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IMPROVING THE PERFORMANCE OF BRINE WELLS AT GULF COAST’ 

STRATEGIC PETROLEUM RESERVE SITES 

ABSTRACT 

A t  the request of the Department of Energy, we developed f ie ld  techniques 
to evaluate and improve the injection of brine into‘wells a t  Strategic Petro- 
leum Reserve (SPR) sites. These wells are necessary for t h e  disposal of satu- 

rated brine removed from sa l t  domes where o i l  is being stored. The wells, 
which were accepting brine a t  50 percent or less of their in i t ia l  design rates, 

were impaired by saturated brine containing particulates that deposited on t h e  

‘sand face and i n  the geologic formation next to the wellbore. Corrosion of 
the brine-disposal pipelines and injection wells contributed to the impairment 
by adding significant amounts of particulates i n  the form of corrosion 
products. 

When we implemented our tests a t  the SPR sites, we found that the  poor 
quality of injected brines was t h e  primary cause of impaired injection; that 
granular-media filtration, when used wi th  chemical pretreatment, is an effec- 
tive method for removing particulates from hypersaline brine; that satisfac- 
tory injection-well performance can be attained with prefiltered brines; and 
that corrosion rates can be substantially reduced by oxygen-scavenging. 

eJ 
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CHAPTER 1 

GENERAL REVIEW 

L. B. Owen and R. 
i 

1.1 INTRODUCTION 

- The Strategic Petroleum Reserve (SPR) Program of the Department of Energy 

(DOE), enacted Apri 
b i l l i o n  barrels of crude o i l  to offset the immediate effects of a severe 
disruption i n  the normal supply of imported oil.  
si tes i n  Texas and Louisiana were initially selected for o i l  storage because 
of their availability and their proximity to interstate o i l  pipelines and 
tanker ports (Fig. 1-1) One of these SPR si tes consists of mined 

near-surface. dry chambers: the others are deep water-leached caver.ns i n  
subsurface sa l t  domes. 

. The water-leache 

18, 1977, provides for the storage of as much as one 

Five underground storage 

rns are a t  depths ranging from 305 to 1220 meters 
and are filled w i t h  saturated sodium-chloride brine. 
forces equivalent 
transported or stored. 

ansporting the b 
already planned'or are being constructed a t  t h  

Gu l f .  The other si tes are too far inland to make brine disposal i n  the G u l f  

cost-effective. Therefore, a t  the inland sites, t h  displaced brine is 
injected through deep'wells (1200 to 2400 mete 
formations. The same su process is also necessary a t  
the neardulf s are completed. 

During f i l l i n g ,  the o i l  

lumes of brine to the surface, where it must be 
, .  

Disposal pipelines fo e Gulf of Mexico are 
age s i tes  nearest the 

k 

) into permeable geologic 

apid and irreversible decline 

s to 50 percent or les i t i a l  design rates. I n  
a lement a means for 

ec practices a t  three SPR sites (Bayou Choctaw, 
West Hackberry Bryan.Mound) and to d s for improving 
injection-well rmance. SPR person c t  
resulted primarily from the poor quality of untreated brines 
to the geologic formation during well drilling. 

from damage 

LLL was chosen for t h i s  task because of t h e  experience it gained when 

evaluating processing requirements for long-term injection of hypersaline 

1 



brine (20 to 30 weight percent total dissolved solids a t  100 C) produced a t  
the Salton Sea Geothermal Field i n  southern California. 

The SPR field activities began i n  late December, 1978, a t  West Hackberry ij’ 

and were concluded by April, 1979, a t  Bryan Mound. 

1.2 LLL FIELD PROGRAM 

To ensure satisfactory long-term performance from the brine-disposal 
system, UL personnel designed and implemented a program to identify problems 
i n  the injection process, to e 
processing, and to determine t 
program consisted of five parts: 
1, Brine characterization was undertaken to determine the chemical and 

physical properties of a l l  injected f luids .  

Injectability testing was undertaken to determine how fast  and how much 
raw brine can be injected and to determine the possible improvements i n  
well performance if brines are processed. 
Brine processing was studied to establish minimum requirements for 
preinjection filtration of brines through granular-media systems. 

(National Technical Service, Corvallis, Oregon, under a subcontract, 
assisted i n  establishing fi l tration system requirements for SPR injected 
effluents.) 

2. 

3. 

L: 

4.  Corrosion was assessed to determine the nominal corrosion rates of raw 
brines: to ascertain the potential for bacterial-induced corrosion: and to 
identify optimum oxygen-scavenging systems and their effect on the 
corrosiveness of brine. 
consulting agreement wi th  Professor Richard Morita of Oregon State 
University. 
Reservoir assessment was undertaken to characterize SPR injection 
reservoirs by analyzing geological, geophysical, and we 
and by testing the response of neighboring SPR wells a t  Bayou Choctaw. 

The reservoir assessment plan was designed by LLL personnel and 
implemented under a subcontract to Keplinger and Associates, Inc., 
Houston, Texas. 

The biological assessment was completed under a 

5. 

performance data 



1.3 SUMMARY 

u 1.3.1 Brine Injection 

Figure 1-2 is a generalized schematic diagram of an SPR oil-storage 
injection system. O i l  is pumped into brine-filled caverns through the annulus 
of a cavern entry w e l l ,  displacing equivalent volumes of brine from the cavern 
into large surface surge ponds that also act as crude settling'basins for 
removing suspended solids, . The untreated brine is then pumped directly from 
t h e  surge ponds to injection we116 up to 4 km away, a t  rates of up to 2OO,OOO 
bbl/d . 

The extensive deposits of relatively shallow (1200 to  2500 meters deep), 
unconsolidated Miocene sands that underlie the G u l f  Coast are ideal for brine 
i n j e c t i o n  because they are wellvisolated from potable aquifers, have a large 
storage capacity, and are very permeable (0.8 to 5 darcies) 'and porous (25 to 
35 percent). 
30 , 000 bbl/d/well. 

Inject ion wells completed i n  these sands were expected to accept 

Because wells a t  Bayou Choctaw and West Hackberry were 'performing a t  
50 percent or less of their initial.design rates, we made a preliminary review 
of operational activities a t  these'sites. 
identify potential causes for the decrease i n  brine-injection rates. 
the main causes appeared to be the deposition of suspended solids from 
untreated brines on the sand face (the surface of the drilled formation 
exposed to brine) and wi th in  the geologic formation next to the wellbore. 
Others were insufficient reservoir capacity for desired injection rates and 

From our review, we were able to 
One 

possible deficiencies i n  well design or completion i s  

We set up a st facil i ty next to the main br s a t  each SPR 
site. 
equipped wi th  LLL analytic and test  equipent. We used small (20-mm-dim) 

lines to bring various process streams, including strong (saturated) brine 
from the surge ponds, low-salinity dilution water 
cavern leach brine, directly into the trailer for granular-media fi l tration 
and injectability tests (Fig. 1-3). We also equipped the t r a i l  
could characterize the physical and chemical properties of the brine. 
measure the injectability of 'raw brines a t  the injection s 

This  facility, consisting of one large trailer (3 by 15 meters), was 

and weak (undersaturated) 

. 

To 
which were up 
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to 4 km from the surge ponds, we outfitted a mobile van. 

i n  the  van allowed u s  to p r e f i l t e r  the brines, using cartridge f i l ters  to 
s imula te  the effect of processing on i n j ec t ab i l i t y .  

The test apparatus 
~ 

1.3.2 Brine Characterization 
~ 

Table 1-1 summarizes the characteristics of various process streams 
h a t e l y  in jec ted  a t  SPR sites. 

The cavern brines were satur nearly sa tura ted  s a l t  

notable-but apparently harmless amounts of known sca l ing  and solid-forming 
constiituents. They =re a l so  re t i v e l y  clean, containing less than 3 ppm 

suspended sol ids .  
Dur ing  the  approximately 24 hours the br ines  resided i n  t h  

they became oxygenated and contaminated wi th  windblown soil and 
derived p r inc ipa l ly  from the  pond berms. 
the same period resu l ted  i n  s ign i f i can t  sa l t  prec ip i ta t ion .  

To offset the sa l t  prec ip i ta t ion ,  SPR personnel d i lu te  

10 percent with untreated lake and r i v e r  water; a t  other  t 
these same sources  of fresh water to leach new caverns and then in jec ted  the  

residual e f f luen t  d i r ec t ly .  However, the  d i l u t i o n  waters were q u i t e  turbid,  
containing up to 100 ppm suspended solids, and they s ign i f i can t ly  increased 
the p a r t i c u l a t e  load i n  the in jec ted  e f f luents .  Corrosion of the  carbon steel 
piping and well casing also added suspended solids, i n  t h e  form of iron-rich 
corrosion products, to the brine. 

A s l i g h t  to moderate cooling during 

To e s t a b l i s h  whether post-injection p rec ip i t a t ion  might 

we conducted incubatian tests at  the  highest  probable injection-wellhead 
temperature (3SoC), using brine samples from the surge ponds. 
found these brines did not tend to form new p a r t i c u l a t e s  over a 24-hour period 
a t  the higher temperature. 

1.3.3 I n j e c t a b i l i t y  T e s t s  

However, we 

We establ ished brine i n j e c t a b i l i t y  with a combination of-membrane- 

f i l t r a t i o n  tests and p a r t i c l e  s i z e  analyses. 
the primary means by which we established raw brine i n j e c t a b i l i t y  and 

determined haw much injection-well  performance could be improved by 

Membrane-filtration tests were 

4 



b 
preprocess i ng b cle- coun t i ng device wi th  

butions. It was 
ot f i l t e r  systems 

allowed us to correl 
effects 'on brine qual i t  
d i s t r ibu t ions .  

i l t r a t i o n  tests described i n  the  l i t e r a t u r e  
involve flowing water 
d i f f e r e n t i a l  pre 

suspended solid 

the subsurface in j ec t ion  

ne-f i l t r a t i o n  

The r e s u l t s  of 

were maintained wh ine  was filtered 

assumes that in j ec t ion  rates decl ine when particula 
within the wellbore or on the sand face,  or when t 
zone. The res i s tance  of 
resistmice of the na tura l  

are deposited and cake 
nvade the in j ec t ion  

t i on  eff ic iency.  Ta the 

SPR sites. 
I 

1.3.4 B r i n e  Prbcessing 

ipped our test 
ters that cou 

0.10-m-dim Lexan Ad was equipped w i t h  t h e  flow- and pressure-monitoring u instruments needed to quant i fy  performance. 

5 



To e s t a b l i s h  performance e under various conditions,  we operated 

the f i l ters  with and without c ts and aids and with d i f f e r e n t  

r media. Because there wa documentation i d r  

of  chemical coagulants i n  hypersaline brines,  we used convent 
procedures to f i e ld - t e s t  nu ulants.  With experime 
f i l t r a t i o n  systems (systems t rate of 6 x 10 m /s), 
we subsequently ve r i f i ed  t ar-weight, anionic crylamide 

polymers are e f f ec t ive  coagulants i n  brines. However, w e  fou a t  the 
a c t i v i t y  of these canpounds 

-5 3 

by t he  presence of residual 

rbon contaminants or s a l i n i t y .  Under these  
c polymers were more 

A t  the Bayou Choctaw si 
subpi lo t  scale-f  i l t r a t i o n  te 

ble to compare the  r 
i t h  data generate 

re operated simultan 
s were part of an i n  

y granular-media f il te 
capacity commercial pilot 

DOE-funded study to iden t i f  
system for i n s t a l l a t i o n  a t  

capable of producing processed brines  with less than 0.3 ppm (by weight) 
suspended solids, a performance equivalent to t h a t  obtained with t h e  l a rge r  

e f f ec t ive  commercial f i l t r a t i o n  
s cons i s t en t ly  

rcial systems. I n  general ,  the  combination of chemical pretreatment and 
granular-media f i l t r a t i o n  is an e f f e c t i v e  method f o r  removing p a r t i c u l a t e  

matter i n  hypersaline brines. The ut j a r - tes t ing  procedure for systematic  
screening of ac t ive  chemical coagulants  and f i l t e r  aids and our use of 

are cost-effect ive f i e l d  evaluation techniques. subpilot filters 

1.3.5 Corrosion Assessment 

The i n j e c t a b i l i t y  test data indicated t h a t  the q u a l i t y  of raw br ines  
declined s ign i f i can t ly  between the  o u t l e t  of t h e  surge pond 
wellheads and that differences i n  the f i l t r a t i o n  properties 
caused by the  production of new, iron-rich p a r t i c u l a t e  matter (magnetite-- 

Fe3O4) from corrosion of the injection-system pipel ine.  Therefore, we ran 
severa l  tests designed to assess the corrosiveness of untreated b r i n e s  and to 
iden t i fy  possible remedial procedures. 

We measured t h e  dissolved oxygen rocess streams and ob 
cavern br ines  became oxygenated as they flowed through surge ponds, w h i l e ,  

6 



t h  atmospheric oxygen 
sed s ign i f i can t ly  i n  

6, 
To reduce the corrosion rates to acceptable leve ls ,  necessary to 

en from i n j e c t  
iygen scavengers i n t o  e f  

piping. Because no da ta  

he optimum scavenger-catalyst 

test setup f o r  these experiments is included i n  Fig. 1-3. W e  passed br ine 
through a 50-nun- (2-inch) diam pipe a t  a ve loc i ty  equivalent to t h e  n m i n a l  
ve loc i ty  [about 1 m/s (3 .ft/s)] i n  the main injection-system piping, and we 
provided an i n j ec t ion  poin t  for the  scavenger ( su l fur  dioxide gas)* and 
c a t a l y s t  (copper chlor ide)  near the inf luent  point.  Electrochemical corrosion 

nd downstream of t h e  u scavenger inlet. An almost instantaneous decrea r ros ion  rates occurred 

from about 0.6 rmnJy (24 mils/y) i n  raw br ine  to y (1 mil/y) or less i n  
scavenged brine. 

rates of up to 150,000 bb 
The use of oxygen scave 

37.6 Mg (8.28 x l o 4  lb )  

reduction i n  

would be desirab 
to the hypersali 

performance capabilities of subsurface disposal systems. 

was an integral part of our e x d n a t i o n  of ex i s t ing  SPR in jec t ion  

Reservoir assessment 
&r 
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capabilities. I n  conjunction w i t h  Keplinger and Associates, we undertook a 
detailed analysis of a l l  available g logic and-geophysical data for the Bayou 

well test program a t  Bayou Ch 

face stratigraphy and structure 
Choctaw SPR site. We also completed L’ 
From these data, we reconstruct 
and estimated the total reservoir me available for storage of 
effluents to determine i f  reduced ction rates reflected poor 

icient reservoir capac 
that the reservoir ca 

r preliminary assessment, we 

fficient and that design i n  
rates of 30,000 bbl/d were possibl , we found that 

adjacent to the injection wells 
particulates and irreversibly in i t ia l  drilling 
by subsequent injection of untreat ffluents. Our work indicated that 
pre i n j e c t  ion br ine-process i ng syst 
a t  SPR sites where long-terk injection w i l l  be required. 

- 
iously invaded by f i  

should be installed as soon as possible 

1.4 FUXOMMEXDATIONS 

i 

1 . 4 . 1  Reservoir Assessment 

1. Standard o i l  field d r i l l i n g  practices should be implemented i n  the SPR 

project w i t h  emphasis dn drilling fluid and corrosion control programs. 

2. A D r i l l i n g  Advisory Group should be formed to review a l l  future w e l l  plans 
and drilling, coring, and w e l l  completion operations. 
Specific responsibilities should be allocated to members of the advisory 
group i n  their areas of expertise. 
coordiMte properly among themselves; under no circumstances should there 
be more-than one final authority i n  any phase of the operation of the 

wells. 

3. 

It w i l l  be incumbent upon the group to 

4.  Future selection of d r i l l i n g  contractors should be based on the abil i ty of 
prospective contractors to perform and on their history of success under 
similar conditicns. Drilling contracts should be awarded to companies 
w i t h  local knowledge and local crews. 
the  award of each contract. 

Rigs should be inspe 

5 .  New SPR wells should be gravel-packed, screened, and backwashed 
compressed a i r l i f t  techniques. 

filtered brine should be injected. 
For in i t ia l  testing, only treated, 
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6. 

id 
7. 

8. 

9. 

10. 

11 0 

12 . 

Before injection operations begin on any new well, the surface filtration 
and scavenger systems 
operation. 
Effective and reliable operational well data collection prbcedures should 
be implemented at all SPR sites. 
A comprehensive testing program for all sends penetrated by existing SPR 
injection wells should be completed to assess the extent of skin damage 
caused by the injection of untreated brine. 
A plan should be formulated for recompletion of damaged injection wells 

if skin damage is too severe for remedial workover ( i .e . ,  acidizing). * 

Effective injection monitoring and maintenance programs on all data 
recording -equipment should be implemented at all SPR sites. 
Effective supervision of all injection well operation and maintenance 
schedules should be implemented on all SPR sites. 
A Phase 11 program-is recommended e0 evaluate the other SPR sites in 
sufficient detail to define present geological conditions and necessary 
.remedial responses to improve well injectability and operational 

longevity. .Initial emphasis should be keyed to the-development 

under consideration must be on line and in 

1 

activities at the Sulphur Mines, site in an effort (a)' to obtain proper 
baseline geological data (e.g. , cores) initial formitidn fluid samples, 
and initial temperature and pressure data; and (b) to ensure that proper 
drilling completion practices are employed. 
generally or specifically useful in reconstructing initial subsurface 
conditions at the other SPR sites. 
water sensitivity problems and injected effluent-in situ fluid 
incompatibility problems should be addressed. 

kid 
. 

Such baseline data may be 

In particular, potential formation 

1.4.2 Brine Characterization 

Based on our experi iodic 
chemical monitoring of S ized 
in Table 1-3. 
maintaining proper functioning of the brine conditioning and injection 
systems. 
disposal at rates on the order of lo5 bbl/d. 
operation, the frequency of analygis could be reduced. 

Periodic chemical monitoring activities are essential 'to 

The frequency of sampling and analysis is b 
During odS of intermittent 

Except for solids 
LJ 



identification, most of the analytical requirements can be satisfied by 
e personnel using conventional water analyses kits. The quart 

comprehensive analytical requirement should be satisfied by a local 

or. 
reducing bacteria to hypersaline brine should also be conducted by a 

An annual assessment of the potential for adaptation of 

contractor . 
1.4.3 Preinjection Brine Clarification 

Filtration of all effluents injected at SPR sites is mandatory for 
satisfactory operation of brine disposal wells. 

The surge ponds at SPR sites should be improved where possi 
their utility as settling basins. 

Pond berms should be cleaned and paved to eliminate the introduction of 
extraneous solids that contwinate injected effluents. 
An evaluation should be made to determine the feasibility of covering 
surge ponds to eliminate wind-induced disturbances that interfere with 
particulate settling and introduce new wind-blown debris. 

2. 

3. 

4. 

5. While technically feasible, the potential benefits of prefiltering cavern 
leach waters do not appear to justify added costs. 
A single effluent filtration system should,be installed at an appropriate 

. 
6. 

.point in the main SPR site injection lines for the conditioning of all 
injected effluents. 

Suitable granular media clarification systems for SPR sites are 
summarized in Table 1-4. 
Granular media filtration systems requiring chemical feeds should be 
equipped with coagulation control centers to regulate chemical additives 
and feed rates in accordance with varying brine characteristics. 
Stringent operational monitoring and quality control measures should be 
instituted to ensure proper operation of filtration systems at SPR sites. 
Residual polymer in clarified e€ 

injection well impairment 
In particular, a disposable cartridge filtration system should be 
evaluated as a possible method for removal of excess polymer from 
conditioned effluents prior to injection. 

7. 

8. 

9. 

uents.are a potential cause of 

i 
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11. Subpilot tests should be run at new SPR sites in order to establish brine 
conditioning requirements. 
Postprecipitation tendencies of processed effluents should be part of the 
evaluation process of clarification requirements at all.new SPR sites. 
Since ultrafiltration is effective without chemical pretreatment and is 
relatively insensitive to changing brine conditions, it:merits further 
evaluation for clarifyin ge quantities of brines. . 

12. 
11. 

23. 

1.4.4 Corrosion Control 

1. Oxygen scavenging systems at all SPR sites are required to eliminate 

corrosion product-induced. damage to injection wells. 
An effective oxygen scavenging system for hypersaline brine>consists of a 
sulfur dioxide scavenger and 
Biocide additions are not’required to control growth of sulfate 
bacteria in SPR injection,syst . . Nearly saturated brine ti 
an effective biocide. HGever more detailed evaluation o 

2. 
er or cobalt catalyst . 

< 
3. 

inflow leaching system might be warranted since fresh water with high 

Oxygen scavenging systems should be integrated with brine figtration 

ctivity is employed for this operation., 
4. 

5. 

plants to control overall costs. 

