc  F-Fac tor  Gk-Factor H a l f l i f e  Gk-Factor H a l f l i f e  
(PPMInd) (md) (22,000 8/0) (No I n v a s i o n )  (YRS) ( I n v a s i o n )  ( Y R S )  Run 

- 1.4  
+ 510.5 
- 91 .1  
+ 365.3 
-28677.7 

624.2 2801.7 0.0032 0.17 0.0061 0.0011 LN-1 
640.2 2662.9 0.0071 0.29 0.0038 0 .0011 LN-3 
482. 'J 4680.9 0.0013 0.25 3.ox10-5 1x10-5 LN-5 
534.9 3014.5 0.0021 0.20 0.0038 0.0008 LN-7 

13579.4 0.0036 12.8 34.4 0.27 9 . 3  20 .8  717.3 LN-11 

0.0012 
0.0014 
6.4 

0.0057 
0.0054 
12.5 

0.00064 
0.046 
0.00086 
0.078 
0.0025 
0.030 
0. 0008 
0.0017 
8 . 9  

0.17 
0.22 

81.9 

0.13 
0 . 1 5  

55.5 

1.23 
25.7 

2.5 
6 .4  
1.3 
1.3 
4.2 
3 .6  

66.2 

0.14 0.89 

. c c 
INJECTION WELL HALF-LIFE ESTIMATES Table 2 .  

FOR THE DOEI-BRAZORIA GEOPRESSURED TEST SITE 

0.4 
10.0 
0.4 

10.0 
10.0 
0 .4  

10.0 
10.0 
10.0 

No 
No 
No 
No 

Yes 
No 
No 
No 
No 

360 
350 
360 
360 
380 
370 
400 
400 
400 

50 
50 
50 
50 

0.03 
50 
50 
50 
0.03 

10.0 
6.0 
6.8 
8 . 7  
0.05 

14 .8  
9.9 
8.0 
0 .021 

360 
3 50 
360 
360 
380 
370 
400 

400 

50 2.300 
50 39,490 
50 1,620 
50 1,610 
50 1,960 
0 28,310 

3800 400 50 130 120 50 
50 

3800 3800 I 1::; 1 7; I 1 i:: I 50 
50 3800 1000 0 . 1  130 130 

2,630 1 .4  
19,300 0.067 

4,320 1 0.69 
13,540 0.27 

I HN-5 I 25 I 0.4 1 No I 3flOO I 1800 I 50 I 130 I 120 I 15 4,620 1 . 3  
5.360 

5.850 0.48 

HN-6 25 10.0 No 3000 1800 1 130 120 15 1 2; 1 ;:: I :;; 1 50 
50 

10.0 I I :: I 10.0 

I I 31.000 I 0 .026 I "-8 I ;5 I 10.0 No I 3800 I 1000 I 0.03 1 130 I 129 I 0 

I - - - 5 8 7 . 1  I ~ 546 1 I 3659. I I 0.0037 I 0.12 1 0.0001 I l ~ l O - ~  I I I LN-13 I 
383.2 
462.1 

14853.9 

708.7 
740.5 

17009.7 

737.7 
3090. I 
1447.2 

7432.5 
5111.1 
0.0030 

3.ox10-5 

0.14 

0.0001 
0.0001 
0.26 

<1x10-6 
0.0011 
2x10-5 

0.0001 
0.0007 

0 .0031 0.0007 
11.0 I 902 

LN- 14 
LN-15 
LN- 16 

MN- 1 
MN-2 
MN-3 

"-1 
"-2 
"-3 
"-4 
"-5 
"-6 
HN-7 
llN-9 
IIN-8 

5x10-6 

11 .8  

1 . 7 ~ 1 0 - ~  
1 .9x10-5  
14.7 

< l x l O - ~  
0.028 
5 ~ 1 0 - '  

0.0001 
0.0009 

12. n 

- 3.9 
+ 71.8 
-23497.7 

- 770.9 
- 157.1 
-29990.0 

- 325.4 
-17272.7 
- 1400.8 
+15:00.0 
- 1587.0 - 2471.0 
+ 525U.6 
+ 44(>  7. 5 
-3O:UZ. 8 

20.3 I 1129 

2173.0 
1990.9 
0.0023 

2005.5 
1.32 

719.6 
3.14 
467.6 

39.8 
489.9 
2',6.0 

O . O O 2 7  

0 3 3 . 3  
1527. I 

710.4 
0.0015 0.0063 
0.0030 0.011 
14.9 985 

944.0 
797. 0 

15676.7 0.20 
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was u l t i m a t e l y  a t t r i b u t e d  t o  depos i t i on  o f  t he  scale i n h i b i t o r  compound (15-50 

ppm o f  a phosphonate-polyacrylate threshold- type carbonate i n h i b i t o r ) .  

A summary o f  average suspended s o l i d s  data f o r  t he  Brazor ia  system i s  

p rov ided i n  Table 3. 

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 per  year) .  

suggest t h a t  about 24% o f  t he  suspended s o l i d s  i n  the  i n j e c t i o n  l i n e  are l ess  

than 10-pm i n  diameter. 

I f  we assume an average suspended s o l i d s  concent ra t ion  

The suspended s o l i d s  data 

The t e s t  r e s u l t s  ind ica ted ,  as shown i n  Figures 4 and 5, 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.  

f i l t e r  had h igh  q u a l i t y .  

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  the  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 h e  b r ine .  

b r i n e  had 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  br ine !  

Br 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  

U l t i m a t e l y  i t  was demonstrated, by temporar i l y  i n t e r -  

Untreated 

Because the  gauge we used was designed t o  measure pressures >5 p s i ,  t he  

i n d i c a t e d  d i f f e r e n t i a l  pressure across 10-pm pore s i z e  membrane f i l t e r s  was 

zero when 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 i n e  and unt reated b r i n e  were evaluated. 

I n  these cases, i t  was the re fo re  n o t  poss ib le  t o  d i r e c t l y  est imate i n j e c t i o n  

w e l l  h a l f - l i v e s .  The h a l f - l i v e s  i nd i ca ted  i n  Table 2 were generated a f t e r  

est imates o f  d i f f e r e n t i a l  pressure were developed as fo l lows:  

The pe rmeab i l i t y  o f  a 10-pm pore s i z e  membrane f i l t e r  can be ca l cu la ted  from: 

& 
= U P  
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TABLE 3 

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

Membrane Carbonate 
F i  1 t e r  Scale 

Pore Size 1-mm I n h i b i t o r  Suspended 
Br ine  Source (Pm) P re f  i 1 t e r  (PPM) So l i ds  (mg/l) 

Low Pressure I n j e c t i o n  0.4 No 50 10.8 
Line (400 P U G ;  13OoC) 10.0 No 50 8.2 

10.0 No 0 0.02 

Moderate Pressure Pro- 0.4 No 50 13.5 
duc t i on  (800 P S I G ;  13OoC) 0.4 Yes 50 0.07 

10.0 No 50 11.8 
10.0 Yes 50 0.03 

High Pressure Wellhead 0.4 No 50 1.1 
(3800 P S I G ;  130*C) 10.0 No 50 0.5 

10.0 No 0 0.03 

14 
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F i g u r e  5 .  1U.U MICRON MEMBRANE FILTRATION DATA . 

LOW PRESSURE INJECTION L INE 

0 10000 20080 . 30@80 40800 ' 
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where: k = permeabi 1 i ty (darcy) 

p = viscosity (cp) 

Q = flowrate (cm3/sec) 

L = thickness (cm) 

A = cross-sectional area (cm2) 

AP = differential pressure (atm) 

Permeability data obtained from the manufacturer for Nuclepore membrane filters 

for clean water at ambient temperature are shown in Figure 6. 

flow data for 10-prn pore size polycarbonate membrane filters are not provided. 

Unfortunately, 

However, if we assume a flowrate of at least 2000 ml/cm2*min at a differentia 

pressure of 1 psi, we can calculate a permeability of about 400 md for the fi 

ter. If we next assume that the permeability of the membrane filter is inde- 

pendent of temperature, Eq. 7 can be used to solve for differential pressure: 

(0.32 cp)(42 ml/sec)(8x10-4cm) 
(0.4d)(13.2cm2) AP = 

AP = 0.03 psi 

(7) 

Where 0.32 cp is the viscosity of brine (13.5 weight percent NaC1) at 

13OOC (from Ref. 21) and 42 ml/sec is the highest flowrate observed when 

prefiltered, scale-inhibited brine or untreated brine were evaluated with a 

10ym pore size membrane filter. 

COMPOSITION OF SUSPENDED SOLIDS 
4 

The solids collected on several of the filters were analyzed by x-ray 

diffraction and by energy dispersive x-ray fluorescence (EDAX) in conjunction 

with scanning electron microscopy. 
V 

The results are summarized in Table 4. In 

the case of the experiments conducted when no inhibitor was being injected, 63 
17 



Figure 6 

Clean Water Flow Rate vs. Pressure 668'F and 14.7 PSI . . 
(Gallona Per Minute Per Square Foot of Filter Area) 

.025 ,049 .123 .245 490 1.23 2.45 4.9 1 2 3  24 5 40 123 245 490 1230 2450 
200 1034 

100 517 
80 414 

50 259 
$ 
; 
r 

20 103 - 
0 

Q 
E 

10 51.7 
8 41.4 g - c 
5 25.9 6 

cc 

2 10.3 

1 5 17 
.10 .2 .5 .B 1 0 2 5 8 10.0 20 50 90 100 2 5 E 1000 2 5 8 10000 

(Milillllers Per Minute Per Square Centimeter of Filter Area) 
AVERAGE FLOW RATE 

NUCLEPORE MEMBRANE SPEC1 FI CAT10 NS 

Flow Rates2 
Bubble Point3 Nominal 

Air Nominal Pore Thickness Water Code Pore Density Size 
f..m\1 Number (pores/cm') mi/ min /cm2 I/min/cm2 (PSI) (Urn) 
\w-i 

65 <1 
<1 

>2000 
50 

6 
2 

>2000 1 x 105 
45 

8 12.0 N1200 

4 
2000 1 x 105 

42 
10 NlOOO 

6 
2000 1 x 105 10.0 

10 8.0 N8OO 

N300 2 x  106 
10 

3.0 
36 

15 
2000 

36 
10 

16 
300 2 x  106 

36 
10 N200 

25 
300 2 x 107 2.0 

10 1 .o N100 
3 x  lo7 80 16 

16 33 10 0.8 NO80 
80 3 x lo7 

10 1 x108 
0.6 NO60 

NO40 
60 6 '  

>loo 
10 26 

2.2 .loo 8 3 x 108 
2.2 

5 0.2 NO20 
3 x 108 8 

0.25 >loo 5 0 1  NO1 0 
6 x l o8  0.45 

0.03 > loo 5 0.08 NO08 
0.03 6 x loe 

5 0.05 NO05 
0.03 NO03 6 x l o 8  
0.01 5 ~ 0 0 1  

5.0 N500 4 x 105 10 2000 42 

0.4 

Experimental Material - Firm specifications not yet established 

I Yaximum Lo-e diameter 
125 'C,  70 cm Hg (13.5 psi) 
3 Bubble point value is the pressure required 10 force air thr3ugh the pores of a water-wet filter. 

Q 

(From Nuclepore F i l t r a t i o n  Products f o r  the Laboratory: Catalog LAB 30)  
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TABLE 4 

SUMMARY OF RESULTS OF CHEMICAL ANALYSIS 
OF SUSPENDED SOLIDS 

F i  1 t e r  B r ine  Compound Analys is  Elemental and Compound 
Number Condi t ions by X-Ray D i f f r a c t i o n  Analys is  by EDAX-SEM 

HN- 1 High Pressure, Large amorphous component. 
I n h i b i t o r  Some c a l c i t e  

" -8  High Pressure, n o t  analyzed 
No i n h i b i t o r  

MN-1 Med. Pressure, Large amorphous component. 
I n h i b i t o r  Some quar tz  

LN-13, 15 Low Pressure, Large amorphous component. 
I n h i b i t o r  Some h a l i t e  

LN- 15 Low Pressure, n o t  analyzed 
I n h i b i t o r  

LN- 16 Low Pressure, no t  analyzed 
No i n h i b i t o r  

Small amount o f  s i l i c a  

High C1; Med. P, Ca, 
Na; Low Bay Fe. No 
s i l i c a  seen. 

Main component i s  
s i l i c a .  Low Nay C 1 ,  
Fe, S, A l ,  Ba (prob. 
BaSO,). No P seen. 
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n o t  enough mate r ia l  was c o l l e c t e d  t o  do a d e f i n i t i v e  x - ray  d i f f r a c t i o n  analy-  

s i s ;  however, a good i n d i c a t i o n  o f  the  composi t ion o f  these s o l i d s  was obtained 

by EDAX-SEM. 

When no i n h i b i t o r  was being 

i n j e c t i o n  l i n e  sample), the  smal 

n jec ted  ("-8 wel lhead sample and LN-16 

q u a n t i t y  o f  s o l i d s  were  most ly  s i l i c a ,  per-  

haps sand from the  format ion,  and some p a r t i c l e s  o f  BaSO,. 

was be ing  i n jec ted ,  a l a r g e  amorphous component was present  i n  the  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 he  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  reacted w i t h  the  b r i n e  ca lc ium t o  f o r m  a p r e c i p i t a t e ,  and i n  the  process 

occluded some o f  t he  b r i n e  NaC1. Note t h a t  no c a l c i t e  cou ld  be i d e n t i f i e d  

When the  i n h i b i t o r  

the  techniques used 

b i t o r  fo rmula t ion ,  b u t  

i n  the  s o l i d s  from the  b r i n e  being i n jec ted .  None o f  

would have detected the a c r y l a t e  component o f  the  i n h  

i t  too  i s  known t o  p r e c i p i t a t e  ca lc ium i n  overfeed cond i t ions .  