A routine monitoring program f 
satisfactory 

each site is desirable to ensure 
rmance of the oxygen scavenging systems, ’ 

‘1 

11 
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Constituents,  mg/E 

Source of Density , Dissolved Total  Dissolved Suspended 
process stream pH g/& c1- Fe Fe Ca++ SO; HCO; s o l i d s  s o l i d s  

West Hackberry 
Cavern 
Surge pond 
In j ec t ion  s i te  

Bayou Choctaw 
Cavern 
Surge pond 
In j ec t ion  site 

Lake  

Weak brine 
Bryan Mound 

Cavern 
Surge pond 

In j ec t ion  site 
River 

7.5 
7.6 

7.6 

6.8 
6.8 
6.9 
7.8 
6.5 

6.8 

6.9 
6.8 

8.1 

1.182 
1.177 

1.176 

1.197 
1.196 
1.189 
1.0 
1.173 

1.198 
1.191 
1.186 

172,000 - a 0.19 650 1475 294 
0.40 612 1319 293 a 170,000 - 

a 167,000 - 
a 192,000 - 

191,000 0.14 398 700 148 
184,000 0.17 380 650 159 

53 0.36 28 17 103 
164,000 0.48 1.10 1060 1115 97 

197,000 1.35 

187,000 0.39 
179,000 0.43 

a 

288,300 

- 

288,200 

312,100 
312,800 

a - 

278,700 
308,800 

b 

2.9 

3.3 

b 

- 

C 

22.4 

b 

4.5 
6.8 

- 

1.0 240 0.28 

%lot determl ned . 
bUnreliable because of sa l t  p rec ip i t a t ion .  
'After 5 to 10% d i l u t i o n  with untreated lake water. 

c 



TABm 1-2. 

si tes based on 10-l.lm membrane filtration data.a 

Estimated half-life of injection wells a t  three SPR 

Estima'ted half-lixe, yr , 
a t  indicated brine 

Weak brine 
site 

b 

b 
West Hackberry None 0.20 0.16 - 

Filtered 50 7 
Bayou Choctaw None 0 0 0.02 

- 

.39 
b Filtered 30' - 

b 0.25 0.02 - 
F il tersd 50 53 , -b 

Bryan Mound None 

%he half-life of an injection well is the time required for the 
injection rate, a t  constant pressure, to f a l l  to.one-half of its 
i n i t i a l  value. 
hot available for testing. 
'Direct filtration of strong brine was not feasible because of sa l t  

precipitation3 therefore, the half-life estimate is based on the 
fi l tration of 90 strong brine and 10 dilution water. 

i 

. I  
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TABLE 1-3. Recommended brine chemistry monitoring program. 

Type of analysis at indicated frequency 

, Source Daily Weekly Monthly Quarterly 

Pond input 
(caverns) 

Pond discharge 

Weak brine 

PH 
Density or 
c1- 
Temper at u r e 

PH 
Density or 
c1- 
Temperature 

PH 
Density or 
c1- 
Temper at ure 

Injection site - 
brine 

Dilution water -- 

Dissolved and total iron 
Dissolved oxygen 

Suspended solids >0,4 pm 

Dissolved and total iron 
Dissolved oxygen 

Suspended solids >0.4 pm 

Dissolved and total iron 
Dissolved oxygen 

Suspended solids >0.4 pm 

pH, density, or Cl', 
temper at ur e . 
Dissolved and total iron 
Dissolved oxygen 
Suspended solids >0.4 urn 

P% 
Suspended solids >0.4 

Complete water 
analysis, including 
solid phase 
identification 

Complete water 
analysis, including 
solid phase 
identification 

Complete water 
analysis, including 
solid phase 
identification 

-_ 

One-time complete 
water analysis 

4- c c 



c c c. 

,TABLE 1-4. Recommended granular media clarification systems for SPR sites. 

Comments construction A 

Triple media 1. Less alum is required 

garnet) or brine flaw. 
Hackberry Al (coal, sand, during periods of strong 

2. Straining without 
chemicals is sametimes 
effective. 

the presence of oil 
contamination, 

2. Dual media filter is 

laser tot& throughput . 
brine injection alum may 
be necessary in place of 
Visco 3340. 

I 

(coal, sand, 
ic polymer garnet) 

d at these sites and was as effective and less sensitive 
changing brine conditions. 

to 



I * I 

Bayou Chocta 
0 & Weeks Island 

x a n  Mound 

FIG. 1-1. 

storage. 
s torage capacity of 89 mil l ion barrels ( in  the  form of two mined, near-surface 

chambers). 
50,000 and 60,000 bbl/d, respectively.  
Hackberry, Bayou Choctaw, Sulphur Springs (under development), and Bryan 
Mound--are deep, water-leached caverns i n  subsurface sa l t  domes. 

Approximately 87 mil l ion barrels of crude o i l  are now stored i n  these deep 

caverns, and t h e i r  t o t a l  storage volume w i l l  be expanded to 210 mi l l ion  

barrels when fresh-water leach-mining techniques are used to create new 
caverns i n  the  subsurface s a l t  domes. 

Map of coastal Louisiana and Texas, showing SPR sites for crude-oil 
When completed, the Weeks Island s a l t  dome w i l l  provide a dry 

The ant ic ipa ted  fill-withdrawal rates of the two chambers are 

The other s torage sites--West 

A disposal p ipe l ine  f o r  t ransport ing 
brine 
1979. 

abou t  

to the Gulf of Mexico was completed a t  Bryan Mound during the  summer of 

2 years. 

Construction of a G u l f  disposal p ipe l ine  f o r  West Hackberry should t a k e  

c 
16 



Oil-storage wells LBrine injection wells Fresh water 

FIG. 1-2. Oil-storage and brine-disposal system. In  t h i s  system, o i l  is 

pumped i n t o  a sa l t  dome, displacing equivalent amounts of br ine from leached 
caverns into sur face  surge ponds. The displaced br ine is then pumped from the  

surge ponds i n t o  in jec t ion  wells located up to 4 km away. New caverns are 

leached i n  the  s a l t  dome by in j ec t ing  f r e sh  water. The weak (undersaturated) 
leach br ines  displaced to the surface are also pumped to the in jec t ion  wells. 

17 



Test facility 

- 
Granular- 

media 
filtration - - 
systems 

-- 

* 

Injection 

apparatus 
test - 

a Dilution water 

Weak brine 

0 Strong brine 
Bypass valve for 

corrosion exDeriment 

Corrosion Corrosion 
Flow meter i monitor 

0 I Hold-up 
monitor 

n 
volume U 

Ox ygen-scavenger 
injection point 

Surge 
pond 

* 

t Waste 
effluenl 

i 
FIG. 1-3. Plan view of the Lu test facility. Lines leading into the trailer 

carried process streams for granular-media filtration and injection tests. 
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CIhP'IXR 2 

RESERVOIR ASSESSMENT , 

bell,* G. Mistrot 

. *  
2 . 1 INTRODUCTION 

nc. I performed .the Phase I evaluation ., of the 
ated .the dri4ling and completion 

 used a t  a l l  SPR si tes where data were available. Subsurface 
1 .  

reservoir testing was designed and conducted I .  on,selected injection wells a t  
W. Regional .injection well histories were ~, reviewed to 

characterize the typical proble untered .in high-volume brine injection 
d to s m a r i z e  pertinen ices that related to the 

SPR program. As part of n t  of a Phase I1 program, a smmary, 
based on the results of Phase I, was prepar 
would need immediate detailed evaluation and response. 
emphasizes Bayou Choctaw and Sulphur,Mines, w i t h  priorities to be designated 
by DOE for West Hackbe 

of the cr i t ical  path topics that 
The Phase I1 program . 

and Bryan Mound 

2.2 GEOICXX; INTERPRETATIONS 

valuation was undertaken for the SPR Bayou Choctaw s i t e , ,  
ta were incorporated i n  the eval ion. The Bayou Choctaw 

injection field sit 
storage s i te  that i 

because it is loca i n  an area near-the 
antly influenced by faulting surrounding the 

though there would be other 

Miocene sand 

to 7710 feet, and they . 
~ 

iocene section is a widely 

<. 

r and Associates, Inc., Houston, . /  Texas 



2.2.1 Permeability and Porosity 

Conventional cores are ava i l ab l  from only two wells i n  t h e  Bayou Choctaw L' 
i n j ec t ion  f ie ld ,  b u t  sidewall  cores are ava i lab le  from nine 

(Appendix I). Core analyses and log in t e rp re t a t ions  ind ica te  en t ly  
high porosity (generally 30 to 36 percent) and permeabili ty (general ly  over 

The sands are f i n e  

s ieve  analyscs ind ica tes  only 4 

c lay  content derived f r  
uncorrected effects of s h a l l  

coarse-grained, and the only 

cent silt and clay. Values of 
araband-type- logs could b 

The self-potential curve the gamma-ray, r e s i s t i v i t y  curve and 

the neutron-density cross p l o t  are used to ca lcu la te  the silt and 
ages, 'When the  se l f -poten t ia l  is reduced by the  effec 

invasion, the Saraband computer 
ac tua l ly ,  however, the shallow invasion indicates a sand wi th  

content. 
radioact ive enera1 content, for is excessive shale value. 

rogram i n t e r p r e t s  t h i s  as 

Ik should be noted tha here are other possible  cau 

Sidewall core permeabi l i t ies  could be unreliable because of distortion' 
caused by the  percussion sampling, bu t  t he  values given by the 

q u i t e  reasonable. Although theo re t i ca l ly  there would be greater 
wi th  depth i n  the  in t e rva l  4345 to 7710 feet, no s i g n i f i c a n t  
porosities or permeabilities is indicated v i a  log ca lcu la t ion  
were ava i lab le  from the deepest sand, Sand In t e rva l  8, b u t  log in t e rp re t a t ion  
ind ica tes  t h a t  it may be j u s t  as porous and permeable i n  both the  v e r t i c a l  and 
horizontal  d i rec t ions  as the shallower sands. 

LJ 

Keplinger performed a sand count on W e l l  1. This  w e l l  was chosen because 
it was deep and because it was dri l led w i t h  a fresher mud, t hus  making the  

sand count more precise .  
28 percent shale from 3500 to 7560 feet. 
wells have been 'drilled on t h r e e  pads (Plate IV)  , 

correlated throughout the injection. f ie ld  and beyond. 

i n  both t h e  predominantly sindy i n t e r v a l s  and i n  the  predominantly s h  

in te rva ls .  

The sand count indicated 72 percent sand and 
A t  the present time, 

A l l  sand 
Lent 

Evidence from the logs suggests that much of this l e n t i c u l a r i t y  i n  the 

sand i n t e r v a l s  is sand-on-sand lensing which usual ly  w i l l  not l i m i t  t he  

reservoi r  for in jec t ion  purpose There would probably be some v e r t i c a l  
L' 
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-. 
permeability reduction at sand 1 undar ry was a few 

cd 

ands and thin to 

present, it would not limit the reservoirs fo 

units would probably be faulted against ot r sand units allowing for a 
continuous reservoir. Such a fault contact would'lead to a minor, 
insignificant 

*. 1 - _  reduction in permeability. 
* -  - 7  

, I  a 

2 .. 



2.2.3 Baseline Subsurface Pressure an 

on zones L 

Sand In t e rva l  8. The temper 

because of the i n j e c  

urface to app 

2.2.4 Baton Rouge 2800-Foot Aq 

Based on work by Smith,l Magorian has ide 
of the lower sand u n i t s  of the Baton Rouge 2800-foot aquifer.  2 

published by S m i t h  have now been reviewed. 
between the nearest  well used i n  Smith's cross sec t ions  (Amerada P 

Corporation #1 A i l l e t  Es t .  e t  al. Unit, Sec. 102 T S 12 E West Baton Rouse 

Correlat ions have b 

~ 

Parish,  Louisiana) and wells i n  the br ine in jec t ion  f i  

between the  known 2800-foot aquifer  and Sand In t e rva l  - 
( I  

addit ion,  the f r e sh  r port ion of the 2800-fobt is separated f 

Bayou Choctaw f i e l d  by a major growth f a u l t ,  the  Addis t (bounding fa 
of the West Addis f i e l d )  and the Baton Rouge f au l t .  

The tests conducted i n  ctaw in j ec t ion  f i e l d  i n d i  

(25 psi i n  4000 feet). The magnitude s t rong southeast  f low i n . S  

and possibly the  d i r ec t ion  of t h i s  
Sand In t e rva l  6 is probably, i n  

Well 1 was open to both'sand in t e rva l s  and may not have been prop 
The most l i k e l y  gradient  i n  Sand In t e rva l  1 is to the  

be s l i g h t l y  southeast  or southwest. Any br ine  delibe 

in jec ted  i n t o  Sand In t e rva l  1 should ten 

aquifer.  Based on our pre 
the 2800-foot sand or any other  Baton Rouge 

highly unlikely. Fur t he  , however, i 

posi t ion.  

flow away from 

A monitoring program, discussed elsewhere i n  t h i s  report, is 

L 
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capable of monitoring the behavior of Sand Inte'rval' 1 under conditions imposed 

during in j ec t ion  operat ions (Sectibn 2.3). " ' 

icrd 
2.2.5 Overview 

The geological data indicate t h a t  althoug 

f au l t i ng  may e x i s t ,  t he  in jec t ion  reservoi rs  a 
square miles. 
tests conducted i n  Sand In t e rva l  6. I n  addi t ion,  the m o s t  recent  f l u i d  level ~ 

measurements i n  Sand In t e rva l s  2, 3, 6, and 7 i nd ic  

pressures are not appreciably d i f f e r e n t  from i n i t i a i  formation 
the  in jec t ion  
No value is avai lab le  f 

f u r t h e r  i n  Appendix I11 . 

e n t i c u l a r i t y  and very minor 
ar 'to"be continuous over many 

T h i s  Conclusion is supported by the  reservoir-l imit ,  cont inui ty  ' 

that p resen t  formation 
so res  after 

2.3 WELL LOGGING PROGRAM 

' T h e - w e l l  logging program employed during the  construct ion *of the  SPR ~. 
i n j ec t ion  wells was reviewed. In '  particular, t he  log  type and a p p l i c a b i l i t y  u were assessed. - &  8 .  

The t yp ica l  logging program for the 1 2  br ine  in j ec t ion  wells a t  Bayou 
. Choctaw and one well a t  Sulphur Mines is as follows: 

1. I XSF-Sonic Induction-Spher i c a l l y  Focused Sonic log from surface casing to 
total depth; 

Chpensateh'  Density 14; 
3. Gamma-Ray-Neu t ron  log; 
4. Cement Bond log; and 

5.  Borehole Geometry 1 or ien ted '  4-arm calip 
The logging pragram was Gufficient  to evaluate  t h e  formations, t h e  well, 

One of the  most important logs t h a t  can be run i n  wells 

a t ion '  tests wer 

ly wells' dr i l led se lec ted  logs d i g i t a l l y  I 

and the  c e m e n t  bond. 
meter log. 

around s a l t  domes is the dip meter; a l l  fu tu re  
include, t h i s  1 

However, only Bayou C h w t a w  Well 1 had a continuous d i  

ging progr'& should 

recorded so t ha t  computer analyses could be performed, the  practice was 
W 



discontinued in the'later well logging program. 
digitized logging data permits rapid determination of a large volume of data 

Computer analysis of 

giwing percentages of sand, shale and certain other selected lithologies and Ld 
porosities and saturations corrected for lithological variations. However, 
excessive percentages that must be adjusted by other techniques may be 
calculated. 

e ZSF-Sonic, or $su companies other 

S erger, is the basic log used for geological correlatio 
t, in addition to its correlation function, gives formation water 
ata, and distinguishes sand from shale (a sand count, or sand-shale 

only derived fr this curve). 
The two resistivity log in addition to their correl ion function, 

determination of true formation resistivity and water saturation 
e extent enables the identification of other lithologies 

filtrate invasion can also be evaluated qualitatively. 

The sonic log, measuring acoustic travel time, is one of the porosity 
measuring devices and furnishes other lithological data. 

The compensated density log measures formation density in grams per cubic 
ter and is the best porosity log,for lithology encountered in the area 

In addition, it furnishes other lithological a of Bayou Choctaw. 
geophysical information. 

The gamma-ray-neutron log also serves a correlation function. The 
gamma-ray (or natural-gamma) log dentifies shale and helps d 
lithologies. 
(Section 2.3.1). The neutron curve is another porosity curve. -In 
with the density log, the neutron curve identifies gas satura 
furnishes other lithological data. 

This log also can be useful in other applications 

The cement bond log assesses the quality of the casing 

determining bond to both pipe and formation and detects channels in the cement. 
The borehole geometry log (or 4-arm caliper) permits a more accurate 
mination of hole size and shape for determining cement volume in cement 

jobs and gravel volume required in gravel packs, 

The continuous dip meter log, in a tion to permitting de 
formation dip, gives information on cro edding attitudes in sand bodies to 
permit assessment of depositional environment and is vqluablesin identifying 
fault cuts and unconformities. 
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Monitoring of injection wells to be certain that brine is being injected 
into the designated &ones is often accomplished by means of temperature 
surveys run afte reasonable period o njection.. Thief zones can develop 
either through 
failures of casing or cement sheath. 

is area is in the range of 
120 to 150 F, and the injected brine temperature is approximately 60 to 70 F. 
Therefore, a significant contrast in temperature, even with a small leak, 
should be apparent. 

dental pressure parting of continuous shale beds or through 

The original formation brine temperature 

ted in Sand Interval,6 ( to 6970 feet). A spinner 
survey run Marc 
passed through the osite Sand Interval 5. A 

subsequent spinner 
injected fluid ssembly. This caused concern 

The spinner 

rcent of the injected fluid 

L 

tely 50 percent of the 

parted above the completed interval. 

surveys also indicated that most of the remaining fluid went out through the 
lower portion of the screen intervals. 

.The temperature log run March 16, 1979, about 27 hours after injection, 
entered the entire injection zone 

to TD). Brine had not 

). There is a small anomaly 

de: (1) no casing parted; 
letion interval or 

f entry. If the fluid flows up 
ked by increased radioactivity. 

etger TDT log) in a cased hole can 

differentiate in a nearby well (within a few hundred feet) between injected 
brine (200,000 ppm C1) and formation brine (70,000 ppm Cl). This log can also 
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be used to trace movement of injected brine using independent physiochemical 

responses of the in jec ted  brine as a guide t o  its movement over sho r t  

dis tances ,  e.g., behind pipe channe brine-soluble radi r 
be added to brine i n  an up-gradient 
down-gradient well, e.g., Well 12. I f  the tracer-identified 
top of the previously introduced brine,  it would suggest t h a t  t he  permeability 

was ser ious ly  reduced wherever the brine has flowed. If 

diffused throughout the brine column i n  the down-gradient 
suggest there was no serious restriction i n  the flow path of the  brine bet 

w e l l s .  

e.g., Well 10 and 

Welex is developing a “wa r movement log” t h a t  reportedly’wil  

sa l t  water movement i n  the formation through a cased hole, a 
var ia t ion  w i l l  detect the direction of sa l t  water movement 

When ava i lab le  it may be use fu l  i n  evaluating the  direction of f l  

Sand In t e rva l  1. 

An inexpensive monitoring program to p ro tec t  the Baton 
a q u i f e r  could  be implemented using a temperature survey, s 

of in jec t ion  on Wells 6 ,  9, and 11 (all completed i n  Sand In t e rva l  2) .  Thi  

program would be designed to monitor possible  en t ry  of in j ec t ion  br ine  i n t o  
Sand In t e rva l  1 through casing leaks, f a u l t y  cement jobs, or ina k. 
ruptures of the shale beds separating the  two sand in te rva ls .  
surveys fo r  these wells would be optional,  b u t  probably should be run i f  

supporting information is required. I n  addition, temper re surveys and 

natural-gamma logs should be run i n  Bayou Choctaw Wells 1 through 8 ,  10, and 
12 from t h e  present  total depth of w e l l  to above Sand In t e rva l  1 (about 3800 

feet belaw the surface). 
s ign i f i can t  anomalies are noted above 3800 f e e t ,  t h e  upper sec t ion  

logged i n  subsequent logg ing jobs . 

Natural-gamma 

The first w e l l  should be logged to surface: i f  no 

I n  addition to monitoring the i n t e g r i t y  of the  seal between Sand 

In t e rva l s  1 and 2 and the  i n t e g r i t y  of t h e  seal above each in j ec t ion  zone, t h e  

logging methods discussed above are expected to (1) demonstrate the  ex ten t  of 

movement of the  in j ec t ion  f ront ;  (21 character ize  the  ee of mixing between 
in jec ted  brine and formation water; (3) determine degree of cont inui ty  of 
shale beds within the  major sand intervals :  and (4)  indicate any interchange 
of f l u i d s  between sands within the wellbore (f low to “ t h i e f ”  zones). 
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se density will inate the flow patterns of the in 
of mixing is of nificant importanc monitoring the introduced 

bi brine after it enters the formation. 
monitor where the fl 
question remaining i 
anticipated volumes. ACC 
pressure surveys usually p 
potential capabilities of 

The temper 

on the indu electric lo 
a1 permeadiliti 

permeability appear to be suggested by th 

2.4 SUBSURFACE INJECTION PRACTICES 

at the present time.3 Of 

ased substantially in 
ons have bec 

United States, predominantly in the 

areas of the Southeast. These injection systems are heavily concentrated in 
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t h e  Northcentral  and Gul f  C o a s t  areas of the  United States. 

u t i l i z e s  t h e  Miocene age sands i n  t h e  G u l f  C o a s t  region. 

The SPR program 

As described i n  

Section 2, t he  use  of the  Miocene is not unusual, €or such sand i n t e r v a l s  

cons t i t u t e  exce l l en t  i n j ec t ion  r 
L7 

I n  the  e n t i r e  G u l f  C o a s t  region of as and Louisiana,  there is a 

ndstone i n t e r v a l s  within t h e  zone minimum of 1000 feet of highly 
between 2000 and 6000 feet dee exploratory d r i l l i n g  i n  t h i s  

region has yielded s u f f i c i e n t  subsurface information to permit adequate 
mapping of subsurface str 

Suf f i c i en t  information is ava i lab le  to establish, within reasonable 
limits, the an t ic ipa ted  dr i l  conditions. 

e and general  reservoi r  characteristics. 