SIMPLIFIED HALF-LIFE ESTIMATES 

I n  o rder  t o  u t i l i z e  the  Barkman and Davidson method f o r  es t ima t ing  i n -  

j e c t i o n  w e l l  h a l f - l i f e ,  i t  i s  f i r s t  necessary t o  measure a suspended s o l i d s  

concent ra t ion  f o r  t he  water be ing evaluated. F i e l d  measurement o f  suspended 

s o l i d s  concentrat ion,  w h i l e  n o t  d i f f i c u l t ,  i s  labor ious .  A method suggested 

by HugginsZ2 can be used t o  e l im ina te  the  necess i ty  o f  measuring suspended 

s o l i d s  concentrat ions.  This  method a l so  e l im ina tes  the  necess i ty  o f  es t imat  

dens i t y  r a t i o .  the  f i l t e r  cake t o  b r i n e  

The bas is  f o r  simp1 

case o f  no invas ion)  can 

f i e d  w e l l  bore narrowing h a l f - l i f e  e s t  

be developed as fo l lows:  

ng 

mates ( f o r  t he  

20 



where S is the slope of the cumulative volume v s .  the square root of 
of time curve 

Substituting: 

and 

S2 T+ a - 

To evaluate the applicability of Eq. 8, we performed a linear regression 

analysis o f  measured filtration curve slopes (using 5 points) and associated 

half-lives (from Table 2) for all non-invading runs which yielded a filter 

cake permeability (kc) o f  0.05 md or greater. 

cient of correlation (r2) of 0.992. 

The analysis yielded a coeffi- 

The following equation was derived for 

estimating a half-life, given the slope (ml/Jm'i;iT;> of a filtration curve and 

assuming an injection rate of 22,000 BBL/day: 

T4(YrS) = [(Slope - 8936.0)/525.0] (9) 

Use o f  Eqs. 8 and 9 implies that measured filtration curve slopes of 8937.5 ml/ 

Jinin' and 9465 m l / m n  would correspond to half-lives of about 1 day and 1 year, 

respectively. 
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SUMMARY AND CONCLUSIONS 

An apparatus was designed, fab r i ca ted ,  and success fu l l y  u t i l i z e d  t o  eva 

uate t h e  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  temperatures 

and pressures o f  <=15OoC and 52000 ps ig ,  respec t i ve l y .  The apparatus permi ts  

measurement o f  suspended s o l i d s  concent ra t ion  and s c a l i n g  p o t e n t i a l  by ex- 

t e r s  a t  i n - s i t u ,  h igh  pressure/high temperature l i n e  pos ing membrane f i  

condi  ti ons. 

I n j e c t a b i l i t y  

ps ig ) ,  immediately 

t e s t s  were run  a t  i n j e c t i o n  l i n e  cond i t ions  (13OOC; 380 

upstream o f  t he  gas separator (13OOC; 800 ps ig )  and a t  we 

head cond i t i ons  j u s t  upstream o f  the  choke (about 5 f e e t  downstream o f  t he  

scale i n h i b i t o r  i n j e c t i o n  p o r t )  where l i n e  pressure was 3800 ps ig .  

polycarbonate membrane f i l t e r s  w i t h  0.4-pm and 10.0-pm pore s i z e  d 

were used t o  e s t a b l i s h  nominal suspended s o l i d s  concentrat ions and 

i n j e c t i o n  i n t o  a h igh  pe rmeab i l i t y  Gu l f  Coast 

membrane f i l t e r  i s  a reasonable analog o f  a h 

format ion (1 darcy; 20% poros i t y ) .  

Nuclepore, 

s t r i b u t i o n s  

t o  s imulate 

aqu i fe r .  The 10-pm pore s i z e  

gh pe rmeab i l i t y ,  h igh  p o r o s i t y  

- 

1- 

Test r e s u l t 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  top  o f  a two-phase (noncondensable 

gases-brine) mix ture,  upstream o f  the  wel lhead c 

up t o  15 ppm o f  suspended so l i ds .  The suspended 

gas separator  and u l t i m a t e l y  were deposi ted w i t h  

the  i n j e c t i o n  format ion.  I n  the  absence o f  sca l  

oke, caused p r e c i p i t a t i o n  o f  

s o l i d s  c a r r i e d  through the  

n the  i n j e c t i o n  w e l l  and/or 

i n h i b i t o r ,  the  raw geopres- 

sured b r i n e  had extremely h igh  q u a l i t y .  I n  f a c t ,  t he  raw b r i n e  w i thou t  sca le 

i n h i b i t o r  had equ iva len t  o r  b e t t e r  q u a l i t y  than s c a l e - i n h i b i t e d  b r i n e  a f t e r  

f i l t r a t i o n  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 !  

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 vary ing  from 380 t o  3800 p s i ,  even a f t e r  gas 
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separat ion,  prov ided scale c o n t r o l  add i t i ves ,  i f  requi red,  a re  used i n  a way 

t h a t  does 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 the  f a c t  t h a t  the  i n j e c t i o n  w e l l  a t  

t he  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 bu i ldup w h i l e  h a l f - l i f e  est imates pre-  

d i c t e d  an extremely sho r t  opera t ing  l i f e  f o r  the  w e l l .  A p l a u s i b l e  explanat ion 

f o r  t h i s  apparent anomalous behavior i s  r e l a t e d  t o  the  r a t h e r  unique complet ion 

o f  t he  i n j e c t i o n  we l l .  

The i n j e c t i o n  w e l l  was o r i g i n a l l y  designed as a p roduc t ion  w e l l .  However, 

problems encountered du r ing  d r i l l i n g  necess i ta ted p lugg ing  o f  t he  borehole back 

from 15,675 f e e t  t o  about 8,500 fee t .  The hole was then recompleted f o r  use 

as a d isposal  w e l l .  

Our h a l f - l i f e  est imates were based on an i n j e c t i o n  i n t e r v a l  o f  about 150 

fee t .  However, i f  b r i n e  was ab le  t o  f l o w  pas t  the  cement r e t a i n e r ,  a t  the  

bottom o f  t h e  complet ion i n t e r v a l ,  v i a  an annulus behind the  casing, then the  

ac tua l  i n j e c t i o n  i n t e r v a l  would have been l i t e r a l l y  thousands o f  f e e t  i n  

length.  A l t e r i n g  the  i n j e c t i o n  i n t e r v a l  leng th  by a f a c t o r  o f  20 t o  30 would 

be s u f f i c i e n t  t o  y i e l d  much longer  h a l f - l i f e  est imates.  

I n  the  fu tu re ,  i n j e c t i o n  o f  sca le i n h i b i t o r ,  when requi red,  should be 

r e s t r i c t e d  t o  i n j e c t i o n  p o r t s  loca ted  on the  bottom o f  f l ow  l i n e s  t o  avo id  

p a r t i a l  evaporat ion and p r e c i p i t a t i o n  o f  l i m i t e d  s o l u b i l i t y  i n h i b i t o r s .  I n  

add i t i on ,  s o l u b i l i t y  (o r  r e a c t i v i t y )  determinat ions f o r  sca le i n h i b i t o r s  

should be made i n  s imulated b r ine ,  a t  t he  maximum a n t i c i p a t e d  temperature o f  

use, p r i o r  t o  t h e i r  use i n  the  f i e l d .  F i n a l l y ,  such i n h i b i t o r s  should be 

i n j e c t e d  us ing  non-pulsat ing pumps so t h a t  s o l u b i l i t y  l i m i t s  cannot ever be 

exceeded. 