2.4.1 Brine In j ec t ion  Performance i n  the  G u l f  C o a s t  Area 

High-volume in j ec t ion  has been frequent ly  demonstrated i n  t h e  G u l f  Coast 

region. There are severa l  ex es of individual  well i n j  t i on  rates of 
35,000 bbl/d or more.3 

same geologic and reservoir  parameters as found a t  t h e  SPR sites is i n  
operation: it has in jec ted  30,000 bbl/d/well for the l a s t  10 years.  

addition, over 75 ac t ive  i n j  

As an example, an inject ion f i e ld  tha t  u t i l i z ' es  the  

I n  

ion  wells i n  Louisiana have had in j ec t ion  rates 
O f  over 25,00O/bbl/d since 1 . These w e l l s  are completed i n  reservoi rs  

similar to those indicated a t  the  SPR sites (Section 2.2) .  I n  t h e  areas near 
. Bryan Mound, Texas, rates as high as 30,000 bbl/d/well are known, and t h e  

wells have been operated for extended periods of in jec t ion .  
M o s t  high-rate in j ec t ion  systems have been properly designed and 

operated. Several  high-volume in j ec t ion  wells have been f a i l u r e s  as a r e s u l t  
of poor knowledge of the subsurface conditions,  such as l o w  shale ratios 

and f au l t i ng  of t h e  selected in j ec t ion  in te rva ls .  
construction are also indicated factors i n  subsequent w e l l   failure^.^ 
addition, a t  least 25 percent of high rate wells have been 
abandoned because of improper or nonexistent surface treatment facil i t ies.  I n  

Poor w e l l  
I n  

general ,  it has seldom been possible to i n j e c t  large volumes of untreated 
brine over an extended period. Thus, pretreatment (surf 

universal ly  accepted by t h e  industry as one of t h e  most important requirements 
to the success of a br ine in j ec t ion  program. 

b 
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The well life is 'norma$ly a"function of the ability of ithe operator to 
backwash, acid a treat or. perform other remedial operations to-maintain or 
improve the injectability of the injection inter~al.~ 

regarding brine injection in Texas and Louisiana, pretreatment of brine and 
backwashing operations are common practices. 

In a1l':cases. . ' 

The formations in the area have 
the capability of accepting large quantities'of brine. . *.. 

operational objective is to maintain the permeability in and around the well 

bore. Backwashing of the injection interval is periodically accomplished in 
all successful operations and is routinely initiated when1wellhead;pressures 

increase to a predetermined le6el. 
manner, individual injection zones have been known to accept"high-volume' 
fluids for more tha 

With backwashing performed in a 'proficient 

2.4.2 Well. Planning Practices 

Data -from ,wells in the region are useful for'anticipating drilling 
conditions  and injection well aesign planning. 
normally obtained from alZ prospective intervals before casing is set in "the 
initial well drilled. 

establish reservoir character istics -throughout the proposed injection zone or . 

zones. 
porosity, and &silt and clay rcdntents. ~ In addition to' &re samples', formation 
fluid samples must be taken'for compatability studies. 
taken before any injection by backwashing the well to obtain a sufficient 
volume of :uncontaminated formation water., Following-an* initial backwash 
operation, a static bottomhok pressure is generally measured with a -pressure 
bomb in the hole after the-final injection *test 
initial flow capacity of the well is determined for 
performance. 

of engineering [and *geological data obthine 
well of the field is drilled. 

etrated by the -te 
initial injection zone This gkocedure La1 in the next 
shallower Pone if performance of the deepe 
formation damage or excessive injection pressures; ' The second well drilled 

might be completed in%the next sand above 'th 

Gpecific;reservoir'data ake 

In addition to logging, core'samples are required to 

The samples are normally analyzed for sand gr'aln sgze, -permeability, 

The fluid sample is 

Based on these-aata 

Potential injection reservoirs are selected from an evaluation 

irst test -inje 

, The deepest zone ally seiected as the 

e6 because of 

epest zone initially 
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completed, depending on the dis tance between wells and other factors. 

procedure also allows for secondar 
considerat ions mus t  be made, howe 

w e l l  depth. 

This  

completion zones” i f  requ 
because w e l l  cost depends directly on 

i ~. 

2.4.3 Equipment and .Material Selection’ ’Practices 

The volume of f l u i d  to be in jec ted  and the estimated in j ec t ion  pressure 

dictate the diameter of the tubing required. The tubing material should be 

carbon . s t ee l  (coated to resist corrosion) or s t a i n l e s s  steel. The annular 

space between *e,tubing and the casing is f i l l e d  with a noncorrosive f l u i d .  

c lean brine with a corrosion inh ib i tor  addi t ive  is a commonly employed annular 
f l u i d .  The use of a screen and/or l i n e r  and packer is the preferred 

completion practice i n  the Gulf C o a s t  region because it provides minimum 
pressure and f l aw r e s t r i c t i o n  to the f l u i d  in jec t ion .  
restricts formation sand from caving and enter ing t h e + w e l l  during remedial 

back-flushing operations. 
cont ro l  and keeps in j ec t ion  pressure away from the  casing. 
pressure is not constant s ince the in jec t ion  tubing is subject to expansion 

and contraction, and temperature and pressure change, 
desirable to maintain annular pressure a t  a f ixed d i f f e r e n t i a l  above in jec t ion  

pressure ( a t  100 psi  above), 

critical importance i n  a l l  successful  in jec t ion  programs involving corrosive 
f lu ids .  

hole washout and formation damage.6 
loss to maximize hole suppor t  but should not excessively invade and damage a 

po ten t i a l  in jec t ion  formation. 

. 

The grave l  pack design 

The use of a packer allows pos i t i ve  pressure 

The annular 

L,l 
It is genera l ly  

The phys ica l  condition of the  t u b i n g , i s  of 

The proper se lec t ion  of d r i l l i n g  mud is extremely important to minimize 

The mud should have s u f f i c i e n t  water 

2.4.4 Fluid Incompatibi l i ty  and Corrosion-Incrustation (Scal 

A factor t h a t  must be considered i n  d e t a i l  during the early stages of a 

br ine in jec t ion  program is the q u a l i t y  of  the  brine to be injected. 

content,  chemical s t a b i l i t y ,  temperature and pressure condi t ions,  and 
corrosion and sca l ing  po ten t i a l  must be establ ished to determine the r e l a t i v e  
compatibi l i ty  between the formation f l u i d  and the  br ine to be in jec ted  and 

Solids 

Lid 

30 



between the brine and the well equipment with which the -brine w i l l  be i n  
contact. Injection f l u i d  ampatability wi th  the indigenous formation fluid is 
m&datory to avoid subsequent formation plugging. 7 

Casing and cementing programs must  be designed to meet corrosion 
protection requirements. Corrosi protection is normall 

5 designed to protect both surface 
A surface fi l tration s required when f 

anticipated i n  a p&rous m ervoir. w i t h  res 
reservoir, however, f i l t r a  not be required. 

d downhole equipment. 

system is to trap solids. Hence, periodic backwashing of the surface f i l t e r  
system removes t h e  trapped solids before such solids'c injection 
well and seriously reduce injection capaci 
backwashing of 'the surfa i l ter  system i 
backwashing the formati surface f i l  lean than a plugged 
injection interval thousands of feet below the surface. 
final filtration syste 
extent to which solids 

emphasized that 

The formation is the 

' In  considering s 
are examined: (1) t 

w i l l  accept, and (2) 

filtration system is 
surface filtration s 
1. 'physical charac 

and after surf ace filtration; 
density of the solids to be introduced to  the injection 2. 

3. chemical characteristics of the brine (e-g. erature) ; and 
4. volume of f lu id-  to be injected a function o reservoir storage 

Surface fac i l i t  

subsystem 'design features are nor 
1. 

brine injection systems: 
closed system with oxygen scavengers (to remove O2 from the brine and 
subsequent corrosion of pipin 



2. gas separation (to prevent two-phase segregation i n  the  injected 
formation) ; 

3. chemical treatment (to reduce incompatibil i ty between formation brine and Li 
matrix and the  brine to be in jec ted) ;  
s e t t l i n g  f i l t r a t i o n  (to reduce solids content of br ine to be 

wellhead f i l t r a t i o n  (to serve as pdl ishing f i l t e r s  to reduce 
pos t - f i l t r a t ion  system s o l i d s  input to formation); and 

* 
4. 

5. 

6. equipment u t i l i z i n g  corrosion r e s i s t a n t  materials ( to increa 
gevi ty  and maintain formation i n j e c t a b i l i t y ) .  

2.4.5 Systems. Monitoring 

B r i n e  qua l i t y ,  in jec t ion  pressure, temperature, corrosion , inhibi tors ,  and 

in j ec t ion  volumes must be rigorously monitored per iodica l ly  i n  both su r face ,  
and down-hole systems. 

f i n a l  f i l t r a t i o n  system, and .its longevity and u t i l i t y  i n  addi t ion t o  the  
'longevity and u t i l i t y  of the in jec t ion  w e l l  equipment are so le ly  dependent on 

t h e ' c h a r a c t e r i s t i c s  of the f l u i d s  to be in jec ted  and the  solids they contain. 
Surface systems designed to reduce solids content are per iodica l ly  backwashed 
while subsurface systems, which inc lude  the  screened or perforated i n t e r v a l s  
of the w e l l  s t ruc tu re  are backwashed only a s  a f i n a l  attempt to improve 

i n j e c t a b i l i t y  and to prolong the  funct ional  l i f e  of t h e  system. 
economically f eas ib l e  surface f i l t r a t i o n  systems w i l l  pass c e r t a i n  q u a n t i t i e s  
of solids with t h e ,  resu l t ing  i n  plugging t h a t  cannot be removed v i a  
backwashing or acidizing. 

It should be reemphasized t h a t  the formation is the  

The most 

2.4.6 Remedial Methods and Prac t ices  

2.4.6.1 Well Lonqevity. Based on our evaluation, the capac i t i e s  of i n j ec t ion  

w e l l s  deteriorate with time. This is usual ly  the  r e s u l t  of plugging 
formation w i t h  mineral p rec ip i t a t e s ,  solids and with other materials 
i n  the  water a f t e r  sur face  f i l t r a t i o n  systems have either failed, or 
improperly maintained or have been bypassed during downtime of f i l t r a t i o n  
sys  tems . 
* Open s e t t l i n g  ponds to achieve se f i l t ra t ion have created serious 
oxygen problems i n  the  SPR programs. See Ref. 7. 
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Scale deposits in the tubing have been’shajn to increase the friction and 
reduce the capacity of injection well systems. 
scale deposits have been found inlcertain parts of the well exposed to brine, 

Case histories report that 

i. e . ,  on tubing interior, on screens 
formation. 
different-chemical compositions or as a result of changes in temperature or 
pressure or bath. 
precipitated iron oxide, iron sulfide, barium sulfate, strontium sulfate, 
calcium sulfate, and’.various other forms, some of which are precipitated as a 
result of bacterial activity (e.g., iron oxidizing and sulfate-reducing 
species). 

nd on’the face or within the injected 
This can be a result of the commingling of two or more brines of 

Some of these deposits are calCium carbonate, introduced.or 

Comprehensive and accurate records and appropriate supervision, such as 
maintaining accurate injection rate and pressure information is normally 

practiced to monitor formation response characteristics. 
injection pressure rises to a predetermined level, immediate action should be 
taken. 
serious formation plugging has occurred. - Thus, expensive workover operations 

r example, when 

Remedial expense can be minimized by backwashing or acidieing before 

can be generally eliminated. The potential for scaling can be estimated by 
previously conducted compatibility. tests. 

established,. a remedial.program can be ;designed and implemented if required. 

This predetermines the probable method for treating the well and often 
eliminates trial-and-error remedial methods. Without sound baseline data on 
original physio-chemical conditions of the brine to be injected and of the . 

environment into which the bri -be injected, remedial programs must of 
necessity be based on t h e  con nd costly tr ial-and-er ror ‘methods. 

2.4 . 6.2 Backwashins. 
declining injectability. 
high-velocity backwashing is in common use. If the interval is relatively 
shallow and if the casing is of sufficient diameter, submergible pumps can be 
employed to achieve cle ing. Davis8 achieved some excellent results in I 

backwashing with compre ed air while condu ng workover operations on Well 2 . 

completed in Sand Interval 6, one of ?&e de 

Once the relative potential is 

Formation backwadhing is the normal ’response to 
Nitrogen or compressed air lift to create. 

I 

r injection intervals of the 
Bayou Choctaw site The effectiveness of such work 
established as long as-brine with high solids content is injected after a 
workover has achieved cleaning. 
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2.4.6.3 Acidizing. A common chemical workover technique is the in jec t ion  and 
backwashing of hydrofluoric or hydrochloric acids i n  an attempt to improve 

w e l l  i n j ec t ab i l i t y .  This technique assumes t h a t  the deposits are acid-soluble Lf 
and are treated i n  t h e  ea r ly  s tages  of formation plugging. 
mud acid w i l l  d issolve c lay  and mud around the in jec t ion  w e l l .  Special 

addi t ives  can be used with the acid to prevent the  dissolved material from 
prec ip i t a t ing  and being redeposited i n  the formation. Barium, strontium, 
calcium, and i ron  s u l f a t e s  and su l f ides  as w e l l  a s m t h e r  complexes are 

general ly  insoluble  i n  acid and must be removed mechanically. Therefore, it 
is necessary to ensure t h a t  such mineral izat ion does not occur within the w e l l  

structure or formation. 

Hydrofluoric or 

The recommended types and s i z e s  of acid treatment methods vary i n  
d i f f e r e n t  areas and geological conditions. 
determine the  remedial procedures best su i ted  for a particular w e l l .  

Experience and local condi t ions 

Where the formation or grave l  pack face is severely plugged, t r e a t i n g  

with acid through a jet  tool is normally more benef ic ia l  than with 

conventional and.acid backwashing techniques. 
is treated with acid, and the posi t ion of the  jets is adjusted from the bottom 
to the top of the in jec t ion  in te rva l .  !phis procedure is advantageous i n  
cased hole completions where scale or deposits may form i n  t h e  screen or 
perforat ions and cannot be reached with other  mechanical means. 

The e n t i r e  length of the  zone 

9 

LJ 8 

Acid is normally pumped with a pump pressure of 1000 psi or more if 

condi t ions warrant. Normal acid concentrations of 15 percent are used for 
j e t t i n g  purposes. Sometimes it was more advantageous to use l a rge  volume 
treatments. The concentration may be reduced and the  volume increased for 

approximately the same t r ea t ing  cost as a smaller more concentrated 
treatment. This procedure is of ten  more successful  than high concentration 
appl icat ions.  a 

2.4.6.4 Overpressuring. Acidizing may be ine f fec t ive  i n  improving the 
i n j e c t a b i l i t y  of a w e l l  because of the insoluble  c h a r a c t e r i s t i c s  of the  

plugging mater ia ls .  Overpressuring may be more e f fec t ive  i n  c e r t a i n  wells. 

This procedure can create par t ings  i n  the porous medium. 
new zones of higher permeabili ty to be developed through plugged in t e rva l s  
i n t o  zones of the  formation where plugging has not occurred or is minimal. 

These par t ings  allow 

ci, 
34 



ther f lu ids  may 
n o t  be compatible with 

2 . 4 i f  Other Method 

Corrosion i h i b i t o r s  are used inC&ny in j ec t ion  wells to protect 
t ‘and to prevent the formatio cor ts t h a t  ‘could 

corrode both surface and downho 

continuously into t 
the surface f i l t r a t io  
under way by indus t  
t r e a t i n g  in j ec t ion  wells. 
be i obtained from - t h  

inherent i n .  c e r t a i n  chemicals 

nh ib i to r s  i n  
It is a 

2.5 INJECTION FALL-OFF INTERFERENCE PRESSURE TESTING 

fiela s u p e i v i s i m  “of ih 

i n j ec t ion  well. 
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The tests were conducted on Sand Inter  
Louis  A. Records and Associates, Inc. This 

basis  p f  s t r a t i g r a p h i c  pos i t ion  i n  the Miocene in j ec t ion  interval and on the 
bas i s  t h a t  Sand In t e rva l  6 has bee 

11 3 was the in j ec t ion  well 

un i t  de signa te 

n jec t ion  .rates were measured, 
three wells. 

A l l  wells completed i n  Sand Interval 6 reportedly were shu t  i n  a t  least - 
8 days and perhaps longer before t e s t ing  and operat ions were begun. 

a r r i v a l ,  the  pressure bombs (Hewlett-Packard) were run i n t o  W e l l  

re reservoir was shut  i n  long enough’ to allow pressu 

On . 

I . I  

11 3 was i n j ec  and pressures and in j ec t ion  rates.at  the w e l l  

were recorded. A measure of reservoir cont inui ty  wa monstrated by pressure 
the response well si w i l l  be discusse 

permeabili ty is a f 

the  pressure-time plots (Figs. 2-3 and 2-4), +and t h e  da ta  shee t s  (Appendix I V ) .  

r e s u l t s  of tests are shown on the  Horner plots (Figs. 2-1 and 2-2), 

2.5.2 Test R e s u l t s  

The in j ec t ion  test indicated the following cha rac t e r i s t i c s :  
1. A rapid buildup occurred from 3101 p s i a  to 4433 psia from 10.17 hours to  

11-05 hours (t = 0.8 hour) on March 13. This buildup corresponds to a 
th in ,  near-well s k i n  zone. 
A gradual  buildup occurred from 4433 psia to 4443 psia from 11.05 hours to 
12.05 hours (t = 1.8 hours) on March 13. This buildup had a slope of 

34 psi per cycle. In jec t ion  rate varied from 18,975 to 17,750 bbl/d. 

2. 

3. A buildup occurred from 4443 psia to 4465 psia from 12.05 hours to 
13.38 hours (t = 3.52 hours) on March 13. This buildup had a slope of 
86 psi per cycle. In jec t ion  rate during t h i s  per iod var ied from 17,500 to  
18,100 bbl/d. 

4. An erratic period from 13.38 to 15.05 hours occurre 
prnps and changed rates (t 4.80 hours). In jec t ion  rates var ied  

750 to 18,000 bbl/d. 
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period occurred from 15.05 hours on March 13  t o  07.00 
eriod, pressure was s t a b l e  a t  

- =  
on March 1 4  (t = 20.72 urs). During 

gi around 4455 psia and c t ion  rate v a r i  16,425 bbl/d to 

I ,  
I 

r *  
1 d - I  

15,000 bbl/d . 
6. An erratic period, cor as h i  ng n t l y  i n s t a l l e d  ,- 

sur face  f i l t e r s ,  was f of rapid pressure buildup to 
= 39.67 hours) 

.57 t o  09.45 March 15  (t = 47.47 

h e  was from 3394 
hd 

... 

of the  fa l l -of f  test. 
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2. The highest permeability that can be calculated from the Horner plots is 
104 md, frm the 34 psi per cycle slope on the injection test. 

a correct permeability, respon 
expected to be on the order of 5 hours. 
Deviating from a pressure bui 

ressure is not characteristi 
homogeneous ver t ical l  

~ 

If t h i s  is 

time a t  the injection wells would be 

3. w i t h  time and injection to a stabilized 
injection tests if  the 

4. The ananalous pressure incre = 20.72 hours, fo l l  
stable period a t  t = 

homogeneous reservoirs. 
i r ic te r i s t ic  of injec 

sions can be made: 
e. This  is apparent fran the co 

pressure differential required to inject. 
The damaged zone is sufficiently deep to-'behave, as far as a Ho 

is concerned, much like a unif 

2. 

urs of the Ho 
llbore skin zone factor 

zone with a permeability on the order of about 100 md. 

3. The undamaged reservo 
by the injection peri 
t = 47.47 hours) i n  which t 
very short response times a t  Wells 2 

20.72 hours, and t -= 39.67 to  

4. The reservoir is calculated 
of formation water. 
increase (arithmetic average of the three wells) w i t h  the 
approximately 30,600 barrels of injected brine. 

Th i s  is based on an apparent 2.33 psi pressure 

5. B on the above estimated volume of water i n  place, 
6 -13.1 x 10 barrels of brine 

a 1000 psi increase i n  re rvoir pressure (dp/dh = 0.60 

uld  be injected into Sand I n  

t i n g  that could sever limit the potential reservoir capacity is not 

indicated. 
The in jec t ion  pressure increase a t  t = 39.67 hours was probably caused by 7. 

solids i n  the i n j e c t e d  brine plugging the formation. 
 he test data were ru tate radial flow computer 

simulator. The cmputer eport from Dr. Donald Warner outline the 
results of the simulati ally, the interpreta 

. 
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LJ 
s a near wellbore er zone) w i t h  a thickness of less 

25 md. Pressure drop through 

, t h i s  zone is on the  order of 350 psi. 

radius ,  which is’ 
l i n d r i c a l  flaw zone would depend on t h e  

ner zone (25 ma). The 

. . _  approached. 

Its frm the  simulator r u  

s advantageous, however, to 

practices employed, 
ed, and, on the a 

br ine  in jec ted  s u  

onlv t h e  f i n e s t  f r ac t ion  of t h e  solids introduced has escaDed the crravel DaCk - 
a v e l  pack for 

each in j ec t ion  w e l l  has been calculated.  In addi t ion,  an average solids - 

content of 
This value was selected on the basis of ana ly t i ca l  work on the raw br ine  for 
the three sources brine, s t rong brine and cavern lake 7,10 
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Table 2-1 summarizes these calculat ions.  Most of t he  solids in jec ted  
i n t o  each of the  wells, with the  exception of Wells 3 and 4, could have been 
trapped within the gravel  pack. 

With i n i t i a l  in jec t ion ,  each w e 1  ably experienced a s l u g  of 
miscellaneous solids (greater  than 50 t h a t  consis ted of (1) i ron  oxide 

(as oxidation products of f locculan ts  from the  cavern lake and from 
corrosion products and welding 
f l u i d s  and muds (probably introduced ore or during i n i t i a l  in jec t ion)  

completion techniques employed did not properly remove the  d r i l l i n g  and 

completion f l u i d s  before i n i t i a l  i n j ec t ion  was begun, r e su l t i ng  i n  a t h i n  
invaded zone a t  the face of the formation containing d r i l l i n g  f l u i d  materials 
such as clay,  bar i te  and polymers. This probably occurred during 
and gravel  pack ins t a l l a t ion .  
received the  i n i t i a l  slug of in jec ted  br ine  solids during start-up 

tis) and (2) excess d r i l l i n g  and 'completion 

The formation-gravel pack boundary subsequently 

- 

operations. Table 2-2 indicates the amount of solids ava i lab le  for plugging 

according to in jec ted  volume. 
solids would r e s u l t  i n  a t  least 280 pounds of solids after 10,000 

been in jec ted  and tha t  a t  least 1400 pounds of solids would be in jec ted  a f t e r  
50,000 barrels have been injected.  

It should be noted t h a t  a load of 80 mg/R 

I f  the i n i t i a l  s lug contained 200 mg/k, which is a d i s t i n c t  
3 p o s s i b i l i t y ,  350 pounds (5.2 f t  ) of solids would be introduced to the  

grave l  pack a f t e r  i n j ec t ion  of 5000 barrels of br ine  during the  f i rs t  day of 
inject ion.  

permeabili ty a t  the grave l  pack-formation boundary. 

This would be of s u f f i c i e n t  volume to s i g n i f i c a n t l y  reduce the  

With subsequent in jec t ion ,  solids would bu i ld  up on the i n t e r i o r  of t h i s  
boundary beginning on the  in s ide  of the  t h i n  zone of residual d r i l l i n g  f l u i d  
invasion. 

solids would occur8 f i rmly lodging and molding around t h e  i n d i  
gra ins  and reducing the pore space of the matrix. 
solids would progressively f i l l  t h e  i n t e r s t i c e s  from the  formation-gravel pack 

boundary back toward the screen r e su l t i ng  i n  decreasing permeabili ty with 

increasing cumulative volume of in jec ted  brine. 

With increased pressure, packing of the s o f t  f ib rous  f loc- l ike 

As i n j e c t i  

Assuming c e r t a i n  solids content,  Wells 4 and 3 data exh ib i t  extensive 

plugging of t h e  grave l  pack, to such an exten t  t h a t  the  volume capaci ty  of t he  
grave l  pack  has probably been exceeded (Table 2-1). If the br ine  carried an 
auerage sol ids  content i n  excess of 20 mgfl, the  capaci ty  of the  grave l  pack 

40 



I 

6.I 
1 4 (Appendix V) 

i nd ica t e s  a very short period of r in j ec t ion  pressure 

followed immediately by a s ign i f i can t  increase i n  i n j e c t a b i l i t y  and an 
j ec t ion  pressure. Th i s  

ones through 
en br ine  to reach the  

ources familiar w i t h  high-volume 

f rac tur ing  is i n  
common practice to overcome some types of formation damage. Although 

fields since the 

operat ions on the  

lowing br ine  under 
pressure to reach a 

a serious t h r e a t  
e, low-pressure 

were crea 
bid 

ow permeabili ty zo rs  to be present  

within the  g rave l  pack, beyond which permeabili ty may increase abruptly, j u s t  
beyond the gravel pack-formation boundary and then grada 
permeabili ty of the undamaged reservoir.  

the radial ex ten t  of the c e n t r a l  zone. 

It is not  now possible to estimate 
The permeabili ty may 

after only a foot or two i n t o  t h e  formation. It should be noted tha t  t h i s  

has emphasize 

are discussed i n  Sec 
n context w i t h  its 
l e  operat ing 

a t i o n  of inject ion.  
Appendix V contains  the plots on Wells 2 through 11. It should be emphasized 
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that three assumptions have been made: 
(2) s o l i d s  content no grea te r  

reservoir .  

(1) in jec t ion  rate of 30,000 bbl/d; 

Based on an inspection of 

indexes of a l l  w e l l s  are consi 

fo r  a nonplugged 1-darcy reservoi r  an r. I n  some 
w e l l s ,  t he  i n i t i a l  i n j  e c t a b i l i t y  inde 
an undamaged 500-md reservoir ,  bu t  

mineral p rec ip i t a t ion  caused b 

even i n i t i a l  i n j e c t a b i l i t y  
extensive gravel  pack damage d 

i a l  s lug of very'high s o l i d s  i n  the in jec ted  brine,  or 
It should be noted t h a t  most of the highly errat 
conditions" curve is probably due to (1) errors 

behavior of the  
operator records; 

(2) improperly maintain 
I n  addi t ion,  the  behavior of the in j ec t ion  curve after prolonged 
noninjection is not consis tent ,  ind ica t ing  d i f f e r e n t  f l u i d s  
solids oontent were in jec ted  and have created various press 
index responses. 

and (3) poor pl g for i n j e c t i o n  timing. 

Figure 2-5 is a plot showing the  r e l a t ionsh ip  between 
in j ec t ion  index and t h e  in j ec t ion  zone thickness  for t h e  w 
Choctaw field. 

also shown, ind ica t ing  the  ex ten t  of the damage r e l a t i v e  to &I optimum 1-darcy 
and 500-md reservoir .  

The reported i n i t i a l  i n j ec t ion  indexes of the same wells are 

2.6 INDICATED REMEDIAL ACTIONS 

2.6.1 Surface Systems 

2.6.1.1 Surface F i l t r a t i o n  Systems. Preliminary evaluations? i n d i  

sur face  f i l t r a t i o n  systems should be i n s t a l l e d  as soon as possible 

s i te  where high rate subsurface b r ine  disposal is required. 

2.6 . 1.2 Wellhead Gauqes. The operat ing data now ava i lab le  are considered 
unsa t i s fac tory  f o r  a project of t h i s  magnitude and importance. Pressure gauge 
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r e l i a b i l i t y  should be reviewed and the gauges replaced w i t h  t h e  appropriate  

ones, i f  required. 
Brine flow meters 
nonmetallic impeller meter; these should be i n h a t i n g  and recording, and a 
complete recor Specific conductance 
calibrated to TDS and/or pH should 

hould be teqted on a routi 

Pressure should be recorded a t ' l e a s t  every two hours. 
magnetic v a r i e t i e s  or a 

hould be made of a l l  f l u i d  injected.  
each w e l l .  A l l  meters and 

librated i f  necessary. 
r I -  

. A l l  s a fe ty  programs should be reevaluated as 
s ince  new contractors who may not be f u l l y  aware 
t ions  w i l l  be 

. Oxygen scavenger systems should be included i n  
as soon as possible. n addi t ion,  surface 

with corrosion- resi s t an t  pa i  n t  . 

The information developed duri  evaluation suggests that we 
i nves t iga t e  what remedial action sho 
well inject ion.  The pre t i n t e r v a l s  are of s u f f i c i e n t  area 
s u f f i c i e n t  th ickness ,  and of s u f f i c i e n t  permeabi l i ty ' to  accammodate 
high-volume in j ec t ion  (possibl he 308000-bbl/d rate ori  
an t ic ipa ted) .  
apparent after the s o l i d s  ha 
in j ec t ion  (Section 2.7). 

o s i g n i f i c a n t l y  improve u 

This  assumes t h a t  other plugging problems do not becane 
been removed from the  raw brine before 

If the s o l i d s  and oxygen'oontents of the  br i  ill be reduced 
considerably i n  the near f 

systems, a decision mus t  be made reg 
considering t h a t  the ex t  
brine t h a t  has been i n j e  

re v ia  the  surface f i l t ra t ion and scavenger 

ted zone (Fig. 2-5). 

he gravel packs i n  some of the 
neither a i  r- 1 if t bac kwas hing nor aci 
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considerable brine volume remains to be injected, comprehensive remedial 
action is required. 
first, and economically the most attractive, is to overpressure the injection 
interval with the objective of creating high-permeability zones through the 
damaged gravel pack. Based on our preliminary calculations, a pressure 
buildup to, tjut not exceeding, the imum permitted under Louisiana 
regulations should be attempted on 
detail before remedial actions are taken. 
occurs, the procedures should be a ied to the other 
costs of such a procedure would be imal, time being 

If this does not produce the desired results, three ot 

The first and operationally the most attractive 

The following procedures appear to be in order, The 

L; 

ilot basis and the results evaluated 
If an improvement in injection 

available. 
approach initiated b;. Davis.8 
should be conducted followed by a second backwashing 
air-lift or pumping if possible, would remove particles not firmly lodged or 
attached to the gravel pack and formation matrix. 
directed toward the more tightly held material, which could be br 
and/or dissolved if the proper type and concentration of acid is 

After a period of backwashing 

Acidizing could then be 

Secondary high-velocity backwashing would remove such material. It 

should be noted that backwashing and acidizing may be effective for the wells 
that have not received high volumes of raw brine to date, i.e., Wells 5, 6, 8, 
11, and of course, 12. 

The second option is to pull or mill out the entire screen and gravel 

It also appears to be possible and practical to pack and underream again. 
reunderream somewhat beyond the gravel pack-formation boundary in an attempt 
to remove the indicated near wellbore, very low permeability zone. 

interval can be properly recompleted via a new screen and gravel pack. 
addition, well development with high-volume backwashing could be accomplished 
to ensure proper cleaning the near well formation and gravel pack. 
3, 4, 7, 9 ,  and 10 are candidates for such remedial procedures. 

The 

In 

Wells 2, 

The third alternative is to recomplete through casing in upper zones. 

Although sacrifices will be made regarding injection fluid fl 
conservation, corrosion control (at the perforations) and the ease with which 

backwashing of the injection zone can be accomplished, recompletion through 
the casing may be an economically viable alternative. 
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2.7 ASSESSMENT OF UNKNOWNS 

A number of unknowns still exist in the Bayou Choctaw injection systems 
The obvious problems associate? with and by analogy in the other SPR sites. 

the solids content of the brine are now well understood. 
problems that have been masked to date by the effects of brine solids on 
plugging, include formation fluid incompatibility with the injected brine. 

reliable sample of the original formation water has not been recovered and 
unless additional wells are ‘drilled, such samples will ne be available. 

Baseline data such as ana s of original formation wate 
initial bottom-hole tempe 

i.e., Sulphur Mines. By obta 

Associated potential 

A 

d pressure are mandatory for new SPR sites, 
such baseline data at the Sulphur Mines 

ight regarding potential incompatibil may be gained that 
could apply to the other SPR sites. 

2.8 DEVELOPMENT OF PHASE If PROGRAM 

The results o se I evaluation were used to prepare a summary of 
all critical path entified to date. Deta and u immediate action a ted for the B other 

existing SPR areas, with special emphasi ulphur Mines site. 

2.8.1 Bayou Choctaw Site Requiremen 

1. The economic evaluation of options and implementation of selected pilot- 
injection well workover programs are o 
program. 
A comprehensive evaluation is required for assessing the potential 
behavior of mixing two distinctly different brines under anticipated 
injection conditions. 
chemically pretreat the brine to be compatible with the formation brine, 
thereby reducing e potential for formation plugging. 

3. A comprehensive rographic evaluation of the availab 
SPR injection well 
incompatibility an 

importance to the SPR 

2. 

As axesult, measures could be defined to 

to anticipate formation 
entia1 behavior of the intervals .from 

W 
which cores have been obtained. The evaluation would establish the type 
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and c h a r a c t e r i s t i c s  of c lay  minerals present and i f  the  br ine to be 

in jec ted  is l i k e l y  to create plugging within t h e  formation. 

One of the  least  severely plugged wells should be tested v i a  
overpressuring methods before other recommended remedial a c t i v i t i e s  are 
considered. 
Pressure response t e s t i n g  should be conducted both before and after 

remedial w e l l  ac t iv i ty .  However, i f  submersible pumps can be ins t a l l ed ,  
pump t e s t i n g  could be employed i n  place of pressure tes t ing .  

effect iveness  of such a remedial technique c o u l d  be establ ished.  
approach may require fur ther  evaluation. 

4. 

5. 

The r e l a t i v e  

This 

edial  act ion has been completed on t h e  wells, a properly designed 

program should be implemented fo r  the surface f i l t r  sys  tem 
and in jec t ion .  
Downhole closed-circuit te lev is ion  or stereo photography should be 

invest igated to asce r t a in  whether t h i s  equipnent is applicable. This  
approach can be used to determine the condition of the screens i f  the 
f l u i d  is r e l a t i v e l y  clear, if temperatures w i l l  permit and i f  t h e  depth is 

not excessive . 
A br ie f  e v a l u a t i m  should be conducted on the d e s i r a b i l i t y  and f e a s i b i l i t y  
of monitoring Sand In t e rva l s  1 and 2 and overlying equivalents  of t he  

Baton Rouge Aquifer, i f  present. 

7. 
~ 

8. 

2.8.2 Sulphur Mines, West Hackberry, and 
Bryan Mound Site Requi rements  

1. Priorities should be e s t ab l i shed  as to whit+ of the other  SPR sites 
require immediate detailed geological evaluat ions similar to  the  one 
conducted fo r  Bayou Choctaw. 

Pressure response t e s t i n g  of the various reservoi rs  w i l l  be necessary to 
e s t ab l i sh  boundaries, i f  present. Bryan Mound appears to have s i g n i f i c a n t ,  

structural involvement of the t a r g e t  reservoir .  
permit a de ta i led  evaluation, West Hackberry may-also require  a pressure 

t e s t i n g  program. The experience gained during t h i s  evaluation indicates 

2. 

Although time did not 

t h a t  only two or th ree  in j ec t ion  sand i n t e r v a l s  a t  each SPR s i te  would 
I require  pressure t e s t i n g  to e s t a b l i s h  an extensive reservoir .  However, i f  

I f au l t i ng  becomes apparent, addi t iona l  t e s t i n g  may become necessary. 
1 
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3. Remedial techniques found successfu l  a t  Bayou Choctaw should also be 

in s t i t u t ed  a t  the  other SPR sites once similarities of ex i s t ing  condition 
,w have been established, 

4. A l l  present  and f u t u r e  d r i l l i n g  and completion a c t i v i t i e s  should be 

planned, designed, and monitored using standard oil-field p rac t i ce  
(Section 1.4) . 

2.9 CCaJCLUSIONS 

1, The Bayou Choctaw reservoi rs  seleated for brine i n j e c t i o n  are technica l ly  

feasible for s to r ing  la rge  volumes of br ine  in jec ted  a t  high rates over a 
sustained period of time. 
Sand I n t e r v a l  6 appears to be of s u f f i c i e n t  areal extent ,  thickness ,  and 

' Based on the evaluat ions conducted to  date, 

permeabili ty to accommodate high-volume brine inject ion.  

i n t e r v a l s  selected for in j ec t ion  also appear to be capable of accepting 
subs t an t i a l  volumes of low s o l i d s  brine under reasonable pressures. 

The se l ec t ion  of any particular in j ec t ion  i n t e r v a l  was based on inadequate 
information, 
geological information, 
p o t e n t i a l  incompatibil i ty between the  brine to be in jec ted  and the  

formation brine. 
In jec t ion  .wells d r i l l ed  a t  Bayou Choctaw appear to have been i n  poor or 
less than optimum condition p r i o r ' t b  i n i t i a l  b r ine  injection, subsequently 
compounding problems associated wi th  the  high s o l i d s  content of t he  

The other 

2. 

The coring program conducted resulted in very l i t t l e  useful  
Baseline data are absent for determining the  u 

3, 

i n j ec t ed  br ine  . 
General i n t e rp re t a t ions  based on t h e  ava i lab le  records indica te  well  

i n j e c t a b i l i t y  is very l m  due to plugging 
been overpressured, which'allowed solid-laden br ine t o  breach the plugged 
gravel  pack and reach higher permeabili ty zones within the  formation 
c rea t ing  damage i n  that part of the formation, 
Most of the  plugging has occurred within t h e  area occupied by the grave l  
pack. A 

cent ra l -zone  of somewhat higher permeabili ty of an indeterminate thickness  

is probably a zone of gradat ional  permeabili ty ranging from'near 25 md a t  

4. 

Two wells, however, may have 

5. 

Present permeability of the inner zone is.approximately 25 md. 

the grave l  pack-formation boundary to undamaged regions wi th in  t h e  

47 



formation of 1.0 darcy or greater. 

may only be 1 or 2 feet.. 

The radial  ex ten t  of t h e  cen t r a l  zone 

6. R e m e d i a l  techniques to improve, i f  not restore, an t ic ipa ted  formation 
in j ec t ion  rates f o r  a l l  ex i s t ing  wells are f eas ib l e  b u t  w i l l  require 

immediate act ion to reduce+out-of-service time. 
I n  some wells i n  the  Bayou Choctaw f i e l d ,  plugging may be so extensive 
that a i r - l i f t  backwashing and acidizing may not be e f fec t ive .  

7. 

Overpressuring up to allowable limits may be e f f e c t i v e  i n  improving 
i n j e c t a b i l i t y  using only treated brine and should be attempted. If 

overpressuring is not e f fec t ive ,  re-underreaming to remove damaged grave l  

pack and eliminate i n  place screens appears to be a feasible operation. 
Recompletion would involve i n s t a l l a t i o n  of a new screen and grave l  pack. 

Success of such an approach w i l l  depend on the radial ex ten t  of the 
cen t r a l  damaged zone of each w e l l .  
to be extensive during tests a f t e r  mrkover ,  the  f i n a l  a l t e r n a t i v e  is to 
recomplete through casing i n  upper in j ec t ion  zones. 
I n  other less-damaged wells, a i r - l i f t  backwashing and acidizing could be 

e f f ec t ive  f o r  w e l l  r ehabi l i ta t ion .  
redesigning to avoid the foaming problems experienced when t h i s  technique 

was i n i t i a l l y  evaluated a t  Bayou Choctaw. 
backwashed f l u i d s  must be found v i a  surface s torage or v i a  overpressure 
re in jec t ion  i n t o  a nearby severely damaged w e l l  selected f o r  recompletion 

according to procedures indicated i n  I t e m  7. 

A f i e l d  inspect ion reveals  t h a t  sur face  equipment is i n  extremely poor 

condition. 
meters o u t  of cal ibrat ion.  

I f  t he  cen t r a l  damage zone is found 

8. 

Such an approach w i l l  require some 

A method of s to r ing  t h e  

9. 

Specific examples include leaking f langes and valves and 

10. Problems re su l t i ng  from previously introduced solids have been serious 
enough to mask other physio-chemical factors t h a t  may be present.  

Incompatibi l i ty  between the br ine to be in jec ted  and the formation br ine 
is a d i s t i n c t  poss ib i l i t y .  

11. If the  recommendatims are implemented, i n j ec t ion  well performance should 

be improved considerably, assuming surface f i l t r a t i o n  and oxygen 
scavenger systems are on-line and e f f ec t ive  i n  removing suspended solids 

and cont ro l l ing  corrosion and assuming po ten t i a l  formation 
incompatibi l i ty  problems can be resolved., 
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a TABLE 2-1, Sol ids  introduced to grave l  pack and w e l l  i n j e c t a b i l i t y .  

* Y  

Completidn So l ids  
In j ec t ion  zone I n i t i a l  introduced 

p1uggi3 sand thickness, F lu id  volume vole pore space to  w e l l ,  f t 3  
W e l l  No. in te rva l  f t  injected,  bb l  w/in grave l  pack, f t 3  a t  20 mg/R l e v e l  ra t i  

2c 6 238 1,063,000d 
13 8 0.97 
107 1.06 

3e 6 245 1,344,000 1 4  3 
4 5 172 1,036,000 101 
5 3 312 346,000 183 
6 2 310 579 , 000 181 60 0.33 
7c 6 270 706,000 158 72 0.46 
8 3 230 387,000 135. 40 0.30 
9 2 357 878,000 20 88 : ” ”  . 0.42 

10 7 .  168 633,000 9 65 0.66 . 
11 2 26 3 126,000 15 13 0.08 . 
12 8 163 500 95 0.1 0 . 001 

35 0.19 I 

- - 
2,728€ 7,098 ,500f 1,596 , 7289 avg 0.53 

%ell 1 is not included because it was i n i t i a l l y  completed 
subsequently completed v i a  per fora t ions  i n  Sand I n t e r v a l  5, 
per fora t ions  i n  Sand Interval 3. 

h e f i n e d  here as *_extent to which the  ava i l ab le  pore space w i  
w i t h  introduced so l id s ,  i.e., 1.00 = introduced s o l i d s  equal ava i lab le  pore space f o r  so l ids .  
Owells used for pressure m i t o r i n g .  
dInjected volume and pressure da ta  for Well 2 were n o t  recorded prior to October 8, 1978. 

a gravel  pack i n  Sand Interval  6, 
d f i n a l l y  completed via 

gravel  pack has been f i l l  

An 
estimated addi t iona l  500,000 bbl  have been added to t h e  recorded volume to account f o r  period 
without records. 

well used for in jec t ion  during pressure buildup and fal l -off  tes t ing .  
f2602 bbl (109,300 ga l )  of br ine in jec ted  per foot of interval injected.  

90.27 f t 3  (18.3 pounds) of s o l i d s  in j ec t ed  per foo t  of i n t e r v a l  injected.  



TABLE 2-2. B r i n e  in jec ted  and equivalent contained so l ids .  a 

B r i n e  
i n j  ec ted, 

Sol ids ,  l b ,  a t  indicated br ine content,  mg/g 

bbl  1 2.5 5 10 20 40 80 

1,000 0.4 0.9 1.8 3.5 7.0 14.0 28.0 

5 000 1.8 4.4 8.8 17.5 35.0 70.0 140.0 
10,000 3.5 8.8 17.5 35.0 70.0 140.0 280 . 0 

50 , 000 17.5 43.8 87.5 175.0 350.0 700.0 1,400.0 
100,000 35.0 87.5 175.0 350.0 700.0 1,400.0 2,800.0 

500,000 175.0 437.5 875.0 1,750.0 3,500.0 7,000.0 14,000.0 

1,000,000 350.0 875.0 1,750.0 3,500.0 7,000.0 14,000.0 28,000.0 

5,000,000 1,750.0 4,375.0 8,750.0 17,500.0 35,000.0 70,000.0 140,000.0 

aSolids (pounds) = brine s o l i d s  content (mg/R) x brine in jec ted  (000s bbl) 
X 0.35. 
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brine inject ion Well 3. 