2 3  
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APPENDIX I 

DOE-Brazoria Geopressured-Geothermal Test Site Injectability 
Data and Filtration Curves. 
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INJECTABILITY TEST DATA 

Run: LN 1 Membrane F i  1 t e r :  0.4-pm 1-pm Cuno P r e f i l t e r :  No 

Source Press: 360 p s i  g Run Press:360 p s i g  D i f f e r e n t i a l  Press:50 p s i g  

Source Temp: 13OoC Run Temp:90°C 

To ta l  F i  1 t e r e d  Volume: 2598 m l  Suspended Sol  i ds :  10.0 mg/l 

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13 
14  
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 

Time(mi n) 
.119 
.415 
.755 

1.153 
1.572 
2.003 
2.475 
2.966 
3.290 
3.985 
4.533 
5.107 
5.710 
6.348 
7.016 
7.742 
8.491 
9.243 

10.018 
10.852 
11.716 
12.524 
13.639 
14.771 
16.078 

$G 
0.34 
0.64 
0.87 
1.07 
1.25 
1.42 
1.57 
1.72 
1.81 
2.00 
2.13 
2.26 
2.39 
2.52 
2.65 
2.78 
2 .91  
3.04 
3.17 
3.29 
3.42 
3.54 
3.69 
3.84 
4.01 

Cumulative 
Vol ume( m l  ) 

100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 

F l o w  Rate 
(ml/min) 
840.3 
337.8 
294.1 
251.3 
238.7 
232.0 
211.9 
203.7 
308.6 
143.9 
182.5 
174.2 
165.8 
156.7 
149.7 
137.7 
133.5 
133.0 
129.0 
119.9 
115.7 
123.8 
89.7 
88.3 
76.5 
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INJECTABILITY TEST DATA 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Run: LN-3 Membrane F i  1 t e r :  10.0-pm 1-pm Cuno P r e f i l t e r :  No 

Source Press: 350 p s i g  Run Press:350 p s i g  D i f f e r e n t i a l  Press: 50 p s i g  

Source Temp: 13OOC Run Temp:95OC 

To ta l  F i  1 t e r e d  Volume: 2920 m l  Suspended Sol ids:  6 mg/l (5.5 pg/g) 

.679 0.82 

.935 0.97 
1.079 1.04 
1.979 1 .41  
2.835 1.68 
4.072 2.02 
5.367 2.32 
6.941 2.63 
8.776 2.96 

10.664 3.27 
12.763 3.57 

I I T i M  I Time(min) I fl 
.372 0 .61  

Cumulative 
Volume(m1) 

500 
800 
900 

1000 
1200 
1600 
1800 
2000 
2200 
2400 
2600 

I 2800 

F1 ow Rate 
( m l  / m i  n) 
1344.1 
977.2 
390.6 
694.4 
222.2 
467.3 
161.7 
154.4 
127.1 
109.0 
105.93 

, 95.3 
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INJECTABILITY TEST DATA 

300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 , 

Run: LN-5 Membrane F i  1 t e r :  0.4-pm 1-pm Cuno P r e f i l t e r :  No 

Source Press:360 p s i g  Run Press:360 p s i g  D i f f e r e n t i a l  Press: 50 p s i g  

Source Temp: 13OOC Run Temp: 107OC 

285.7 
256.4 
250.0 
204.1 
166.7 
151.5 
131.6 
123.5 
106.4 

91.7 
90.9 
74.1 
72.5 
70.9 
67.1 
64.9 

T o t a l  F i  1 t e r e d  Volume: 1920 m l  

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

ITEM Time(min) A, 
0.91 
1.30 
1.70 
2.19 
2.79 
3.45 
4.21 
5.02 
5.96 
7.05 
8.15 
9.50 

10.88 
12.29 
13.78 
15.32 

Suspended So l ids :  6.8 mg/l (6.2 pg/g) 

0.75 
0.95 
1.14 
1.30 
1.48 
1.67 
1.86 
2.05 
2.24 
2.44 
2.66 
2.85 
3.08 
3.30 
3.51 
3.71 
3.91 

Cumulative I Flow Rate 1 
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INJECTABILITY TEST DATA 

Run: LN-7 Membrane Fi 1 ter: 10.O-vm 1-pm Cuno 
Source Press:360 psig Run Press:360 psig Different 
Source Temp: 13OOC 
Total Fi 1 tered Volume: 2300 ml Suspended Solids: 8.7 mg/l 

Run Temp: 122OC 

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

rime(mi n] 
0.09 
0.22 
0.38 
0.54 
0.80 
1.13 
1.53 
1.92 
2.33 
2.76 
3.29 
3.87 
4.57 
5.28 
6.22 
7.23 
8.29 
9.37 
10.47 
11.74 
13.06 

6 
0.30 
0.47 
0.62 
0.73 
0.89 
1.06 
1.24 
1.39 
1.53 
1.66 
1.81 
1.97 
2.14 
2.30 
2.49 
2.69 
2.88 
3.06 
3.24 
3.43 
3.61 

Eumulative 
dol ume(m1) 

100 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 

F1 ow Rate 
(ml /mi n) 
1111.1 
769.2 
625.0 
625.0 
384.6 
303.0 
250.0 
256.4 
243.9 
232.6 
188.7 
172.4 
142.9 
140.9 
106.4 
99.0 
94.3 
92.6 
90.9 
78.7 
75.8 

Pref i 1 ter: No 
a1 Press:50 psig 
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INJECTABILITY TEST DATA 

- 
ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

Run: LN 11 Membrane F i  1 t e r :  10.0-pm 1-pm Cuno P r e f i l t e r :  Yes 

Source Press: 380 p s i g  Run Press:380 p s i g  D i f f e r e n t i a l  Press: (0.1 p s i g  

Source Temp: 130OC 
T o t a l  F i  1 t e r e d  Volume: 39,490 m l  Suspended So l ids :  0.05 mg/l (0.046 pg/g) 

Run Temp: 126OC 

rime(mi n) 
0.06 
0.33 
0.40 
0.47 
0.62 
1.29 
1.59 
1.92 
2.24 
2.57 
2.80 
3.16 
3.51 
3.87 
4.15 
4.49 
4.83 
5.17 
5.45 
5.83 
6.15 
6.50 
6.82 
7.15 
7.50 
7.84 
8.11 
8.47 
8.82 
9.15 
9.42 
9.80 
10.14 
10.46 
10.70 
11.08 
11.45 
11.77 

fi 
0.24 
0.57 
0.63 
0.69 
0.72 
1.14 
1.26 
1.39 
1.50 
1.60 
1.67 
1.78 
1.87 
1.97 
2.04 
2.12 
2.20 
2.27 
2.33 
2.41 
2.48 
2.55 
2.61 
2.67 
2.74 
2.80 
2.85 
2.91 
2.97 
3.02 
3.07 
3.13 
3.18 
3.23 
3.27 
3.33 
3.38 
3.43 

Cumul a t i  ve 
Volume(m1) 

100 
1000 
1500 
2000 
2500 
4500 
5000 
5500 
6000 
6500 
7000 
7500 
8000 
8500 
9000 
9500 
10000 
10500 
11000 
11500 
12000 
12500 
13000 
13500 
14000 
14500 
15000 
15500 
16000 
16500 
17000 
17500 
18000 
18500 
19000 
19500 
20000 
20500 

F1 ow Ratc 
( m l  / m i  n) 
1666.7 
2000.0 
7142.9 
7142.9 
3333.3 
2985.1 
1666.7 
1515.2 
1562.5 
1515.2 
2173.9 
1388.9 
1428.6 
1388.9 
1785.7 
1470.6 
1470.6 
1470.6 
1785.7 
1315.8 
1562.5 
1428.6 
1562.5 
1515.2 
1428.6 
1470.6 
1851.9 
1388.9 
1428.6 
1515.2 
1851.9 
1315.8 
1470.6 
1562.5 
2083.3 
1315.8 
1351.4 
1562.6 

ITEM 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 - 

Time(min 
11.45 
12.42 
12.75 
13.10 
13.39 
13.75 
14.12 
14.46 
14.77 
15.12 
15.46 
15.81 
16.08 
16.45 
16.80 
17.16 
17.46 
17.82 
18.17 
18.53 
18.82 
19.19 
19.54 
19.90 
20.20 
20.54 
20.95 
21.32 
21.94 
22.30 
22.67 
23.00 
23.37 
23.74 
24.11 
24.43 
24.79 

7 J G  
3.48 
3.52 
3.57 
3.62 
3.66 
3.71 
3.76 
3.80 
3.84 
3.89 
3.93 
3.98 
4.01 
4.06 
4.10 
4.14 
4.18 
4.22 
4.26 
4.30 
4.34 
4.38 
4.42 
4.46 
4.49 
4.53 
4.58 
4.62 
4.68 
4.72 
4.76 
4.80 
4.83 
4.87 
4.91 
4.94 
4.98 

Cumulative 
Vo l  ume(m1) 
21000 
21500 
22000 
22500 
23000 
23500 
24000 
24500 
25000 
25500 
26000 
26500 
27000 
27500 
28000 
28500 
29000 
29500 
30000 
30500 
31000 
31500 
32000 
32500 
33000 
33500 
34000 
34500 
35000 
35500 
36000 
36500 
37000 
37500 
38000 
38500 
39000 

F1 ow Rate 
(ml/min) 
1351.4 
1470.6 
1515.2 
1428.6 
1724.1 
1388.9 
1351.4 
1470.6 
1612.9 
1428.6 
1470.6 
1428.6 
1851.9 
1351.4 
1428.6 
1388.9 
1666.7 
1388.9 
1428.6 
1388.9 
1724.1 
1351.4 
1428.6 
1388.9 
1666.7 
1470.6 
1219.5 
1351.4 
806.5 
1388.9 
1351.4 
1515.2 
1351.4 
1351.4 
1351.4 
1562.5 
1388.9 
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INJECTABILITY TEST DATA 

Run: LN-13 Membrane Fi 1 ter: 0.4-pm 1-pm Cuno Prefilter: No 
Source Press: 370 psig Run Press:370 psig Di f ferential 
Source Temp: 13OOC Run Temp: 119OC 
Total Fi 1 tered Volume: 1620 ml 

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

- Ti me(mi n) 
0.52 
1.19 
2.00 
2.71 
3.52 
4.33 
5.36 
6.42 
7.40 
8.47 
9.57 
10.86 
11.95 
13.15 
14.52 

Suspended Solids: 14.8 mg/l 

Press: 50 psig 

(13.5 I-cs/g) 

7/Ki 
0.72 
1.09 
1.41 
1.65 
1.88 
2.08 
2.32 
2.53 
2.72 
2.91 
3.09 
3.30 
3.46 
3.63 
3.81 

Cumulative I Flow Rate 

200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 

149.3 
123.5 
140.9 
123.5 
123.5 
97.1 
94.3 
102.0 
93.5 
90.9 
77.5 
91.7 
83.3 
73.0 
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0.56 
0.98 
1.56 
2.40 
3.62 
5.40 
6.82 
8.36 
9.94 

11.58 
13.41 
14.60 

INJECTABILITY TEST DATA 

0.75 
0.99 
1.25 
1.55 
1.90 
2.32 
2.61 
2.89 
3.15 
3.40 
3.66 
3.82 

Run: LN-14 Membrane F i l t e r :  10.0-pm l-pm Cuno P r e f i l t e r :  No 
Source Press:380 p s i g  Run Press:380 p s i g  D i f f e r e n t i a l  Press:50 p s i g  

Source Temp: 13OoC 

To ta l  F i  1 t e r e d  Volume: 1610 m l  Suspended So l ids :  9.9 mg/l (9 pg/g) 

Run Temp: 112OC 

I I ,-I Cumulative I Flow Rate 
ITEM I Time(min) 1 VM in  1 Volume(m1) I (ml/min) 

1 1  0.08 I 0.28 I 100 I 1250.0 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
13 - 

400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1460 

625.0 
238.1 
172.4 
119.1 
82.0 
56.2 
70.4 
64.9 
63.3 
61.0 
54.6 
84.0 

4 
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INJECTABILITY TEST DATA 

Run: LN-15 Membrane F i  1 t e r :  10.0-pm 1-pm Cuno P r e f i l t e r :  No 

Source Press:400 p s i g  Run Press:400 p s i g  D i f f e r e n t i a l  Press: 50 p s i g  

Source Temp: 13OOC Run Temp: 115OC 

Tota l  F i  1 t e r e d  Volume: 1960 m l  

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
7 

Time(min) 
0.09 
0.73 
1.24 
1.78 
2.38 
3.06 
3.77 
4.50 
5.38 
6.30 
7.35 
8.40 
9.58 

10.87 
12.32 
14.08 

Suspended Sol ids:  8.0 mg/l (7.3 pg/g) 

0.3 
0.85 
1.11 
1.33 
1.54 
1.75 
1.94 
2.12 
2.32 
2.51 
2.71 
2.90 
3.10 
3.30 
3.51 
3.75 

Cumul a t  i ve 
Volume(m1) 

100 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 

F1 ow Rate 
( m l  / m i  n) 
1111.1 
468.8 
196.1 
185.2 
166.7 
147.1 
140.9 
137.0 
113.6 
108.7 

95.2 
95.2 
84.8 
77.5 
69.0 
56.8 
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INJECTABILITY TEST DATA 

Run: LN-16 Membrane F i  1 t e r :  10.0-pm 1-pi Cuno P r e f i l t e r :  No 

Source Press:400 p s i g  Run Press:4OO p s i g  D i f f e r e n t i a l  Press:<O. 1 ps ig  

Source Temp: 130'C Run Temp: 13OOC 

T o t a l  F i  1 t e r e d  Vol ume: 28,310 m l  

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 - 

Time(mi n) 
0.43 
0.93 
1.37 
1.78 
2.23 
2.66 
3.12 
3.52 
4.00 
4.40 
4.83 
5.23 
5.66 
6.07 
6.52 
6.87 
7.34 
7.73 
8.15 
8.56 
8.98 
9 .41  
9.82 

10.24 
10.69 
11.12 
11.53 
11.96 

Suspended Solids: 0.021 mg/l (0.019 pg/g) 

6 
0.66 
0.96 
1.17 
1.33 
1.49 
1.63 
1.77 
1.88 
2.00 
2.10 
2.20 
2.29 
2.38 
2.46 
2.55 
2.62 
2.71 
2.78 
2.85 
2.93 
3.00 
3.07 
3.13 
3.20 
3.27 
3.33 
3.40 
3.46 

52 

Cumulative 
Volume(m1) 

1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 

10000 
11000 
12000 
13000 
14000 
15000 
16000 
17000 
18000 
19000 
20000 
21000 
22000 
23000 
24000 
25000 
26000 
27000 
28000 

F1 ow Rate 
(ml/min) 
2368.4 
2000.0 
2272.7 
2439.0 
2222.2 
2325.6 
2173.9 
2500.0 
2083.3 
2500.0 
2325.6 
2500.0 
2325.6 
2439.0 
2222.2 
2857.1 
2127.7 
2564.1 
2381.0 
2439.0 
2381.0 
2325.6 
2439.0 
2381.0 
2222.2 
2325.6 
2439.0 
2325.6 
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INJECTABILITY TEST DATA 