Pressure-time plot  'for *injection- test' (March, 1979) at Baybu Choctaw 
Probe depth was 8871 feet. 
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CHAPTER 3 
BRINE CHARACTERIZATION 

3.1 CHENICAL COMPOSITION AND SUSPENDED SOLIDS DATA 

R. Quong, R. Lh, C. H. O t t o ,  Jr., J. E. Harrar, 
C. J. Morris, L. P. Rigdon, and S. B. Deutscher 

Brine analyses wefe per iodica l ly  conducted a t  t h e  three SPR sites to 

provide basel ine chemical data necessary for the  evaluat ion of br ine  
i n j e c t a b i l i t y  and to document t h e  v a r i a b i l i t y  i n  br ine chemistry on a 
day-teday basis. 
of t he  total brine disposal period, va r i a t ions  within these short periods 

suggest what can be expected during normal si te operations.  Changes i n  br ine  
pH and s a l i n i t y  and the presence of extern 1 contaminants such as oi l  must  be 

Although our test period represents  only a minute f r a c t i o n  

roperly evaluate chemical pretreatment and f i l t e r  performance tests. 
I n  general ,  the  ponded brines were scru t in ized  m o s t  closely.  Pond 

e f f luen t s  were t h e  f l u i d  source for most of the  granular media f i l t e r  tests. 
A t  Bayou Choctaw,  we also tested nweakn br ine from a new cavern being leached 

with fresh water f rm a local source (Cavern Lake) .  Density, chloride, i ron,  
pH, and suspended solids concentrations were determined a t  least once dai ly .  
The presence of po ten t i a l  sca l ing  and solids-forming cons t i tuents  such as 

‘ Caw, SO:, COY, and H a 3  were also determined, bu t  a t  less frequent 

i n t e rva l s  (every 3 to 4 days). 
measurements were also made on br ines  sampled a t  other important loca t ions ,  

such as the cavern wellheads (input to the pond) and a t  t h e  i n j e c t i o n  site. 
Fresh water sources (Cavern Lake a t  Bayou Choctaw and Brazos River a t  Bryan 

Mound) t h a t  were used for d i lu t ion  and wash purposes were also sampled and 
analyzed. 

characterized, being t h e  source of f l u i d  for f i l ter  evaluat ion by both LLL and 
three commercial f i l t e r  manufacturers. 

three SPR sites were sen t  to a canmercial laboratory for corroborative and 
m o r e  comprehensive water analyses. 

Periodic chemical anaiyses and properties 

A t  Bayou Choctaw, t he  weak or leach brines  were also extensively 

I n  addi t ion,  b r ine  samples from a l l  

L! 
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3.1.1 On-Site Analytical Method 
w 

IJ Most analyses were conducted ing Engineer s 
Laboratory "color im 

Whatman #l paper. An aliquot'was e given in the 
DR-EL/2 Methods Manual was followed. 
the kit contains an 
10-Phenanthroline. 

For dissolved s first filtered with 

The Ferro Ver Iron Reagent provided in 

cetate :buffer agent, and the color reagent 1, 
After color 'development, the iron coxkentration is read 

sample was acidified with rom the meter 

Sulfa Ver IV'SU arium salts 

n Qf sulfate was read 

tetracetic acid solution. The sample was made strongly 
' hydroxide to precipitate magnesium hydroxide. A Cal Ve 

titrated with Titra Ver 
r r  bd 

h standard acid 

Phenolphthalein indicator must be 

de was determine 

to hold the nsion, thus giving a 

Average brine compositions from the various locations at the"three sites 

are given in Table 3-1. 
turbidimeter and suspended solids 'concentrations determined by filtration with 
0.4 pm Nuclepore membrane filters are given in Table 3-2. 

Fluid turbidity as measured by a Hach Model 2100 

LJ 
I 
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Daily br ine properties and basic chemical data, and supplemental 
more comprehensive analyses are tabulated i n  Appendix VI for West Hackberry, 

Appendix VI1 Bayou Choctaw, endix VI11 for Bryan Mound. 
The p r inc ipa l  dissolved species i n  these br ines  is NaC1. 0 t h  

cons t i tuents  present  w i t h  po ten t i a l  for 
SO= and HCO;/COi. Although present  i ciable concentrations,  none 

of these species appears to be a t  
exception of the  Bryan Mound b r i  

and has a pH of 

p i t a t i o n  include Fe 

4'  
l eve l s ,  wi th  the possible 

avern 4 a t  Bryan Mound contains  
t had been used i n  t h e  past for 

processed by t h e  Dow mica1 Company. Brine from Cavern 4 

may be supersaturated wi th  CaSO, and CaC03. 

nei ther  in jec ted  nor evaluated for i n j  

w i l l  need to be disposed of, 

allowed standards for 

Cavern 4 brine,  however, was 
i l i t y .  Ultimately, Cavern 4 br ine  

i z e s  results of bench-scal era1 n e u t r a l i  
of Cavern 4 brine. 

3.1.3 Brine Pa r t i cu la t e s  

The cavern brines are sa tura ted  i n  N a C l  a t  cavern temperatures of 30 to 
32 C. 

disposal operation. A t  West Hackberry, d i l u t i o n  water is added befo 

brine reaches the surge pond. The chemical composition of t h i s  d i l u  
not determined. A t  Bayou Choctaw, Cavern Lake water is in jec ted  i n t o  t h e  

disposal l i n e  a t  a poin t  that is downstream of t h e  surge pond . Prior to 
d i lu t ion ,  salt  precipitates i n  the pond. 

windblown p a r t i c u l a t e  matter is evident on t h e  pond surface.  
s a l t  p rec ip i t a t ion  i n  the pond is eliminated by adding Brazos River water to 
the cavern br ine  a t  the poin t  of 
sources of d i  t i on  water are e x t  
solid contaminates than is contained i n  ponded br ines  themselves. 
t r u e  even though probably only 5 percent or less of . d i lu t ion  water is used I 

(the ac tua l  f l a w  rate of d i luen t  is not measured, b u t  in fer red  from changes i n  

C1' concentration) . 

Without d i lu t ion ,  salt precipitates when br ine  cools during the  

A f ro thy  layer  en t ra in ing  s a l t  and 

A t  Bryan Mound, 

y to the  surge pond. 

l y  tu rb id  and cont r ibu te  as much or more 
However, 

Th i s  is 
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The brines, as th caverns are saturated in NaC1, but are 
relatively free of partic Table 3-2. The brine picks up 

suspended solids in the open surge pond from windblm’dust, soil 
occasional dumping of for n matter. The dilution water just de 

44 

other major source of partic te contqi na t ion. 
The ponds ao’ serve as crude settling basins. At‘West Hackberry, brine 

was recirculated to provide test fluid during periods when oil 
stored in caverns. The resultant agitation of the pond sedime 
particulate concentrations by an order of magnitude to 
suspended solids content (4.6 rng/ll) was still above normal 48 hours after 
recirculation of ponded brine ceased. 

Corrosion products are another potential source of particulate 

contamination in the ne. The corrosivenes the brine is greatly 
increased by oxygen that is absorbed in the b 

This problem (a solution) is discu 
The weak or leach brines at Bayou Chocta 

The suspended sol 
about one order of magnitude greater than t 
of 3 to 4 less than that of the Cavern Lake 
indicates that about 75 pe 
settles out in the leach cavern to the benefit 

t of the particulates in the Cavern Lake water 

alyses 

he three ’ sites 

Calcite and gyps at precipitation 

le, gypsum has 
t is less solu 

solids, however, may be of little concern, provided these changes occur well 
beyolld the wellbore. 
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Chemical composition by X-ray fluorescence ana lys i s  of the br ine 
suspended solids are given i n  Table 3-3. A t  West Hackberry, a f i e l d  
determination of i ron  i n  the solids was attempted by acid treatment, followed 

by dissolved i ron  analysis.  
dissolved i n  which i ron  was 6.2 percent of the o r i g i n a l  sample. 

HC1 + conc HNO 
i ron  i n  the  o r ig ina l  sample. 
mineral determinations by X-ray analysis.  The i ron  content i n  the solids is 
important i n  se lec t ing  pretreatment chemicals prior to f i l t r a t i o n  processes. 

With lM HC1 a t  25 C, 22 percent of t h e  solids 

With hot 6 M  . 

20:2, 40 percent of the solids dissolved to give 10 percent 3, 
These data are cons is ten t  with the  i ron  and 

3.1.5 Incubation T e s t s  

B r i n e  samples were incubated a t  35 C from 15 minutes to 24 hours and then 
filtered through 0.4 pm membrane f i l t e rs  to determine time-dependent changes 
i n  particulate concentrations. 
time are apt to be i n  equilibrium with the surroundings. 
exposed to the  cool surface surroundings and contaminates i n  and around the 

pond, the  question arises as to whether p a r t i c u l a t e s  w i l l  begin to precipitate 

i n  the in jec t ion  reservoir ,  p a r t i c u l a r l y  Vpon reheating. 
exh ib i t  inverse  temperature s o l u b i l i t y  and could pose a problem., Tables 3-4, 

3-5, and 3-6 summarize the test results of incubated brines. I n  general ,  the 

br ines  are q u i t e  stable over the  24-hour period, p a r t i c u l a r l y  the  ponded 
br ines ,  which are ul t imately injected.  
wellheads and fran t h e  in j ec t ion  sites are also s t a b l e  a t  35 C. 

cavern brines are an exception because of r e l a t i v e l y  high dissolved i ron  
concentrations. 

Brine stored i n  caverns for long periods of 

However, when 

CaCO, and CaS04 

L? 

Brine sahples obtained from the  cavern 
Bryan Mound 

Cavern 5 brine a t  contains 1.35 ppm dissolved i ron,  much 
higher than a t  the other two sites. 
Fe(OHI3 p rec ip i ta t ion ,  which presumably would take place i n  the  pond. 
new pa r t i cu la t e s  should be removed before inject ion.  However, t h e  incremental 
increase i n  suspended solids due to i ron  p rec ip i t a t ion  is only a f r ac t ion  of 
t h e  total, p a r t i c u l a r l y  after br ine d i l u t i o n  with highly tu rb id  r i v e r  water. 
A t  the  other  sites, dissolved i ron  also decreases with incubation t i m e ,  bu t  
t he  absolute  l e v e l s  are so low, tha  addi t iona l  solids, owing to  Fe(0H) 

prec ip i ta t ion ,  cannot be detected w the  precis ion of t h e  meas 

Oxidation by exposure to air  results i n  
These 

3 

Li9 
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3.1.6 Treatment of Cav rine a t  Bryan Mound 

d7, i nes  v i a  p ipe l ine  to t h e  Gulf of Mexico, t he  
brine pH must ’be 1 

accomplished by d i  

brines. 

resides there plus  the vo l  
therefore, evaluated. 

red from pH 1 

t acidif icati 
less than pH i o .  Th i s  can be 

r by mixing w i t h  other ex i s t ing  lower pH 

Cavern 5 is s u f f i c i e n t l y  l a rge  to contain the br ine t h a t  already 

contained i n  Cavern 4. This  combination was, 

Samples of brines from Caverns 4 and 5 a t  the  Bryan Mound ‘site were 
received a t  LLL on April 25, 1979. 

dependence of pH on brine mixture ratios and acid (HC1) t i t r a t i o n .  Individual  

Measurements were made to es tab l i sh  t h e  

br ines  and a 1.53 to 1 mixture ratio (by volume) of Cavern S/Cavern 4 br ine  
were f i l tered for suspended solids concentration determinations. 
ratio. was based on ‘the known volum 

of April 18, 1979. Tab1 

I 

The mixture 
ine  contained i n  the  two caverns as 

use  of slow 
d to 8.8. Further ’ 

small and probably not s ign i f icant .  

7 because of diss 

7 and disposal of 

ns considered are as 

re HC1) or $5480 

ns  of leo B6 HC1 ( 
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When br ines  from Caverns 4 and 5 are combined, t h e  mixture becomes 

supersaturated i n  taco and prec ip i ta t ion  results. This raises the 3, 
po ten t i a l  of calcite sca l ing  of w e l l  casing and piping exposed to the  , Ll 
nonacidified mixture. 

Cavern 4 br ines  for separate disposal or combine the  two cavern br ines  on the  
surface followed by ac id i f i ca t ion  and disposal. 

To be conservative, it may be most prudent to ac id i fy  

Suspended solids samples have been analyzed by X-ray d i f f r a c t i o n  and 
scanning electron microscopy and confirm the presence of CaCO i n  the  mixed 3 
br ine  precipitates. 

3.2 PETRoLeuM ANALYSES 

K. G. Knauss 

3.2.1 Experimental Technique and Cal ibrat ion 

12 The method of Gruenfeld (1975) was used to measure petroleum 
dispersed i n  the  various br ines  and freshwater a t  the W e s t  Hackberry, Bayou 
Choctaw, and Bryan Mound SPR sites. 
were g la s s  and Teflon. 
before it was used. 
(1,1,2-trichloro-1,2,2-trifluoroethane) was used to perform a solvent  
ex t rac t ion  on 1.5- l i ter  ac id i f i ed  br ine samples. The Freon e x t r a c t  was 
c l a r i f i e d  when necessary by f i l t e r i n g  through anhydrous sodium su l f a t e .  
such extract ions,  each using 25 lrdl of solvent,  were performed, combined, and 
brought to 100 mal volume. 
than 99 percent. 
a t  2930 an-’ was then determined using a Beckman Acculab 8 Inf ra red  
Spectrophotometer with 10- and 100-mm path-length cy l ind r i ca l  cells. 

de tec t ian  l i m i t  under these experimental condi t ions is about 0.2 ppm. The 
blanks run a t  each site produced no detectable absorbance; hence, no blank 

cor rec t ion  was applied to the data. 

The only materials contacting the  sample 

A l l  t h e  equipnent was r insed thoroughly with Freon 
Baker PHOTREX reagent grade Freon 113 u 

Three 

Extract ion e f f ic iency  was estimated to be better 

The absorbance of t h i s  so lu t ion  due to C-H bond s t r e t ch ing  

The 

. 

-Bouguer Law plots were derived using standards prepared f 

ac tua l ly  being in jec ted  a t  each site. These plots (Fig. 3-1) are 
a l l  l i nea r  (r2 > 0.999) and pass through the  or igin.  
determined a t  each s i te  was used to ca lcu la te  the-petroleum content  of each 
sample from that site. 

The regression equation 
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3 . 2.2 R e s u l t s  and Discussion 

bi The data obtained from the t h  re summarized i n  Table 3-12. 

It  should be noted t h a t ,  

collected, an oil storag 

t h e  hblding pond. The lobules completely darkened t h e  

br ine and undoubtedly h t ion  in t h e  br ine pond out '  and 
in j ec t ion  samples would be higher 'by orders of magnitude. 
concentrations ac tua l ly  observed probably represent  a residual s igna l  from 
t h i s  event. 

few 'days before t h e  West Hackberry samples were 
was flushed-out wi th  br ine 'and discharged i n t o  

The r e l a t i v e l y  high 

3.3 DISSOLVED OXYGEN MEAS 
i K. G. Knauss 

3 . 3 . 1. Exper imental 
I .  

Three methods ed i n i t i a l l y  to measure issolved oxygen content 
of t h e  samples a t  the West Hackberry SPR site:' mo 739 Y S I  ( Y e l l o w  Springs 
Instrument) dissolved o e g e n  probe with 1 . O - m i l  Teflon membrane/model 57 YSI 
dissolved oxygen meter combination; model 200 A Simplec dissolved oxygen probe 
wi th  1 .O-miI  Teflon membrane-meter combination; and the Chemetr ics 
colorometric dissolved oxygen k i t  using reac t ion  with rhodazine D. 

Chemetrics k i t  had an upper l i m i t  of 1.0 p p m  dissolved oxygen and employed 
visual color pcomparison and, 'hence, was only used to spot check t h e  

probe-meter observation 
i d e n t i c a l  i n  p r inc ip l e  although the  5implec meter apparkntly employs much more 
s e n s i t i v e  cur ren t  sensing c i r cu i t ry .  

Cej 

The two probe-meter combinations are e s s e n t i a l l y  

two probe-meter combinations 

eries of tests; 
hence, it was 'decided t i n e l y  using the YSI 

heck results. The high-sal ini ty  

ct, an amplified "apparent" dissolved 
d and thus the  

could detect. 

cs 
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A s h o r t  length of tygon tubing was used to discharge sample a t  the bottom 

of a l- l i ter  vacuum f l a sk  i n  close proximity to the dissolved oxygen probe. 

Plow rate was control led by needle valve to provide sample a t  a rate of 
about  10 J?,/min, b u t  slow enough to prevent cavi ta t ion .  
supplied for 5 minutes p r io r  to recording the  dissolved oxygen. The 
probe/meter combinations were calibrated severa l  times d a i l y  by the  water 

saturated a i r  method and l i t t l e  d r i f t  was encountered. Temperature 
compensation was provided automatically v i a  a thermistor i n  bot 

no instrumental  s a l i n i t y  compensation was used. 

Continuous f l o w  was 

3.3.2 Dissolved Oxygen S a l i n i t y  Correction Factor 

As mentioned above t h e  "apparent" or observed dissolved oxygen content i n  
s a l i n e  waters was higher than the t r u e  value when no system s a l i n i t y  

compensation was used. 
following manner. Oxygen s o l u b i l i t y  data contained i n  MacArthur (1916) 
provide t h e  only values mentioned i n  t h e  l i terature for so lu t ions  as high as  

4 - N i n  NaC1. 

50 C) p l o t t i n g  dissolved oxygen versus mg NaCl/kg H20 up to 320,000 mg 
NaCl/kg H20. MacArthur's data agree reasonably w e l l  with these  plots. 

These plots provide oxygen s o l u b i l i t y  a t  sa tu ra t ion  over most of the  
temperature-salinity range encountered a t  the  SPR sites. 

An approximate cor rec t ion  factor was derived i n  the  
13  

Hudgins (1979)14 has provided a family of f i v e  curves (10 to 

The pond in f luen t  br ine a t  a l l  t h r e e  SPR sites contained l i t t l e  dissolved 
oxygen. While res id ing  i n  the  holding pond, t he  br ine is presumed to  approach 

equilibrium with the  atmosphere. Hence, any sample of pond e f f l u e n t  br ine  
should be a t  or near air  sa tu ra t ion  with dissolved oxygen. These samples then 
provided a means to estimate the  value for t h i s  cor rec t ion  fac tor .  A 

comparison was made of a l l  values for pond e f f l u e n t  br ine dissolved oxygen 
br ine  with the  a i r - sa tura ted  values predicted fo r  dissolved oxygen a t  t h a t  
temperature and s a l i n i t y .  The value observed dissolved oxygen to predicted 

sa tu ra t ion  dissolved oxygen ranged from 0.26 to 0.56 but  half  t he  values f e l l  
i n  the narrow range 0.26 to 0.28 and the  d is t r , ibu t ion  of values  was negat ively 
skewed. EIence, f o r  t he  extremely saline br ine  ncountered i n  t h i s  study, a 
s a l i n i t y  cor rec t ion  factor of 0.26 was applied i n  the  YSI probe-meter 

combination readings to account for a l l  undeterminable probe-meter r e l a t ed  
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effects. I n  later measurements with NaC1-saturated solutions i n  librium 

wi th  atmospheric air , - r  
the 'same probe-meter aombinati definite instrument effects. I n  
Tables 3-13 through 
reported. 

ings ranging frcun 2i'6 to 4.15 ppn were obtained w i t h  

6, both the uncorrected and corrected values are 
. >  

I n  the absence 8 an alternative method for 
determining the cor 
is that  suggested ly Budgins14: 

en i n  saturated brines 

where Cs and Co are the dissolved oxygen 
solution and i n  pure water espectively , i t h  atmospheric air. 

The relation is derived if it is assumed-that obe indicates the 
" true activity" of dissolve 

entrations i n  a NaC1-saturated 

-, I 

As = A 
0 

where A = activity = y = activ 

r 

l/Ys = cs/co = f 

Using a value of 1.35 ppm for Cs 
factor of 0.16 is obtained Corrected dissolved 
oxygen concentrations would be 38.5 percent laver than the values presented 
throughout t h i s  report, clearly indicating that the brines assumed to be 
air-saturated are actually undersaturated. 

3.3.3 Results and Discussion e .  

Complete ana 3-14, and 3-15, and the 
corrected data ar 
refer to these da 

allowing specific comments 

West Hackberry : 
1. O i l  was not actually being injected while dissolved oxygen tests were 

being conducted a t  t h i s  site. 
may not be representative of those encounte 

The dissolved oxygen values observed 
the system is 
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Bayou Choctaw: 

1. O i l  in jec t ion  ceased on January 28, 1979; therefore ,  samples 
representat ive of an ac t ive  system could no longer be acquired after 1.i 
t h i s  date. 

2. I n i t i a l  values observed i n  scavenging experiments ind ica te  lake water 

values as high as 6.50 ppm. 

hence, no s a l i n i t y  correct ion was applied to the data. 
The s a l i n i t y  of these  waters was low; 

Bryan Mound: 
1. The pond inf luent  from Cavern 5 was charged with gas  bubbles 

regardless  of ow rate and thus d i f f e red  considerably from t h e  
The high dissolved oxygen value observed here may avern 4 sample. 

be due to the presence of CO, HZS, SO2, halogens, or neon gases 
t h a t  in te r fe re .  

A s  a t  Bayou Choctaw, the f r e sh  water sample a t  t h i s  s i te  required no 
s a l i n i t y  correction. 

2. 

As ant ic ipated,  a t  a l l  sites the br ine being displaced from the caverns 
is e s s e n t i a l l y  devoid of oxygen. However, the  br ine  approaches a i r - sa tura t ion  

while res iding i n  the holding ponds. 

3.4 POTENTIAL PRECIPI FRDM REINJECTION BRINE L 
T. J. Wolery 

The po ten t i a l  fo r  p rec ip i t a t ion  of sol ids  from three  SPR re in j ec t ion  

br ines  w a s  examined theo re t i ca l ly  by use of the  EQ3/6 computer code 

package.15 

report, and are described i n  Table 3-17. 

These br ines  are designated as SPRl, SPR2, and SPR3 i n  t h i s  

The ana ly t i ca l  data i n  Table 3-17 were used to evaluate the chemical 

po ten t i a l s  of t h e  so lu t ion  components and hence the  sa tu ra t ion  state of t h e  
f l u i d s  with respect to possible precipitates. 
evaluated numerically as e i t h e r  of t h e  funct ions 

Saturat ion state can be 

log  Q/K , 

or 

2.303 RT log Q/K 
where Q is the  a c t i v i t y  product of a mineral d i sso lu t ion  react ion,  K is its 
equilibrium constant  a t  the  pressure and temperature of i n t e r e s t ,  R is the  gas 

constant,  and T is the absolute temperature. A t  equilibrium, Q = K and each 

Ll+ 
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Posi t ive  values ind ica te  supersaturation, negative one, ' 

ven i n * t h e . b e s t  of casestthe propagation of errors is such undersat ura t ion  

t h a t  t he  uncertainty i n  log Q/X is no 1ess . than  about 0.1. 