Run: MN-1 Membrane F i  1 t e r :  0.4-pm 1-pm Cuno P r e f i l t e r :  No 

Source Press:800 p s i g  Run Press:800 p s i g  D i f f e r e n t i a l  Press: 50 p s i g  
Source Temp: 13OOC Run Temp: 112OC 
To ta l  F i  1 t e r e d  Volume: 2530 m l  

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 

- 

- 

Time(min) 
0.74 
1.42 
2.14 
2.81 
3.45 
4.21 
4.71 
5.47 
6.20 
6.88 
7.62 
8.32 
9.13 

10.04 
10.90 
11.78 
12.66 
13.64 
14.61 
15.53 
16.43 
17.57 

20.00 
la. 80 

Suspended Sol ids :  13.5 mg/l 

.\/M7;; 
0.86 
1.19 
1.46 
1.68 
1.86 
2.05 
2.17 
2.34 
2.49 
2.62 
2.76 
2.88 
3.02 
3.17 
3.30 
3.43 
3.56 
3.69 
3.82 
3.94 
4.05 
4.19 
4.34 
4.47 

Cumul a t  i ve 
Volume(m1) 

100 
200 
300 
400 
500 
600 
700 
800 

' 900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 

F1 ow Rate 
( m l  / m i  n) 
135.1 
147.1 
138.9 
149.3 
156.3 
131.6 
200.0 
131.6 
137.0 
147.1 
135.1 
142.9 
123.5 
109.9 
116.3 
113.6 
113.6 
102.0 
103.1 
108.7 
111.1 
87.7 
81.3 
83.3 
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INJECTABILITY TEST DATA 

Run: MN-2 Membrane F i  1 t e r :  10.0-pm 1-pm Cuno P r e f i l t e r :  No 

Source Press:800 p s i g  Run Press:800 p s i g  D i f f e r e n t i a l  Press: 50 p s i g  

Source Temp: 13OOC Run Temp:120°C 

T o t a l  F i  1 t e r e d  Volume: 3340 m l  

- 
ITEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 

- 

c_ 

Time(mi n) 
0.06 
0.33 
0.56 
0.80 
1.15 
1.53 
1.93 
2.33 
2.79 
3.29 
3.84 
4.40 
4.95 
5.64 
6.31 
7.00 
7.73 
8.52 
9.27 

10.10 
10.99 
11.93 
12.85 
13.88 
14.88 
16.00 
17.06 
18.18 
19.33 
20.55 

Suspended Sol i ds :  11.8 mg/l 

d;;i;;; 
0.24 
0.57 
0.75 
0.89 
1.07 
1.24 
1.39 
1.53 
1.67 
1 .81  
1.96 
2.10 
2.22 
2.37 
2.51 
2.65 
2.78 
2.92 
3.04 
3.18 
3.32 
3.45 
3.58 
3.73 
3.86 
4.00 
4.13 
4.26 
4.40 
4.53 

Cumulative 
Volume(m1) 

100 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 

F1 ow Rate 
(ml/min) 
1666.7 
1111.1 
434.8 
416.7 
285.7 
263.2 
250.0 
250.0 
217 - 4 
200.0 
181.8 
178.6 
181.8 
144.9 
149.3 
144.9 
137.0 
126.6 
133.3 
120.5 
112.4 
106.4 
108.7 

97.1 
100.0 
89.3 
94.3 
89.3 
87.0 
82.0 
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INJECTABILITY TEST DATA 

Run: MN-3 Membrane F i  1 t e r :  10.0-pm l-pm Cuno P r e f i l t e r :  Yes 

Source Press: 750 p s i g  Run Press:750 p s i g  D i f f e r e n t i a l  Press:<O.l p s i g  

Source Temp: 13OoC Run Temp: 129OC 

To ta l  F i l t e r e d  Volume:36,000 m l  

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 

29 
30 
3 1  
32 
33 
34 
35 
36 

- 

28 

- 

rime(min) 
0.08 
0.80 
1.17 
1.60 
1.87 
2.40 
2.70 
3.23 
3.52 
4.00 
4.29 
4.79 
5.07 
5.60 
5.99 
6.49 
6.79 
7.33 
7.70 
8.19 
8.53 
9.05 
9.43 
9.91 

10.28 
10.78 
11.17 
11.64 
11.99 
12.51 

13.35 
13.73 
14.22 
14.60 
14.90 

12. 87 

Suspended So l ids :  0.031 mg/l (0.028 vg/g) 

fi - 
0.28 
0.89 
1.08 
1.26 
1.37 
1.55 
1.64 
1.80 
1.88 
2.00 
2.07 
2.19 
2.25 
2.37 
2.45 
2.55 
2.61 
2.71 
2.77 
2.86 
2.92 
3.01 
3.07 
3.15 
3.21 

3.34 
3.41 
3.46 
3.54 
3.59 
3.65 
3.71 
3.77 
3.82 
3.86 

3.28 

Cumulative 
Vo l  ume(m1) 

100 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 

10000 
11000 
12000 
13000 
14000 
15000 
16000 
17000 
18000 
19000 
20000 
21000 
22000 
23000 
24000 
25000 
26000 
27000 

29000 
30000 
31000 
32000 
33000 
34000 
35000 
36000 

28000 

F1 ow Rate 
( m l  / m i  n) 
1250.0 
2435.9 
2702.7 
2325.6 
3703.7 
1886.8 
3333.3 
1886.8 
3448.3 
2083.3 
3448.3 
2000.0 
3571.4 
1886.8 
2564.1 
2000.0 
3333.3 
1851.9 
2702.7 
2040.8 
2941.2 
1923.1 
2631.6 
2083.3 
2702.7 
2000.0 
2564.1 
2127.7 
2857.1 
1923.1 
2777.8 
2083.3 
2631.6 
2040.8 
2631.6 
3333.3 
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INJECTABILITY TEST DATA 

Run: "-1 Membrane F i  1 t e r :  0.4-pm 1-pm Cuno P r e f i l t e r :  No 

Source Press:3800 p s i g  Run Press:400 p s i g  D i f f e r e n t i a l  Press: 50 p s i g  
Source Temp: 13OOC Run Temp: 12OOC 
To ta l  F i  1 t e r e d  Volume: 2630 m l  Suspended So l ids :  1 . 4  mg/l (1.3 pg/g) 

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14  
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 

- Time(mi ni 
0.15 
1.60 
1.99 
2.48 
3.02 
3.63 
4.27 
4.94 
5.60 
6.35 
7.15 
7.85 
8.70 
9.19 
9.64 

10.16 
10.65 
11.27 
11.57 
12.08 
12.67 
13.59 
14.78 
15.70 

$Gl 
0.39 
1.26 
1 .41  
1.57 
1.74 
1.91 
2.07 
2.22 
2.37 
2.52 
2.67 
2.80 
2.95 
3.03 
3.10 
3.19 
3.26 
3.36 
3.40 
3.48 
3.56 
3.69 
3.84 
3.96 

Cumulative 
Volume(m1) 

100 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 

F1 ow Rate 
( m l  / m i  n) 
666.7 
666.7 
256.5 
204.1 
185.2 
163.9 
156.3 
149.3 
151.5 
133.3 
125.0 
142.9 
117.7 
204.1 
222.2 
192.3 
204.1 
161.3 
333.3 
196.1 
169.5 
108.7 
84.0 