2.303RT = 1.364 a t  25 C. 

k.' For reference,  

The EQ3/6 code package uses a set of a c t i v i t y  coe f f i c i en t  approximations 

solut ions,  and.,applies them to individual  chemical , 

These are not conside r e l i a b l e  above ion ic  

molal, except for sodium and chloride i n  pure sodium 
br ines  discussed here ve ion ic  s t r eng ths  i n  the 

, th i s - t rea tment  is completely sa t i s fac tory .  
These br ines  are well approximated by so lu t ions  i n  the  system 

NaC1-CaS04-H20. Consequently, it was possible to evaluate log Q/K a t  25 C for 
some minerals by using Wood's method16 as well. 

accurate for such concentrated br ines  than t h a t  cur ren t ly  used by EQ3/6. 

Th i s  approach is more 

'However, it has not been as general ly  worked out .  

used, for example, to determine t h e  sa tu ra t ion  s ta tus  of br ines  wi th  respect 
to carbonate minerals. Th i s  is unfortunate, because the carbonates are t h e  

most important p o t e n t i a l  precipitates from these brines,  according to the 

EQ3/6 r e s u l t s  (Table 3-18) . 

It cannot cur ren t ly  be 

i-8 The discrepancies i n  log Q/K for halite ca lcu la ted  by the  two approaches 
are small, y e t  surpr i s ing  because the br ines  are dominantly N a C l  b r ines  and 

the  a c t i v i t y  coe f f i c i en t  approximation i n  EQ3/6 is keyed to pure NaCl 

solut ions.  The most concentrated brine,  SPR3, is j u s t  undersaturated with 

respect to, halite. 

aragoni te  (its less stable polymorph) , and dolomite [CerMg (a3) 2]. 

Q/K uncertainty for gypsku is any guide, these so lu t ions  could be saturated,  

undersaturated, or supersaturated w i t h  respect to these carbonates.. 

A l l  three brines are close to sa tu ra t ion  w i t h  respect to calcite (Cam,), 
If the lag 

Extremely high supersaturat ions were ca lcu la ted  for the  i ron  oxides. 

This  is probably only a consequence of colloidal ferric hydroxide passing 
through f i l ters  and contr ibut ing to the analyzed value of "dissolved" iron. 

The effect of temperature on the sa tu ra t ion  state for halite and the 

carbonates (as predicted by EQ3/6) is shown in Fig. 3-2. There is almost no 

effect on halite i n  this temperature range, although its s o l u b i l i t y  does 
increase wi th  temperature. However, the funct ion 2.303RT log Q/k increases  

l i n e a r l y  wi th  temperature for a l l  the  carbonates. According to these EQ3/6 

ti 
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calculations, a l l  the carbonates become supersaturated a t  temperatures above 
about 45 C. 

magnitude as the uncertainty suggested by the comparison wi th  Wood's equations 

a t  25 C. 

The EQ3/6 code was run i n  another mode to calculate stable assemblages of 

LJ The variations w i t h  temperature, however, are of the same 

precipitates. 
For SPR3, dolomite appeared i 

carbonate for each brine is s 
increases w i t h  temperature once the carbonate appears. 

most probably correct, the absolute volumes could reasonably b 
factor of two. 

For SPRl and SPRZ, only calcite was volumetrically important. 

i n  Fig. 3-3. The volume of precipitate 
Although t h i s  trend is 

ncorrect by a 
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TABLE 3-1. SPR Brine properties. 

kid 

Source pH g/n& C1- Fe(D) Fe(T) Ca++ SO; HCO; 

7.5 1.182 172,000 
7.6 1.177 170,000 
7.6 1.176 167,000 

. )  

6.8 1.197 192,000 
6.8 1.196 191,000 
7.8 1.0 <53 
6.9 1.189 184,000 
6.5 1.173 164,000 

6.8 1.198 197,000 
8.1 1.0 n '  240 

6.9 1.191 187,000 
6.8 1.186 179,000 
11.1 1.196 190,000 

- .  

W e  s t Hackberry 
Cavern brine 
Ponded brine 
Injection site 

Bayou Choctaw 
Cavern brine 
Ponded brine 

Cavern Lake water 
Injection site 
Weak brine 

Bryan Mound 
Cavern brine 

River water 

Ponded brine 
Injection site 
Cavern 4 brine 

LJ 

- 0.19 
I -  0.40 
- 0.42 

1 -  ' 0.33 

0.14 0.34 
0.36 1.0 
0.17 0.62 
0.48 1.10 

1.35 1.7 

0.28 0.43 
0.39 1.68 
0.43 1.40 
0.02 0.07 

650 1475 294 
612 1319 293 
603 1250 296 

465 833 148 

398 700 148 
28 17 103 

380 650 159 
1060 1115 97 

901 . '3000 110 
58 80 I 153 
894 2275' 112 

821 2375 116 
921 3500 - 
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TABLE 3-2. Turbidity/suspended so l ids  i n  SPR f lu ids .  

1 
j 
I 

Source 

Turbidity, mu 4 l d  Suspended so l ids  
conc.t mg/ll > 0.4 Um Range Average 

West Hackberry 
-- Cavern br i ne 0.73 0.26 - 1.4 

Ponded brine 3.2 0.61 - 20.0 2.9 * 

Injection site 3.2 1.3 - 7.4 3.3 

Bayou Choctaw 

1 Cavern brine 0.7 0.6 - 0.9 

Ponded brine 3.. 5 1.2 - 1.8 3.0 . 

Injection site 5.7 4.0 - 8.8 7.0 

Weak brine 11.1 5.4 - 20.0 20.0 

76.0 Cavern Lake water 70 - 
Bryan Mound 

- Cavern brine 2.2 2.1 - 2.3 

Ponded brine 11.8 6.8 - 19.0 4.5 

Injection site 12.5 12.0 - 13.0 6.8 

River water 32 -- -- LJ 
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h e m i  cal campos i t ion': of br i ne nded s o l i d s  (ana lys i s  
_ _  by .X-ray fluorescence) . . -  

a t  West a t  Bayou a t  Bayou - a t  Bryan a t  Bayou 
Element Hackberry Choctaw Choctaw ' Mound Choctaw 

b '. 
A 1  19 ..2 -6.5 -11.0 8 -  .. 3.1 -15.0 

si 18.5 17.5 21.6 9.3 
0.71 0.56 0.90 0.33 

4.7 - -- -- 
K- <*! 0.99 2.8 0.62 

Ca . 1.18 1.2 0.71 2.7 
T i  0.30 0.36 0.48 0.33 

c - * -  

J I ,  

' - 1, 
C r  

Mn 

Fe 
cu 
Zn 

Gh 

Bv . r  

O.Ola 
- *  

0.06 

7.30 
0.06 

0.02 
ND 

-0.001 - - - 

-- 
-- 
7.8 
0.14 
0.03 

. -- -. 

a- -- 
-0.04 - __ 

4.5 23.3. 
0.02 0.02 
0.01 0 . 015 
e- -- 
-- -- 

Rb 0.008 0.006 0.01 0.0035 
Sr 0.008 0.02 0.03 0.015 -- -- -- Y 0.004 

Zr 0.02 0.01 0.02 ' 0 . 007 
Nb 0.001 -- -- -- 
As 0. 003a -0.02 -0 . 002 -0.01 
Pb 0 . 011 0.11 0.02 0.05 

Sn 0.013 
Sb 0.003 0.003 0.008 0 . 0015 

Ba 0 072 0.17 0.13 0.63 

La 

Ce ~ 

- u -- 

0.005 - -0.02 -_ 
0;007 - -- _- - _  - 

0.05 0.09 0 . 015 - 
LI 

17.3 
0.26 
-- 
1.6 

0.59 

0.32 
-- 
_- 
3.3 
0.09 , 

0.03 
-- 
-- 
0.006 

0.004 
-- 
0.01 
-- 

- *Om 003 
0.02 

0.03 
-- 
-- 
0.05 

'Estimate . 



TABLE 3-4. West Hackberry brine incubation data (35 C ) .  

Brine 
Pond input I mg/R Ponded -brine I mg/k a t  in jec t ion  site, mg/g 

Time, 
Ee f i l t r a t e  hr So l ids  F e  filtrate So l ids  Fe f i l t ra te  

0.2 0.09 

0.11 
- 
- 

0.08 

0.08 

0.07 
- 

0.07 
- 
- 
- 
- 

0.05 

1.3 

2.2 

0.19 4.5 " .  

- 
- 

0,13. 
- 

0 

0: 25 0.2 
- o.is 

0.50 

0.75 
0.12 
- 

2.7 

3.3 0.16 
1 

2 

2.3 

0.2 

0.2. 
- 

0.2 
- 

2.5 

2.7 

2.7 

2.7 

0.14 - 
0.13 

0.08 
- 

0.04 
- 

3.7 

3.6 
- 

3.2- 
- 

2.4 

2.4 

0.06 

0.05 

0.04 
- 

0.05 
- 
- 

4 

6 

7 

12 

17 
23 

24 

26 

3.0 

0.07 

0.06 

2.4 0.06 - 
0.2 
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TABLE 3-5. Bayou Choctaw br ine incubation data  (35 C). 

9:l Ponded brine/ 
Cavern 18 brine,, mg/R Ponded br ine,  mg/R Cavern Lake, mg/R Weak brine,  mg/a 

The, hr Sol ids  Fe f i l t ra te  Sol ids  Fe f i l t ra te  Sol ids  Fe f i l t ra te  Sol ids  Fe f i l t ra te  

10.1 0.13 19.1 0.33 
13.0 0.19 15.2 0.38 

0 2.4 0.23 5.4 - 
0.5 2.7 - 5.4 - 
1.0 2.2 0.33 5.4 0.28 13.7 0.10 13.6 0.33 

13.2 0.12 13.1 0.25 
12.3 0.11 13.2 . 0.13 

2.0 '2.3 - 5.4 - 
4.0 1.7 0.19 4.4 - 

4 
W 

,~ ' ' ' . ' .  

. ,  

I .  

, .  . . , . .  
. , I - _ . ^  

. I  

. .  
. .  . 

. .  
. " .  
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TABLE 3-6. Bryan Mound brine incubation d a t a  (35 C) .  

Chemically treated and 
Cavern 5 brine, mg/g Ponded br ine,  mg/a Brine  a t  inject ion site, mg/& filtered brine,a mg/R 

Time, hr So l ids  Fe f i l t r a t e  So l ids  Fe f i l t r a t e  Sol ids  Fe f i l t ra te  So l ids  Fe f i l t r a t e  

0.08 4.2 0.28 0.9 0.07 
1.3 0.06 0.14 

0 2.6 1.42 2.8 
0.5 2.0 1.40 2.8 0.07 

1.0 1.6 1.28 2.6 

2.0 2.5 1.00 4.9 0.07 4.1 
4.0 3.1 0.80 3.1 

8.0 4.6 0.35 2.3 0.04 

4.2 

0.07 4.4 0.16 1.4 0.10 

0.05 3.9 1.8 0.10 
7.4 3.8 0.10 

0.11 0.5 0.15 
0.17 

0.10 

4.0 0.07 5.3 0.08 0.5 0.08 16.0 3.5 0.13 

a10 mg/R alum + 0.2 mg/$ Magnafloc 985 M; triple-media fi l ter .  

t 



mixtures J (Bryan Mound)'. 

W 
Cavern 5 to Cavern 4 volume ratio - 

~ 

0.2 10.89 

0.4 10 . 76 

-10.62 0.6 

0.8 

1.0 

1.2 ' 

1.4 

1.53 

1.6 

1.8 

'10 . 46 

' 10.26 

9.97 

9.61 

9.45a 

9.30 

9.08 
. 2.0 I. 1 - " -  8.66 

2.2 8.52 

2.4 8.38 

8.26 2.6 

2.8 8.20 

3.0 8.00 

4 d  

$H.declines to 8.8 within 1 hour because of slow 
prec ip i ta t ion  of CaCO3. 

75 



TABLE 3-8. HC1 -eonsumption and resul tant  

pH i n  1.53 (by volume,) Cavern 5 ts, 
Cavern 4 brine mixture. 

.. L 

PH . HCl consumption, ppm by weight 

8.8 0 

8.7 0.48 
8.5 1.92 
8.0 
7.5 

7.0  

6.5 

6.0 

5.5 

' 5.0 

4 . 3.2 
17.3 

27.6 

34.8 

43.2 

52.3 ' 

59.0 
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TABLE 3-9. 
pH in 1.53 (by volume) Cavern 5 to 
Cavern 4 brine mixture p 
remove-precipitated solids (Bryan Mound). 

HC1 consumption and resultant 

PH HC1 consumption, ppm by weight 

8.82 
8.67 
8.48 
8.30 . .  
8.09 
7.80 

7.40 
6.88 
6.62 
6.21 , 

5.83 
5.38 

5.05 

0 

0.96 
1.92 
2.88 
3.84 
4.80 

5.76 
6.72 
7.68 
8.64 
9.60 
10.56 

11.52 

, . .  

. .  

77 
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TABLE 3-10. 
pH of Cavern 4 brine (Bryan Mound). 

HC1 consumption and r e s u l t a n t  

L+ 
PH HC1 consumption, ppm by weight 

i 

11.1 0 

11. oa 3.04 
11.06 6.08 
11.04 9.11 

11.02 12.15 
11.00 15.19 

io .  9a l a  . 23 
10 . 96 21.26 
10 . 94 
10.92 

24.30 
27.34 

10.90 30 38 
io.  a6 
10.82 
10 . 76 

10.60 
10.50 

10.30 
i o  . oa 

8-70 
9.54 

7.60 
6.00 

4.45 

36.45 
42.53 
48 . 60 

66 . a3 

78.98 

a8 . 09 

60.75 

72.90 

85 05 

89.61 
91.13 

92.64 

7a 



!CABLE 3-11. SUSB li tion and pH of Cavern 48 

avern 5, and combined brines (Bryan-Mound). d, 
Solids Solids 

concentration, concentration, 
Brine mg/R ppm, by weight PH 

Cavern 4 0.85 0.71 11-11.1 
Cavern 5 .2a . 5. 17a 6.76 
1.53 (by volume) Cavern 
Cavern 4 mixture after 
lhour 104 0 87.0 8.80 

%lay be high because sampling and handlin ncies . 

. !  
. .  . - . .  

I 
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TABLE 3-12. Petroleum concentration i n  SPR brines. 

Petroleum ' b: 
concentration, 

SPR site Date Sample mg/a 

West Hackberry January 11, 1979 

Bayou Choctaw January 28, 1979 

Bryan Mound February 25, 1979 

Pond i n  0.21 

Pond o u t  3.92 
Inject ion 4.34 

Pond i n  c0.2 
Pond o u t  c0.2 

I n  j ec ti on c0.2 
Weak br ine c0.2 

Pond i n  0.5 

Pond o u t  0.24 

Injection c0.2 

Fresh water c0.2 
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TABLE 3-13 . West Hackberry dissolved oxygen measurements . 
ti Br ine Dissolved oxygen 

temperature , content ,  ppm 
Time "C Uncorrected Corrected 

_. 
Sample point: Pond i n  

January 8, 1979 1600 14. 0.65 0.17 
January 9, 1979 1400 33. 0.10 0.026 
January 11, 1979 1730 26.3 0.15 0.039 
January 12, 1979 1630 33.2 0.10 ' 0.026 
January 13, 1979 1400 28.3 0.10 0. 026a 
January 14 ,  1979 1655 27.4 0.05 0.013 
January 15, 1979 1150 26.9 0.02 0.005 

-Sample point: Pond o u t  

January 8, 1979 1615 
January 9, 1979 1115 
January 11, 1979 0930 

- 1  1700 
January 12, 1979 1600 
January 13, 1979 1415 
January 14 ,  1979 , 1630 
January 15, 1979 1140 
January 16, 197 09 00 

sample point :  In j ec t ion  s i te  
January 8, 1979 *' 1500 
January 9, 1979 ^ ^  1000 
January 10, 1979 1110 
January 11, 1979 1620 
January 12, 1979 1500 
January 13, 1979 1120 
January 14, 1979 1600 
January 15, 1979 1100 

18.5 
20.5 
21.5 

.7 
19.6 
19.7 
14.8 
16 . 
23.5 

18 . 
21.5 
24. 
22.3 
19.7 
20.5 

15.3 
15 

4.80 ._ 1.25 
2.80. 0.73 
2 .'4 0. 62a 

0.52 
0.95b 

2.0 
3.65 
5.1 1.33b 
7.0 , 1.82 
7.10 1.84 
1.90 0.49 

3.45 0.90 
.~ 2.80 0.73 

1.45 0.38 
1.73 0.46a 
0.45 0 . 117 
3.20 0.83 

5.70 , 1.48 
5.90 1.53 

sample point: Corrosion test o u t  

January 11, 1979 1710 22.3 1.65 0.43 

January 13, 1979 20.1 0.15 0.04c 
January 1 4 ,  1979 1640 15. 0.05 0.013 

January 12, 1979 19.2 3.50 . 0.91 

achemet = 0.5. 

bChemet 2 1.0 . .) 
Chemet = 1.0. C 
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! TABLE 3-14. Bayou Choctaw dissolved oxygen measurements. 

Dissolved oxygen Br ine  
temperature, content ,  ppm 

T h e  "C Uncorrected Corrected Date 

Sample point :  Strong br ine  pond i n  

January 27, 1979 1425 28.3 0.05 0.013 
Sample point:  Strong brine pond o u t  

January 25, 1979' 1730 24.8 3.80 . 0.99 1.0 January 26, 1979 1345 25.6 3.85 
January 27, 1979 1405 , 25.4 4.05 1.05 

Sample poin t :  I n j e c t i o n  si te 
January 27, 1979 1145 24.2 4.55 1.18 

Sample point: Corrosion test out-flow 

January 26, 1979 1355 25.4 1.03 0.27 

January 27, 1979 1355 25.6 0.12 0.031 
1545 25.3 0.08 0.021 

Sample point :  Weak brine 

January 31, 1979 1200 11.6 10 .'5 2.73 
February 1, 1979 1340 14.7 10.9 2.83 

Sample point :  Lake water 

January 28, 1979 1640 11.0 3.96 3.96 

! 
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TABLE 3-15. Bryan Mound dissolved oxygen measurements. 
. .  . 

Brine '' Dissolved oxygen 
temperature, content, ppm 

LJ 
Date 

_-  Sample point :  Pond i n  ' 

February 24, 1979; 1530 29.4 =- '  0.05 0 . 013 
February 25, 1979 ~ 1100 32.6 L _  0 . 125' 0.033 

Sample point:?Pond o u t  
. c  . 
February 23, 1979 1530 23.5 . _  4.85 . 1.26 
February 24, 1979 1550 23.4 5.15 1.34 
February 25, 1979 9 1710 23.1 4.50 I '1.17 
February 26, 1979 = 0945 25.6 3.18 0.83 
February 27, 1979 1420 25.7 . 5.20 1.35 

. Sample point: In j ec t ion  si te 

February 26, 1979 1710 25.7 2.85 0.74 
February 27, 1979 1345 25.1 3.73 0.97 

Sample point :  River water 
February 2, 1979 1550 17.4 3. 97 3.97 
February 24, 1979 1605 18.0 4.55 4.55 
February 25, 1979 1700 17.6 5.20 5.20 
February 26, 1979 0935 16.8 5.10 5.10 
February 27, 1979 1410 . 17.0 6.35 6.35 1 

aCavern 4. 

'jcavern 5. 

Charged with gas bubbles . C 



TABU 3-16. Average corrected disso lved oxygen contents. 

Average corrected disso lved oxygen content,  ppm, 
a t  indicated site 

Source West Hackberry Bayou Choctaw Bryan Mound 
~I 

Pond i n  0.023 f 0.012 0.013 0.013 
Pond out 1.037 f 0.559 1.014 t 0.033 

~ Inject ion 0.790 k 0.543 1.183 
Fresh water 

Wea k brine 
, -  3.96 5.03 -+ 0.88-  

-- 2.782 f 0.073 -- 

. .. 

. .  

0 
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CBayou Choctaw pond input,  analyzed by Petroleum 
Laboratories,  Inc. (DP-322-2) . 



TABLE 3-18., Log Q/K calculations. 

i 

I 

log Q/K a t  25 C a t  ind ica ted  s i te  

Consti tuent SPR 1 * SPR 2 SPR 3 

Hematite I Fe203 +23.3 +21.6 +21.7 

Magnetite, Fe30Q +17.1 

B r u c i t e ,  Mg(OH)2 -6.0 -6.6 
Halite, N a C l  

Sy lv i te ,  KC1 

Calcite, CaCO 

+14.4 +14.6 

-4.2 (-0 -1) a , _  

+0.2 3 

3 Aragonite, CaCO 

Dolomite I ~ CaMg (0 3 2  

0.0 

-0.1 

-0.3 -0.3 

-- -0.2 
Magnesite, MgC03 -1.9 -- -1.7 
Gypsum, CaSO 4 *2H20 -0.9 (-1.3)a -0.8 -1.8 

aCalculated by Wood's method (Ref. 14) . 

.. 
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0.6 
Q, 
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I/" y = a + b x  
1 2 -  3 - 

= 0.0071 a = 0.0056 a = 0.0062 

10 20.  30 
Concentration - mg oi1/100 ml Freon 

FIG. 3-1. Beer-Bouguer L a w  plots derived u 
crude o i l  injected at  each site. 
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U 
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1 I I 
(a) SPR 1 brine 

I I / .  

0 

Temperature - O C  

1 I 
(b) SPR 2 brine 

I I 

! 

- I t  -I I \Aragonite 

1 I I I I 
20 30 40 50 

Temperature - O C  

(C) SPR 3 brine 

Temperature - O C  

FIG. 3-2. 

carbonate minerals produced by heating and cool ing .  

prec ip i ta t ion  are ignored. 