108.7 
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INJECTABILITY TEST DATA 

Run: "-2 Membrane Fi 1 ter: 10.0-pm 1-pm Cuno Prefilter: No 

Source Press:3800 psig Run Press:4OO psig Differential Press:5 psig 
Source Temp: 13OOC Run Temp: 128OC 
Total Fi 1 tered Volume: 19,300 ml 

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Ti me( mi n: 
.30 
.60 

1.09 
1.47 
2.50 
3.68 
5.00 
6.17 
7.58 
9.00 
9.72 
10.45 
11.84 
13.37 

Suspended Solids: 0.067 mg/l (0.061 pg/g) 

g7G 
0.55 
0.77 
1.04 
1.21 
1.58 
1.92 
2.24 
2.48 
2.75 
3.00 
3.12 
3.23 
3.44 
3.66 

Cumu 1 at i ve 
Volume(m1) 

400 
1000 
1500 
2000 
3000 
4000 
5000 
6000 
8000 
10000 
11000 
12000 
14000 
16000 

Flow Rate 
(ml/min) 
1333.3 
2000.0 
1282.1 
1315.8 
970.9 
847.5 
757.6 
854.7 
1418.4 
1408.5 
1388.9 
1369.9 
1438.9 
1307.2 
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INJECTABILITY TEST DATA 

Time(min) 
0.16 

- 
ITEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

- 

- 

Volume(m1) 
0.40 100 

Run: "-3 Membrane F i l t e r :  0.4-pm 1-pm Cuno P r e f i  1 t e r :  No 
Source Press:3800 p s i g  Run Press:1000 p s i g  D i f f e r e n t i a l  Press: 70 p s i g  

Source Temp: 13OoC 
T o t a l  F i  1 t e r e d  Volume: 4320 m l  Suspended Sol ids:  0.69 mg/l (0.63 pg/g) v 

Run Temp: 119'C 

I -  I Cumulative 

0.42 
0.65 
0.95 
1.26 
1.55 
1.84 
2.15 
2.50 
2.86 
3.19 
3.51 
3.86 
4.21 
4.53 
4.89 
5.24 
5.57 
5.96 
6.30 
6.68 

0.65 
0.81 
0.97 
1.12 
1.24 
1.36 
1.47 
1.58 
1.69 
1.79 
1.87 
1.96 
2.05 
2.13 
2.21 
2.29 
2.36 
2.44 
2.51 
2.58 

200 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
21000 

F1 ow Rate 
( m l  / m i  n) 
625.0 
384.6 
434.8 
333.3 
322.6 
344.8 
344.8 
322.6 
285.7 
277.8 
303.0 
312.5 
285.7 
285.7 

277.8 
285.7 
303.0 
256.4 

~ 294.1 

I 312.5 

I 263.2 

ITEM Time(min) A 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

7.35 
7.70 
8.08 
8.45 
8.79 
9.15 
9.49 
9.86 
10.21 
10.57 
10.97 
11.32 
11.72 
12.09 
12.52 
12.92 
13.44 
13.95 
14.47 
15.00 

-1 Cumulative 

2.71 
2.77 
2.84 
2.91 
2.96 
3.02 
3.08 
3.14 
3.20 
3.25 
3.31 
3.36 
3.42 
3.48 
3.54 
3.59 
3.67 
3.73 
3.80 
3.87 

2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 

F1 ow Rate 
(ml/min) 
294.1 
303.0 
285.7 
263.2 
270.3 
294.1 
277.8 
294.1 
270.3 
285.7 
277.8 
250.0 
285.7 
250.0 
270.3 
232.6 
250.0 
192.3 
196.1 
192.3 
188.7 
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crs INJECTABILITY TEST DATA 

Run: "-4 Membrane Fi 1 ter: 10.0-pm 1-pm Cuno Prefilter: No 

Source Press:3800 psig Run Press:1000 psig Differential Press: 0.1 psig 
Source Temp: 13OOC Run Temp: 13OOC 
Total Fi 1 tered Vol ume: 13,540 ml Suspended Solids: 0.27 mg/l (0.25 pg/g) 

- 
ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

- 

- 

Time(min 
0.09 
1.33 
1.71 
2.18 
2.61 
3.10 
3.50 
3.95 
4.44 
4.90 
5.34 
5.80 
6.27 
6.77 
7.23 
7.70 
8.42 
9.42 
11.28 
12.08 
13.84 

0.30 
1.15 
1.31 
1.48 
1.62 
1.76 
1.87 
1.99 
2.11 
2.21 
2.31 
2.41 
2.50 
2.60 
2.69 
2.77 
2.90 
3.07 
3.36 
3.48 
3.72 

Cumulative 
Vol ume(m1 

100 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
10000 
11000 
12000 
13000 
14000 
15000 
16000 
17000 
17500 
18000 
18200 
18400 

F l o w  Rate 
(ml/min) 
1111.1 
1532.3 
2631.6 
2127.7 
2325.6 
2040.8 
2500.0 
2222.2 
2040.8 
2173.9 
2272.7 
2173.9 
2127.7 
2000.0 
2173.9 
2127.7 
1388.9 
500.0 
268.8 
250.0 
113.6 
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INJECTABILITY TEST DATA 

Run: "-5 Membrane Filter: 0.4-pm 1-pm Cuno Prefilter: No 
Source Press:3800 psig Run Press:1800 psig Differential Press: 50 psig 
Source Temp: 13OoC Run Temp: 12OOC 
Total Fi 1 tered Volume: 4620 ml 

- 
ITEb 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

I_ 

- 

Time(mi n 
0.10 
0.79 
0.98 
1.37 
1.58 
1.98 
2.23 
2.53 
3.25 
3.62 
3.85 
4.10 
4.55 
4.91 
5.30 
5.68 
9.07 
9.50 
10.00 
10.50 
10.90 
11.40 
11.93 
12.43 
12.96 
13.39 
13.81 
14.25 
14.70 
15.37 
16.03 
16.35 

Suspended Sol ids: 1.3 mg/l (1.2 pg/g) 

fi 
0.3; 
0.85 
0.9: 
1. li 
1.2f 
1.41 
1.4: 
1.55 
1.8C 
1.9c 
1.9€ 
2.02 
2.1: 
2.22 
2.3C 
2.38 
3.01 
3.08 
3.16 
3.24 
3.30 
3.38 
3.45 
3.53 
3.60 
3.66 
3.72 
3.77 
3.83 
3.92 
4.00 
4.04 

Cumul ati v( 
Vol ume(m1: 

100 
600 
700 
800 
900 
1100 
1200 
1300 
1700 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 

Flow Rate 
(ml/min) 
1000.0 
724.6 
555.6 
256.4 
476.2 
500.0 
400.0 
333.3 
555.6 
540.5 
434.8 
400.0 
222.2 
277.8 
256.4 
263.2 
177.0 
232.6 
200.0 
200.0 
250.0 
200.0 
188.7 
200.0 
188.7 
232.6 
238.1 
227.3 
222.2 
149.3 
151.5 
312.5 
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ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

INJECTABILITY TEST DATA 

Run: "-6 Membrane F i  1 t e r :  10.0-pm 1-pm Cuno P r e f i l t e r :  No 

Source Press:3800 p s i g  Run Press:1800 p s i g  D i f f e r e n t i a l  Press: 1 p s i g  