Saturation s t a t e s  of SPR brines with respect  to h a l i t e  and major 

E f f e c t s  of actual  

88 
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CHAPTER 4 

EVALUATION OF BRINE INJECTABILITY 

L. B. Owen, R. Quong, R, Netherton, R. Neurath, and E. Raber 

Membrane f i l t r a t i o n  tests were performed a t  the  West Hackberry, Bayou 

Choctaw, and Bryan Mound SPR sites to assess the  r e l a t i v e  i n j e c t a b i l i t y  of 

various untreated process streams t h a t  are disposed of v i a  deep (4000 to 
8000-foot) in jec t ion  wells. Additional tests '&re conducted to assess the  

po ten t i a l  improvement i n  br ine i n j e c t a b i l i t y  provided by prototype granular 
media filters. Cartridge filters wi th  a 1 pm pore s i z e  were 
in j ec t ion  pads as analogs of larger scale f i l t r a t i o n  systems 
effect of p r e f i l t r a t i o n  on i n j e c t a b i l i t y  of e f f l u e n t s  after passage from the  

* 

main surge ponds to t h e  in j ec t ion  wells v ia  p ipe l ines  up to 2 miles long. 

The use of membrane filters as an aid i n  determining wate 
requirements for in j ec t ion  ,has been described i n  the literatur 
is flowed through a 0.45 pm pore size membrane f i l ter  a t  cons 
pressure, and the r e l a t i v e  rate of throughput decline is used in a q u a l i t a t i v e  
sense to establish t h e  i n j e c t a b i l i t y  of an e f f luent .  
usually presented i n  the form of semilog plots of flow rate versus cumulative 
throughput. However, t h i s  method of data ana lys i s  can not be used to estimate 

ac tua l  in jec t ion  w e l l  performance. 

F i l t r a t i o n  data are 

Lj 

Barkman and Davidson" developed .a theoretical basis for  relating w e l l  
performance with data developed from the  "standard" 0.45 w pore s i z e  membrane 
f i l t r a t i a n  tests. 
of brine in j ec t ion  a t  geothermal sites i n  the  Imperial  Valley, 

Their method has been previously applied i n  an assessment 

Cal i fornia .  21'22 

technique to study br ine  in j ec t ion  

W e  used a m o d i f i e d  version of t h e  Barkman and Davidson 

the SPR sites. 
R e s u l t s  of our.SPR in j ec t ion  evaluation indicated that brine 

p r e f i l t r a t i o n  wi th  downflaw sand'or mixed media f i l ters  provides a sign' if icant 
improvement i n  brine in j ec t ab i l i t y .  

untreated e f f luen t s  agreed with observed behavior of w e l l s .  
factor i n  the rapid impairment of SPR i n j e c t i o n  wells is shallow invasion of 

the in j ec t ion  i n t e r v a l  by suspended solids less than about 10 rn i n  
diameter. 
ponds to t h e  in j ec t ion  pads as a result of production of corrosion-induced 

par t icu la tes .  A t  two sites (Bayou Choctaw and Bryan Mound), the use of 

Estimated in j ec t ion  well performance for 

An important 

I n j e c t a b i l i t y  of raw e f f l u e n t s  degrades as they flow from t he  surge 

90 



untreated h i  e d i luen t  to prev 
’ .  

c t a b i i i t y .  We concluded that a 
i l t r a t i o n  and corrosion cont ro l  properly designed -u 

system is e s s e n t i a l  for maintaining s a t i s f a c t o r y  performance of SPR i n j e c t i o n  

4 . 1  INJECTION WELL -LIFE ESTIMATES 

els of Barkman and were used to es 

red for the  in j ec t ion  rate to 

btained w i t h  apparatus 
f a l l  to one-half of it t pressure. Half-life 

calculatims are’ based on 

i n j ec t ion  zones 

t h a t  in jec t ion  tests wi th  t h e  

ervoir  pore s t r  d be simulated by bd 
u t i l i z i n g  membrane fiLters wi th  the  riate pore s i z e  d is t r ibu t ion .  

following expression is useful  i n  r e l a t ing  

particle passing through core samples 
ca lcu la ted  mean pore size (Fig. 4-2). We estimated mean pore diameter of 
10.2 urn for t j ec t ion  zones w i t h  Eq. (4-1) uming 30 percent 

rmeabili ty.  Porosi ty  and permeabili ty values were 
I . .  

t i on  well logs (Chapter 2).  then completed I 

s a t  each SPR site u i l ters  with pore s i z e s  

. 9 1  



ranging from 0.4 to 10.0 m. 
used i n  place o 
because we found the former 

(Section 4.3). 

superior e lu t ion  loss c h a r a c t e r i s t i c s  

F i l t r a t i o n  data were reduced i n  the form of l inea r  coordinate plots of . ,  

cumulative volume versus t h e  square root of time (Fig. 4-3). 
f i l t e r  becomes impaired by formation of a f i l t e r  c a k e ,  either on the  surface 
of the membrane or within its pore s t ruc ture ,  t h e  f i l t r a t i o n  curve approaches 

I f  the  membrane 

h t  l i ne .  The slope of l i nea r  port ion of the f i l t r a t i o n  curve is 

proportional to the  water q u a l i t y  ratio, W(ppm)/kc(md) , defined as the ratio 
of suspended so l id s  concentration to the permeabili ty of t h e  f i l t e r  c a k e  

formed on or within the  membrane f i l t e r .  
concentration is known (measured during t 
filter c a k e  permeabili ty can 
be developed for the  i n j e c t i  
w e l l  w i l l  depend i n  part on whether suspended s o l i d s  are f i l t e r e d  o u t  a t  the 
sandface or invade some dis tance before bridging pores and construct ing an 
i n t e rna l  f i l ter  cake. 

f i l t r a t i o n  curve allows an estimate of invasion to be made; a negative 
in t e rcep t  indicates IW invasion while a pos i t ive  in t e rcep t  ind ica tes  invasion. 

Equations for wellbore narrowing and invasion were used to estimate 
half- l ives  of SPR in jec t ion  wells.2o 
f i l t r a t i o n  data, an invasion radius  of 10 feet was assumed. 
for the  ha l f - l i f e  ca lcu la t ions  are as follows: 

Since the suspended solids 

membrane f i l t r a t i o n  test) ,  t he  

actual performance of an in j ec t ion  

The extrapolat ion of the l i nea r  port ion of the 

If invasion was indicated by membrane 
The parameters 

Vertical in j ec t ion  i n t e r v a l  (h) = 300 f t  
I n i t i a l  in jec t ion  rate (Io) = 30,000 bbl/d 
Density f i l t e r  c a k e  (p,) = 1.50 g/cc 
Area of membrane fi l ter  (A) = 9.62 a n 2  
Formation permeabili ty (KF) = 800 md 

Formation porosi ty  (g) = 30 percent 
B r i n e  v i scos i ty  (11): 

I) 

S a l i n i t y  , Density, P,, Viscosity,  cp, a t  Density ratio, 
wt8 * g/cc 50 F 100 F 

2.4 1.33 1.26 Strong, 26 1.193 

Weak, 22 1.163 2.15 1.15 1.29 

t' 

Li 
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As shown i n  Fig. 4-4, brine viscosity is a tion of temperatur 

, in i ty .  ,We utilized the viscosity values shown above totestimate half-lives 
cd or the injection of saturated or nearly saturated cavern brines (strong) and 

undersaturated leach brines (weak). The temperature range 50 to  100 F 

n j  ection wellhead 

1 .  

' where S is the slope (&/ai of the linear porkion of 'the membrane fi l tration 
curve and Apt is the differential pressure ( a b )  across the membrane filter.21 

The slope S was calculated by linear regression of membrane fi l tration data. 
More convenient forms of Eq. (4-2) are as follows: 

\ a- , ,  i 

(4-3) 

and 

Equations (4-3) and- (4-4) are based 'on: two asSumptions: 
1. filter.cake/brine density ratio is 1.275; ' * iT 

2. strong brine visaosity a t  50 F s i s  2.4 
is-1.15 cp. 
'These assumptions permit W/ 

ine viscosity af'100 F 
. I ,  

either Strong or 
In general, half-life weak brine) over the temperature inter 

based on Eq. (4-3). 

U 
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F and G are defined as follows: - 1/2 

L& 
= 571.5 yrah 

Io x w 
J 

where h is the v e r t  

(bbl/d), and w is t 

is the  in j ec t ion  

ed solids (ppm by weight) i n  the 

in jec ted  e f f luent .  
G is defined by separate equations f 11 impairment 

1/2 
resu l t ing  from wellbore narrowing or invasion: ' 

Wellbore Narrowing 

G = 19.86 (K /k ) 
1/2 ' c f  (4-7) 

Inva si on 
-. 

G = (19.86) (jY)L(kc/kf) (r/0.67)L 1/2 (4-8) 
b 

For an invasion radius, r = 10 feet and B = 30 percent, Eq. (4-8) reduces 

to t h e  form 

G = (398.17) (kJkf) (4-9 1 1/2 

Barkman and Davidson emphasize that half-life estimates have an accuracy 
no better than a factor of two because of the uncertainty i n  f ix ing  the 

in jec t ion  parameters and i n  determining t h e  t r u e  time-average of the water 
q u a l i t y  ratio from spot measurements. 
resolves  in jec t ion  w l l  impairment r e su l t i ng  from deposit ion of suspended 
solids or scale formation. 
rea l ized  as a result of p r e f i l t e r i n g  brine, for instance,  prior to in j ec t ion  
cannot be accurately estimated s ince  def ic ienc ies  i n  in j ec t ion  reservoi r  

Furthermore, a membrane test only 

The ac tua l  improvement i n  in j ec t ion  t h a t  might be 

properties, w e l l  Completion practices or poor operat ing procedures may be i n  
part responsible for SPR i n j ec t ion  d i f f i c u l t i e s .  

mechanisms cannot be resolved by membrane f i l t r a t i o n  tests except i n d i r e c t l y  

when test r e s u l t s  ind ica te  no po ten t i a l  for particulate-induced damage. 
detailed reservoir  assessment and ca re fu l  cont ro l  of d r i l l i n g  and operat ional  
practices are e s s e n t i a l  elements of a properly functioning in j ec t ion  system. 

These types of impairment 

A 
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An assesanent of the injection reservoir a t  the Bayou Choctaw SPR s i t e  is 
provided i n  Chapter 2. 6;) 
4.2 M E M B M  FIL3RATION APPARATUS 

Two essentially identical membrane filtration systems were used to test 
brine injection. One system (Fig. 4-5) was located i n  the LLL experimental 
trailer. 
low-pressure injection.pumps, and other available process streams (e.g., 
leached brine and d i l u t i o n  water) were flawed into the trailer a t  atmospheric 
pressure. 
or brine from any one of four prototype sand fi l ters.  ,Membrane tests were 

performed a t  pressure differentials of up to 50 psig. A gear pump and 
variable speed motor drive were used to repressurize the brine to the desired 

Surge pond effluent, obtained from the pressure side of the SPR 

A manifold system allowed for rapid testing of either the raw brine 

test  pressure. 
The system shown i n  Fig. 4-6 was located i n  the LLL step van for use a t  

An auxiliary pump was not needed i n  the van because the SPR injection pads. 
the injection line operated a t  a pressure of abou t1000  psig. 
pore size, cartridge f i l t e rs  were used i n  conjunction with the step van system 
to establish the improvement i n  injection that might be obtained by 

prefiltration. Test results indicated that the cartridge f i l t e rs  performed as 
reasonably good analogs of the much larger downflow sand f i l t e rs  located i n  
the main experimental trailer, 

Cuno, 1 pm 

u 

The test apparatus shown i n  Fig. 4-7 was used to generate injection data 
or leach brine effluents after processing by comer i a l  pilot-scale 

fi l tration system erated by L'Eau Claire Systems, Kenner, LA, C-E 

Natco, Tulsa, OK, and Baker Filtration Co., Huntington Beach, CA. 
vendors were participants i n  a Concurrent DOE-funded study at,Bayou Choctaw. 
Their objective was to establish the performance eff iency and suitability of 
available commercial filtration systems for treatment of SPR brines.. . 

The f i l t e r  

ection test  boards were u i l t  and installed by LtL. 
a unis t ru t  support and lumbed directly into the exhaust stream 

Each board 

of each commercial f i l t e r  system. After installation and in i t ia l  Check-Out, 

vendor personnel were instructed on proper ng procedures, The vendors 
subsequently produced prodigious amounts o u l  data. LLL personnel also 
performed several independent tests for each vendor . 
r 95 
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The injection test systems were constructed from Type 304 stainless steel 
tubing. A l l  valves, f i t t ings,  and pumps were constructed from Type 316 
stainless steel. 
(pore size 0.4 to 10.0 pm) and Millipore type MF membrane f i l t e rs  were used 
exclusively. 
solvents except for halogenated hydrocarbons and strong bases and have 
superior elution loss properties. 
high-pressure stainless 47-mm in-line holders. A l l  membrane f i l t e rs  were 
mounted on Nuclepore high-permeability fiber f i l t e r  support pads. It was also 
necessary to displace trapped air i n  the f i l t e r  holders prior to runs to avoid 
reduced filtration rates resulting from closure of f i l t e r  pores by air  bubbles. 

b Nuclepore 47-m standard polycarbonate membrane f i l t e rs  

Nuclepore f i l t e rs  resist attack by most acids and organic 

Membrane f i l t e rs  were mounted i n  Millipore 

4.3 EXPERIMENTAL PROCEDURE 

Filter tests u t i l i z i n g  0.4 and 0.45 pm membrane f i l t e rs  were run for -30 

minutes a t  a pressure differential of 50 psig. 
10.0 prn membrane f i l t e rs  E r e  run for periods of 30 to 60 minutes  a t  
differential pressures of 6 to  40 psig. 

f low rate and total volumetric throughput involved the use of 2-litre graduate 
cylinders and automated fluw monitoring systems (Flow Technology). The 
autanated systems utilized turbine flaw meters and electronic signal 
processing techniques to provide continuous output via Hewlett Packard thermal 
printers of flaw rate, total throughput and elapsed time. 
runs indicated that the f l a w  technology systems were capable of yielding 
accurate flow data when used with high-salinity brines. 
systems obtained by LLL have a usefu l  operating range of 0.001 t o  0.4 gal/min. 

Suspended solids concentrations were measured i n  accordance with standard 

Tests w i t h  1, 51 8, and 

The principal modes of monitoring 

Field calibration 

The particular 

published procedures. 
obtained after each f i l t e r  run by another DOE contractor. 

I n  the f i l t e r  vendor tests, suspended solids data were 
22 

Numerous field and laboratory experiments were performed to establish the 
solubility (weight loss) of various membrane f i l t e rs  i n  hypersaline brine. 
Data on solubility or elution loss w a s  obtained for Millipore and Nuclepore 
membrane fi l ters.  These data were collected by mounting two identical 
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f i l t e r s ,  separated by fiber support-pads, i n  a filter holder and then exposing 
both f i l t e rs  simultaneously to brine. 
indicat ion of the f i l t e r  e lu t ion  loss and is used to correct suspended sol ids  

data. 

the Bryan Mound SPR site, are smmar ized ' in  Table 4-1. 

Nuclepore polycarbonate membrane f i l t e r s  have low s o l u b i l i t y  i n  hypersaline 

Weight loss of t h e  lower f i l t e r  is an 

O u r  laboratory data, based on experiments with u l t r a f i l t e r e d  br ine  from 

These data show t h a t  

brine (at -30 C) . 
(type MF), however, have a s ign i f i can t  s o l u b i l i t y  i n  low-temperature brine. 
Field data obtained a t  the Bayou Choctaw SPR site on leach br ine by Analysis 
Laboratories indicated an e lu t ion  loss of 0.8 percent f o r  0.45 p n  pore s i z e  

Millipore membrane f i l t e r s ,  
a l l  suspended so l id s  data obtained wi th  Millipore type MF membrane f i l t e r s ;  w e  
used the laboratory e lu t ion  loss data  to correct a l l  runs-wi th  Nuclepore 
f i l t e r s .  

Mixed c e l l u l o s e  ace ta te -n i t ra te  Millipore membrane filters 

We used the  0.45 um e lu t ion  loss data to correct 

4.4 RESULTS 

. <  4.4.1 West Hackberry SPR Site \ 

Process stream suspended solids data and in j ec t ion  well ha l f - l i f e  
t est imates  are s m a r i z e d  i n  Table 4-2. 

f i l t r a t i o n  tests with 0.4, 1.0, and 10.0 pm membrane f i l t e r s .  A l l  

experimental data for the  f i l t e r  test results l i s t e d  I n  Table 4-2 are 
summarized i n  Appendix IX. 
br ine  e f f l u e n t  range from less than 1 to more than 8 ppm. 
surge pond during the t e s t  period (January 3-158 1979) were var iab le  as a 

result of weather conditions and operational upsets t h a t  included a minor o i l  
spil l .  

can reduce suspended s o l i d s  concentrations by more than one order of magnitude 
and thereby s i g n i f i c a n t l y  improve br ine i n j e c t a b i l i t y .  
would also tend to moderate t h e ' e f f e c t s  of per iodic  operat ional  upsets i n  t h e  
brine in j ec t ion  system. 

in jec t ion  wells accepting raw brine va r i e s  from 80 days, f o r  brine tested a t  
t h e  surge pond, to 53 days for brioe tested a t  the  in j ec t ion  pad. 

results are i n  goodemagreement with the observed performance of v i rg in  

The data presented are based on 

Suspended solids concentrations i n  West Hackberry 

Conditions i n  the  

Our i n j e c t a b i l i t y  ,tests indica te  t h a t  mixed media f i l t r a t i o n  systems 

F i l t r a t i o n  systems 

/ 

The 10 urn f i l ter  data indica te  t h a t  the nominal i n i t i a l  ha l f - l i f e  of 

These 
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i n j ec t ion  wells a t  the  site. 
l o g i c a l  to assume t h a t  the impairment rate would increase s ince  it is 
improbable t h a t  a l l  w e l l  damage can be eliminated by a workover. 
a s ign i f i can t  reduction may occur i n  the mean pore diameter i n  the in jec t ion  

in t e rva l  immediately adjacent to the  wellbore. 

data appear to be useful  i n  evaluating the e f f e c t s  of near wellbore damage. 

The 0.4 pm data f o r  raw e f f luen t s  ind ica te  half- l ives  ranging from 4 days f o r  
brine tested a t  the surge pond to 12 days fo r  br ine tested a t  the in jec t ion  

pad adjacent to w e l l  E-2. 
in jec t ion  w e l l  E-2 was acidized as part of a continuing workover program by 

site management. When the  w e l l  was brought back i n t o  service,  its observed 
ha l f - l i f e  was about  1.5 days. 

As w e l l s  become impaired and worked-over, it is 

I.' As a re su l t ,  

The 0.4 pm pore s i z e  membrane 

During the  f i e l d  test period a t  West Hackberry, 

Preinject ion f i l t r a t i o n  of br ine has a dramatic e f f e c t  on estimated * 

As shown i n  Table 4-2 f o r  t he  10 pm f i l t e r  data, in j ec t ion  w e l l  half-l ives.  
half- l ives  can be extended to Over SO years. 
based on 0.4 u m  membrane f i l t r a t i o n  tests indica te  t h a t  i n j e c t a b i l i t y  is not 
s ign i f i can t ly  improved by p r e f i l t r a t i o n .  
b r ine  flow through 0.4 and 10 membrane f i l t e r s  is shown i n  Figs. 4-8 

through 4-11. I n  general, we observed a s l i g h t  decl ine i n  raw br ine  
i n j e c t a b i l i t y  (based on 10 pm f i l t r a t i o n  data) between the  surge pond outlet 
and the  in jec t ion  pad. 

t h e  in j ec t ion  l i n e  and wellbore and po ten t i a l  production of new suspended 
solids i n  the form of corrosion products. 
probably related to the  sporadic nature  of t h e  in j ec t ion  system operat ion,  

which may result i n  s ign i f i can t  deposit ion of solids i n  the in j ec t ion  l i n e  
during shut-downs or l o w  flow periods. 

full-flow condition, extraneous material is swept i n t o  the wells. 
membrane f i l t r a t i o n  test happens to coincide with a major increase  i n  

in j ec t ion  rates, observed brine q u a l i t y  w i l l  decl ine s ign i f i can t ly .  

I n  cont ras t ,  ha l f - l i f e  estimates 

The e f f e c t s  of p r e f i l t r a t i o n  on 

This possibly reflects to a small degree corrosion of 

A more s ign i f i can t  e f f e c t  is 

When t h e  in j ec t ion  l i n e  operates under 
If a 

4.4.2 Bayou Choctaw SPR Site  

This sect ion summarizes in j ec t ion  test data fo r  the raw and pretreated 

e f f l u e n t  sources described i n  Table 4-3. 

estimates for f l u i d  sources A through F (Table 4-3) are shown i n  Table 4-4.- 

R e s u l t s  of t he  f i l t e r  vendor in j ec t ion  tests are shown i n  Table 4-5. 

Suspended solids data and ha l f - l i f e  
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lake water could not be i n j e c  
on 10 um membrane f i l t r a t i o n  

calculated ha l f - l i fe  w a s  29 days based 

We next evaluated the i n  strong br ine icjr 

10 percent clarified l a k e  water. 
evaluated: 

Two sources of c l a r i f i e d  l a k e  water were 

d after d i lu t ion  

It should be fter the in jec t ion  

system shut  down. 
brine rose from a n o m i n a l  value of 1 to 1.5 NTU to 5 to 6 NTU. The increased 
tu rb id i ty  resulted from s a l t  p rec ip i t a t ion  as ponded br ine cooled. 

continuous operation of the  s t rong br ine in j ec t ion  s y s t  

As a r e s u l t  of t he  shut-down, t u r b i d i t y  of ponded strong 

During 
, ”  

i l uen t  should produce a s l i g h t  improvement i n  br ine  

inject ion.  The tu rb id i ty  of the mixture Id  probably be lower than U. 
However, t h i s  improvement i n  in j ec t ion  would p r  
the useful  operating l i f e  of in j ec t ion  wells, espec ia l ly  i f  the in j ec t ion  
system is per iodica l ly  shut  down. 

bly not s ign i f i can t ly  extend 

.We found that f i l t r a t i o n  of raw mixtures of s t rong br ine and lake water 
yielded e f f luen t  of high i n j e c t a b i l i t y .  
fo r ‘10  Vm membrane f i l t r a t i o n  data ranged from 1 4  to 30 years. 
mixtures through granular media columns without chemical addi t ions d id  not 
produce high-quality e f f luents .  
production of in j ec t ab le  e f f luen t s  by granular media filters. 
s i z e  cartridge f i l ter ,  however, produced high-quality e f f l u e n t  without 
chemical feed. 