Source Temp: 13OoC 

To ta l  F i  1 t e r e d  Volume: 5360 ml Suspended So l ids :  1.3 mg/l (1.2 pg/g) 

crs 
e 

Run Temp: 123OC 

ITEM 
2 1  

Time(min) Volume(m1) (ml/min: 
3.93 1.98 2100 400.0 

0.34 
0.57 
0.77 
1.00 
1.20 
1.44 
1.64 
1.81 
1.99 
2.16 
2.40 
2.51 
2.66 
2.84 
2.97 
3.16 
3.31 
3.48 
3.68 

- I Cumulative 

0.58 
0.75 
0.88 
1 - 0 0  
1.10 
1.20 
1.28 
1.35 
1.41 
1.47 
1.55 
1.58 
1.63 
1.69 
1.72 
1.78 
1.82 
1.87 
1.92 

200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 

I Flow Rate I I I 1 - 1  Cumulative I Flow Rai 

434.8 
434.8 
500.0 
434.8 
500.0 
416.7 
500.0 
588.2 
555.6 
588.2 
416.7 
909.1 
666.7 
555.6 
769.2 
526.3 
666.7 
588.2 
500.0 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 
34 
35 
36 
37 
38 
39 
40 - 

4.21 
4.38 
4.61 
4.84 
5.04 
5.39 
5.87 
6.26 
6.79 
7.26 
7.74 
8.25 
8.83 
9.40 
9.90 

10.44 
11.63 
12.60 
13.52 

2.05 
2.09 
2.15 
2.20 
2.24 
2.32 
2.42 
2.50 
2.61 
2.69 
2.78 
2.87 
2.97 
3.07 
3.15 
3.23 
3.41 
3.55 
3.68 

2200 
2300 
2400 
2500 
2600 
2800 
3000 
3200 
3400 
3600 
3800 
4000 
4200 
4400 
4600 
4800 
5000 
5100 
5200 

357.1 
588.2 
434.8 
434.8 
500.0 
571.4 
416.7 
512.8 
377.4 
425.5 
416.7 
392.2 
344.8 
350.9 
400.0 
370.4 
168.1 
103.1 
108.7 
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INJECTABILITY TEST DATA 

Run: "-7 Membrane F i  1 t e r :  10.0-pm 1-pm Cuno P r e f i l t e r :  No 

Source Press:3800 p s i g  Run Press:1500 p s i g  D i f f e r e n t i a l  Press:20 p s i g  
Source Temp: 13OOC Run Temp: 125OC 

To ta l  F i l t e r e d  Volume:10,110 m l  

- 
ITEM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14  
15 
16 

- Time(mi n) 
0.08 
0.87 
2.02 
2.69 
4.20 
5.48 
6.29 
7.27 
8.23 
9.54 

11.00 
12.77 
13.16 
13.60 
14.17 
15.43 

Suspended Sol ids:  0.41 mg/l (0.37 pg/g) 

0.93 
1.42 
1.64 
2.05 
2.34 
2.51 
2.70 
2.87 
3.09 
3.32 
3.57 
3.63 
3.69 
3.76 
3.93 

2000 
4000 
5000 
6000 
7400 
7600 
7800 
8000 
8200 
8400 
8600 
8800 
9200 
9400 
9600 

F1 ow Rate 
( m l  / m i  n) 
1250.0 
2405.1 
1739.1 
1492.5 

662.3 
1093.8 

246.9 
204.1 
208.3 
152.7 
137.0 
113.0 
512.8 
909.1 
350.9 
158.7 
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INJECTABILITY TEST DATA 

Run: "-8 Membrane Filter: 10.0-pm l-pm Cuno Prefilter: No 
Source Press:3800 psig Run Press:1000 psig Differential Press:<O.l psig 
Source Temp: 13OOC Run Temp: 129OC 
Total Filtered Volume:31,000 ml 

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
7 

Ti me (mi n 
1.39 
1.90 
2.40 
2.85 
3.36 
3.87 
4.34 
4.80 
5.33 
5.78 
6.27 
6.76 
7.26 
7.70 
8-19 
8.66 
9.25 
9.60 
10.13 
10.56 
11.05 
11.49 
11.98 
12.43 
12.92 
13.35 
13.82 
14.29 
14.73 
15.16 

Suspended Sol ids: 0.026 mg/l (0.024 pg/g) 

- 
$G 
1.18 
1.38 
1.55 
1.69 
1.83 
1.97 
2.08 
2.19 
2.31 
2.40 
2.50 
2.60 
2.69 
2.77 
2.86 
2.94 
3.04 
3.10 
3.18 
3.25 
3.32 
3.39 
3.46 
3.53 
3.59 
3.65 
3.72 
3.78 
3.84 
3.89 - 

Curnul ati vc 
Vol ume(m1: 

2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
10000 
11000 
12000 
13000 
14000 
15000 
16000 
17000 
18000 
19000 
20000 
21000 
22000 
23000 
24000 
25000 
26000 
27000 
28000 
29000 
30000 
31000 

Flow Rate 
(ml/min) 
1596.6 
1960.8 
2000.0 
2222.2 
1960.8 
1960.8 
2127.7 
2173.9 
1886.8 
2222.2 
2040.8 
2040.8 
2000.0 
2272.7 
2040.8 
2127.7 
1694.9 
2857.1 
1886.8 
2325.6 
2040.8 
2272.7 
2040.8 
2222.2 
2040.8 
2325.6 
2127.7 
2127.7 
2272.7 
2325.6 
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INJECTABILITY TEST DATA 

0.72 
1.39 
2.11 
2.80 
3.65 
4.72 
5.31 
7.12 
8.24 
10.00 
12.62 
13.73 
15.17 

Run: "-9 Membrane Fi 1 ter: 10.0-pm 1-pm Cuno Prefilter: No 
Source Press:3800 psig Run Press:1000 psig Differential Press: 1 psig 
Source Temp: 13OOC 
Total Fi 1 tered Volume: 5850 ml Suspended Solids: 0.48 mg/l (0.44 pg/g) 

Run Temp: 127OC 

0.85 
1.18 
1.45 
1.67 
1.91 
2.17 
2.30 
2.67 
2.87 
3.16 
3.55 
3.71 
3.89 

ITEM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Cumulative 
Volume(m1) 

100 
1000 
2000 
3000 
4000 
4800 
5000 
5100 
5200 
5300 
5400 
5500 
5600 
5700 

Flow Rate 
(ml /mi n) 
1666.7 
1363.6 
1492.5 
1388.9 
1449.3 
941.2 
186.9 
169.5 
55.3 
89.3 
56.8 
38.2 
90.1 
69.4 
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026-050 6.00 35 1 - 3 75 19.00 
051-075 7.00 376-400 20.00 
076-100 8.00 401-425 21.00 
101-125 9.00 

~ 426-450 22.00 
126-150 10.00 45 1-475- 23.00 
15 1-1 75 11.00 . 476-500 24.00 
176-200 12.00 501-5 25 25.00 
201-225 . 13.00 526-550 26.00 

' 226-250 14.00 ' 551-525 . 27.00 
251-275 15.00 5 26-550, 28.00 1 -  

' . 301-325 

* I  

... 
I .  

. I 

.p? 

F 

I 



- -  

, .  " 9 -  

$00 
00 

.i.;.i' i 


	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37