Calculated in j ec t ion  w e l l  half- l ives  
S t ra in ing  the 

The use of polymer was mandatory fo r  the 
A 1 pm pore 

L’ 

4.4.2.5 Weak B r i n e  (F) . As shown i n  Table 4-3, raw we brine cannot be 

in jec ted  because of hig  uspended solids cogcentrations (21.4 
cent ra t ion  of s u s  

i l ters (23.7 pprn) was about t he  s as retained by 
suggesting that the particle s i z e  d i s t r ibu t ion  of p a r t i c u l a t e s  peaked near 

8 micron nterest ingly,  10 u m  pore ’ mbrane f i l ters  plugged more 
read i ly  f i l t e r s  of smaller pore s 
hal f - l i fe ,  based on 8.0 p i  membrane f i l t r a t i o n  data, was about  7 days. 

hc, 
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Filtration of weak brine wi th  1 im pore size cartridge f i l t e rs  and'50,OOO 
molecular ' weight ultrafilters without chemical feed or granulak media f i l t e rs  
w i t h  chemical feed resulted i n  production of injectablescffluent. 
Prefiltration wi th  a 5 v m  pore size cartridge f i l t e r  did not produce effluent 
that a u l d  be injected. 'The 1 p m  pore size cartridge f i l t e r  is, 
unfortunately, not practical because solids i n  the effluent plugged that 
filter i n  about 8 hours a t  a nominal f law rate of 1 gal/min/ft . 
ultrafilter produced an acceptable effluent wi thout  chemical feed even when 
i n p u t  turbidi ty  exceeded 30 NTU. 
observed periodically when the Filter Vendors backwashed their f i l t e rs  into 
the weak brine storage t a n k .  

5 to 24 years depending on the type of prefilter 

2 The 

High turbidity i n  the weak brine was 

v 

Calculated injection well half-lives varied from 
Granular media f i l t e rs  

produced the highest quality effluent. 
producing the best quality effluent. 
ultrafi l ter  performance was degraded because its rnembrahe was partially 
perf orated by severe 'pressure fluctuations .that occurred occasional1 
brine'lines feeding the LLL trailer. 
molecular-weight ultrafilter is shown i n  Fig. 4-13. 

cartridge and column prefilter6 (column A + polymer) are shown i n  Fig. 4-14. 

Weak Brine Effluent Produced by Filter Vendors (G). Injectability 

The ultrafilter is probably capable of 
I n  these tests, it is possible that the 

A filtration curve for'the 50 K 
Filtration data for l'pra 

test results are summarized i n  Table 4-4. 

brine effluent are shown in Figs."4-15,<4-16,.and 4-17 
well half-lives for effluents produced by Baker's downf 

Natco's upflaw-dowqflaw f i l te r  are essentially -identicxi 
upflaw filter performance result6d i n  the groduction-of the lowest quality 
effluent. It is possible, haweverrdthat L'Eau Claire's performance could have 
been substantially improved i f  more time were av 
determination of the optimum chemical feed for t 

Typical filtration curves for weak 
Calculated injection 

fiktet and Co'E. 

L'Eau Claire's 

e to the operators for 
flaw f i l ter .  

Weak brine injec 
State-of-the-art ccnmn 

high-quality weak bri 

4..4.2.7 Bayou Choctaw Test Results Summary. Injection of untreated strong 
brine is not feasible primarily because of -precipitated NaC1. 

n be substantially improved by prefiltration. 

filtration units are capable of producing 



D i l u t i o n  of strong brine by Cavern Lake water does not produce an 
in j ec t ab le  e f f luen t  pr imari ly  because of high suspended solids i n  t h e  lake 
water. 
produce a high-quality in j ec t ab le  eef luent .  
such a mixture would be about equivalent to West Hackberry raw strong brine, 
which, on the bas is  of membrane f i l t r a t i o n  tests, cannot be in jec ted  
d i rec t ly .  
i n j e c t a b i l i t y  can readi ly  be produced by granular media filters wi th  chemical 
feed and ultrafilters or cartridge filters w i t h o u t  chemical feed. 

the high plugging rate of car t r idge  f i l ters  rules them o u t  for large-scale 
u t i l i z a t i o n  at  Bayou Choctaw. 

Dilution of strong brine by clarified Cavern Lake water does not U 
A t  the best, t h e  i n j e c t a b i l i t y  of 

A prefiltered mixture of strong brine and Cavern Lake water of high 

However, 

Raw weak brine by v i r tue  of its high concentration of suspended solids 
(-22 ppn) is not d i r e c t l y  injectable .  Baker Downflow or C. E. Natco 

Upflow-Dawnflaw f i l t r a t i o n  systems when used i n  conjunction with chemical feed 
can readi ly  convert weak br ine to a high-quality in j ec t ab le  e f f luent .  W e  

found that mall 4-inch diameter granular media columns y i e ld  data on 
f i l terabi l i ty  and chemical feed requirements that compare favorably w i t h  

similar data obtained i n  conjunction wi th  much larger prototype commercial 
f i l t r a t i o n  systems. The use of the  mall systems for evaluating pre in jec t ion  

processing requirements is cost e f fec t ive  and e f f i c i e n t .  L j  

Cavern Lake water can be e a s i l y  clarified by either chemical f loccula t ion  
and s e t t l i n g  or direct f i l t r a t i o n  w i t h  chemical feed. 
f i l ter  did an exce l len t  job i n  c l a r i fy ing  lake water. 
integrated f i l t r a t i o n  system that incorporates provisions for oxygen 
scavenging is probably the  most cost e f fec t ive  method for pre in jec t ion  
conditioning of a l l  in jec ted  e f f luents .  It is not, therefore, e s s e n t i a l  that 
fresh water be clarified pr io r  to leaching of new caverns. 

L'Eau Claire's Upflow 
However, a s ing le  

4.4.3 Bryan Mound SPR S i t e  

Suspended solids data and in j ec t ion  well  half-life estimates are 
summarized i n  Table 4-6. 

found that raw brine cannot be d i r e c t l y  in jec ted  because of a high suspended 

solids content. 
addi t ion of highly turbid Brazos River water to the surge pond. 

the  cavern brines is necessary to prevent p rec ip i t a t ion  of NaC1. 

Experimental data are listed i n  Appendix X I I .  We 

The poor q u a l i t y  of ponded e f f luen t  results i n  p a r t  from the  
Dilut ion of 
Data for t h e  

coi 
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surg ef ne t 
indicated tha imat ection 

well half-life was less than 120 days. When 10 membrane tests were 

t membrane f i l t e r s  were-invaded by fine-particulates and . 

-was significantly degraded, - < .  relative to the surge 
injection pad. The es t i  

- -  - rine _ .  _. a t  ~- Well -- . 
pretreatment of brine using granular media fi l tration wi th  appropriate 

chemical aids, ultrafilters, or 1 
dramatic improvement i n  brine in jec tab i l i ty .  --Half-life estimates, based on 
10 pm membrane f i l t e r  tests, range from 26 to 53 years. 
f i l tration curves for raw and prefiltered effluent from the surge pond and 
injection pad are shown i n  Figs. 4-18 and 4-19, respectively. 

- 

pore size Cartridge f i l t e rs  resulted in a 

Typical membrane 
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Cumulative 

10.0 pa Nuclepore ~ 

8.0 pm Millipore 
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TABU3 4-2. West Hackberry inject ivi ty  wel l  h a l f - l i f e  estimatesoarb 

KC , G1/2' T1/2' __ " _ _  " I ..- AP, . "  Volume, " .- - SS, . Intercept, Slope, W/Kc, 

Br ine  sour Run Filter psig Q W Q  & m Q f i  ppm/md m d  F Y r  Y r  

Surge pond 1OP 0.4 50 5 03 1.85' -2444 

16P 0.4 50. 6.0' 1.12 -1390 
19P 0.4 50 3:9 1559 -39 
'20P 0.4 50 3.8 0.95 -403 
24P 0.4 50 155 

In jec t ion  pad 1 0.4 50 4.8 1.68 -1705 
c, . 2  0.4 50 2.2 0.23 -1639 0 
VI 

22P 0.4 50'- 2.6 8.04 0.9 - 
3.32 

/ 

Pref iltered 
g= pond l i p  0.4 50. 6.9 I 0.13 -1547 

21P 0.4 50 9.0 0.02 3334 

25P 0 .4 ,  50 5.8 417 
26P 0':4 50 3.6 -223 

27P 0 . 4 ~  5 0 '  4.6 1.72 -25 
31P 0.4 50 2.8 1.95 -426 

, I I  

- ." - 
avg 1.11 

1385 10.463 0.177 

1347 11.061 0.101 
706 40.266 0.042 

758 34.931 0.027 
406 121.757 0.071 

, I - /  

1242 
693 
155 

, *  

1521 
1025 

96 1 

685 

13 . 011 

41.791 
835 -380 

1 -  

Si675 
19 . 103 

21.732 
42.773 

1 . 129 
0.006 
0 . 010 

8 ~ '> 

o . Oi5 

0 . 001 

0 . 013 
0.060 

878 26.035 0.066 
571 61.557 0.032 

3.09 0.0044 

0 0.0025 
3.38 ' 0 . 0010 

6.02 0.0007 
0.66 0.0353 

< ,  

3.40 0.0280 
24.85. 0.0001 
0.71 0.0050* 

L. 

i 

43.96 0.0004' 
285.75 0.0005 

1 4  ii 0:: ob65 . .  - 
2.23 0.0015 

3.32 0..0016 
2.93 0.0008 .- 

d.004 
0 . 004 
0.023 
0 . 812 
- 

* \  

0.0 

0,004 
0.004 
0.034 

0.016 
0.142 
0.128' 
0 . 003 
0 . 005 
0 . 002 
0.049 

- 

- 
T based on brine v iscos i t  corresponding to i n j e c t i o n  temperature of 50 F. A t  100 F, TlI2  is^ a 

. - .  
1/2 

1/2 

about 50% lower. . . -  

bT = F x GlI2. 
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TABLE 4-2. Continued. 

~- ~ 

T Kc' G1/2' 1/2' 
AP. Volume, SS, Intercept, lope, w/K=, 

It mg/R mR m9,fln ppm/md . md . F  Y r  Yr Brine source Run F i l t e r  psig 

Pref iltered 
i n j e c t i o n  pad 3 0.4 50 10.3 0.09 -1170 2083 4.626 0.020 63.50 0.0005 0.032 

7 0.4 50 5.0 - 1.22 -218 921 23.661 0.052 4.68 0.0013 0.006 
avg 0.66 14.144 0.036 34.09 0:0009 0,019 

Surge pond 12P 1.0 40 

13P 10 7 
14P 10 5 

23P 10 6 

5.0 

4.0 
0.012 

0 . 047 
0.553 
0.060 

0.220 
- 

2.12 -1479 

0.55 2783 
0.18 2100 
0.48 3203 
0.40 
7 

1178 11.570 0.183 2.70 0.0045 
217 59.670 0.009 10.39 0.0045 
623 5.171 0.035 31.75 0 

220 49.760 0.010 11.91 0.0050 

3.4 
4.4 

avg 

Pref iltexed 
surge pond 15P 10 7 

30P 10 7 
93.6 
44.0 

avg 

6106 0.0774 0.258 285.75 0.1284 
7918 0.0448 .0.0450 2857.5 0.0224 

412 14.188 0.047 8.66 0.0234 
279 30.940 0.018 10.21 0.0090 

36.7 

64.0 
50.4 
- 

0.203 
0.092 
0.148 
- 

6.73 

0.02 46495 

0.002 998 
0.01 

4 10 6 

6 10 6 

0.66 3427 

0.56 248 
0.61 
- 

In j ec t ion  pad 4.4 

1.8 

avg 
P r e f i l t e r e d  

i n j e c t i o n  pad 2385 0.423 0,142 95.25 0.0707 5 10 ' 6  32.0 0.06 18336 

. 



TABLE 4-3. Bayou Choctaw e f f l u e n t  sources. 
I 

2 

Symbol for 
e f f l u e n t  
source Description of ef ; 

A brine (p > 1.185) a t  cavern wellheads. 

B 

C 

D 

, 
br ine  (p > 1.185) a t  pond outflow. 
-1 I 

Strong b r ine  (p > 1.185) a t  i n j ec t ion  pad C. 

Cavern Lake I water . G 

E Synthesizedimixtures of 90%‘ s t rong  br ine  
(p > ‘1.185) from pond outflow sand 10% Cavern Lake water 
from highfpressure (-700 ps ig)  s i te  d i s t r i b u t i o n  system. 

F Weak brine. I 

G Weak brine Bffluent produced by f i l t e r  vendors. 



TABLE 4-4. LLL Bayou Choctaw i n j e c t i v i t y  test  

Suspended 

Gl/2 * Tl /2  F i l t e r ,  AP, so l id s ,  Volume, In te rcept ,  Slope, W/Kc, Kc, 

a t/&&i ppm/md md F Yr yr 
Ccmnents 2 Run pm ps ig  Source msfl k? 

1C 0.41 50 P r e f i l t e r e d  strong b r ine  - 0.600 F i l t e r  plugged 

3c 
4c 
6C 
8C 

- 
2c 

53c 

SIC 

59c 

~ ~ ~- ~ 

0.4H 50 Raw inject ion pad 
1.01 50 Raw in j ec t ion  pad 
5-01  50 Raw in j ec t ion  pad 

10.OH 15 Raw i n j e c t i o n  pad 

11.11 
6.67 
0.91 
0.53 

0.41 50 Raw Cavern Lake water 112.8 
0.451 50 90% raw strong br ine  + 10 .44 

10. 0 1  8 90% raw strong br ine  + 0.25 

0.451 50 90% raw strong br ine  + 5.76 

10% raw Cavern Lake water 

10% raw Cavern L a k e  water 

10% L'Eau C la i r e  lake water 
f i l t r a t e  

10% L'Eau C l a i r e  lake  water 
10.OM 10 90% raw strong br ine  + 0.24 

~~~ ~~ 

0.180 F i l t e r  plugged 
0.180 F i l t e r  plugged 
0.660 F i l t e r  plugged 
1.880 In j ec t ion  system 

- 

0.047 F i l t e r  plugged 
0.475 F i l t e r  plugged 

3.211 - 0.9979 ' 1.614 0.292 ' 37.66 0.007 22.86 0.003 0.08 

1.100 F i l t e r  plugged I 

; '  
2.970 F i l t e r  plugged 1 56 C 

f i l t r a t e  
0.36 2.255 F i l t e r  plugged ' F  ,o 60C 10.01 10 908 raw strong br ine  + 

00 10% L'Eau C l a i r e  l ake  water 
f i l t r a t e  

f loccula ted  and settled 
lake water 

61C 10.01 10 90% raw strong br ine  + 10% 0.35 2.200 F i l t e r  plugged 

- 
avg 0.32 

,< .. 
- .  ., . .". __. , _  _ . _  

* ,  
aE2 i nd ica t e s  fit of the  l i nea r  regression to membrane f i l t r a t i o n  data.  

bT 

A per fec t  € i t  is rz '= 1.0. 

= F x G  1/2; TlI2 is based on a br ine  v i scos i ty  of 2.4 cp corresponding to an in jec t ion  temperature of 50 C. 1/2 

' .  
1 _s 

c 
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TABLE 4-4. Continued. 

Suspended 

W D C .  K c I  G1/2* T1/2' Filter , AP, so l id s ,  Volume, In te rcept ,  Slope, 

ms/E 9, Caments  9. 9./m ppm/md ad F yr. yr 
2 Run urn ps ig  - Source 

64C 1O.OM 10 Mixture of 90% rm s t rong  0.01 81.000 0.9992 -78.107 29.127 0.005 2.11 571.50 0.052 30.0 . 
brim + 10% r m  l ake  water 
p r e f i l t e r e d  through 1.0 m 
U N O  ca r t r idge  f i l t e r  

17C 10.OM 6 Granular media p r e f i l t e r e d  -0.013 31.000 - 0.9921 11.975 3.469 0.200 0.065 439.62 0.032 14.2 
mixture of 909 rm st rong  
b r ine  + 10% raw lake water 

32C 0.46 50 R a r  weak brine 18.60 0.500 F i l t e r  plugged 

41C 0.45M 50 R m  weak brine 23.62 0.800 F i l t e r  plugged 
26- 0.45M 50 Raw weak brine 20.92 1.000 F i l t e r  plugged 0.9995 8 .  0.125 0.166 586.08 0.036 0.273 0.0179 0.0049 

43C 0.45M 50 Raw weak brine 22.52 1.000 F i l t e r  plugged 

12 Raw weak br ine  
U Rmweak b r ine  

6 Raw weak brine 
Raw weak br ine  F i l t e r  plugged 

U l  t r a f  il ter 1.214 10.958 0.110 4.763 0.055. 0.260 
membrane p a r t i a l l y  
per fora ted  by 

. severe inlet pres- 
sure f luc tua t ions  

0.54 56.000 

weak brine 

..' 



TABLE 4-4. Continued. 

Suspended 

Run Inn Psig source a Canaents mg/a 
Intercept, Slope, W/Kc, Kc, G1/2' Tl/2' 

s o l i d s ,  Volume, 

F yr yr !&/a ppnJmd md a 2 
F i l t e r ,  Apt 

~~~~~~ - 26C-5 0.45M 50 5 urn CUM3 cartridge 0.384 F i l t e r  plugged 

29C-1 8.OM 14 5 urn CUNO cartridge 2.28 3.200 F i l t e r  plugged 
pref i l tered weak brine 

pref i l tered weak brine 

26C-L 0.494 50 1 urn CUNO cartridge 0.62 4.800 For nominal 2 a/min 0.9993 1.231 0.643 39.062 0.016 9.218 0.008 0.073 
pref i l tered weak brine (-1 gal/min/ft) 

flow rate,  AP across 
cartridge f i l t e r  
went from 20 psi to 
100 p s i  i n  8 hours 

r 

0.14 46.288 0,9999 -24.409 13.864 0.029 4.79 40.821 0.119 4.9 

38C 0.45M 50 0.33 3.350 - 0.995 1.605 0.319 197.23 0.002 19.050 0.001 0.016 
S8C 0.45M 50 Granular media p r e f i l t e r e d  0.50 2.695 - 0.999 0.298 0.323 192.37 0.003 11.430 0.001 0.015 

0.51 4.200 - 0.998 1.091 0.570 61.77 0.008 11.206 0.004 0.016 
P 29C 8.ON 140 0.29 12.945 - 0.999 2.942 1.800 1.734 0.167 19.707 0.083 1.64 

0.33 12.964 - 0.999 5.270 1.407 3.244 0.102 17.318 0.051 0.89 
37C 10N 8 0.007 74.358 - 0.996 -52.735 23.171 0.006 1.170 816.429 0.029 23.7 
48C 10N 8 0.001 60.960 - 1.000 42.943 10.066 0.008 1. 571.500 0.031 17.6 
36C 10N 8 .  o.008 63.600 - 1. -30.971 17.288 0.011 0. 

weak brine 
- 49C 0.45M 50 

avg 0.45 0.026 w 

- 31C 8.ON 16 
avg 0.31 1.27 

avg 0.008 

c. c c 
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TABLE 4-5. Bayou Choctaw vendor f i l ter  e f f l u e n t  i n j e c t i v i t y  test 

Fi l t ra te  Suspended 

volume, so l ids ,  Intercept, Slope, W/KC, Kc, G1/2' =1/2* Run/f i l ter  , AP, 
Vendor crm p s i  Source 11 m4/a 

C. E.'Natco 

@md md 

7:i)94 0:032 I 

rig38 0.103 ' 

2.393 0.071 
1.527 0.105 
2.386 0.067 
2.018 0.074- 
5.114 0.031 
3.878 0.036 

F Yr 

24.848' 0.016' 
28.575 0.003 . 
33.618 0.002 
35.719 0.003 ~ 

35,719 0,002 ~ 

38.100 0.002 , 

35;7r9 0.001 
40.821 0.018 

Yr 

0.398 
0.073 
0.059 
0.093 
0.059 
0.070 
0.028 
0.134 

Weak b r l s  18;OOO 3 0.2b 
Weak brine 15.230 
Weak brine 15.200 

69/0.45 50 W e s k  brine 12.825 0.14 

11 . - I _  p/m 
3.053 ' 1:682 
-0.251- 3.218 
-0.529 2.896 
-4.897 3.625 
-2.782, 2.900 
2.787 3.154 
-0.322 1.981 
0.396 2.275 

019875 
0:9975 
0.9979 
0.9932 
0.9998. 
0.9992 
0.9914 
0.9979 

-80.852 n i t 2  0.0021 4 . k  571.5 0.1 
10 Weak brine 49.477 0.9995 -41.415 16.563 0.0146 0.683 571.5 0.017 
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TABLE 4-5. Continued. 

Fi l t ra te  Suspended 

volume, s o l i d s ,  Intercept, Slope, w/K=, Kc , 5 / 2 '  =1/2'. 
Run/filter, AP, 

Vendor w psi Source a mg/k r a a/hiZii ppm/md md F yr yr 
2 

Baker 

w w 
h) 

L'Eau Claire 

27/0.45 
32/0.45 
71/0.45 
37/0.45 
44/0.45 
53/0.45 
58/0.45 
67/0.45 

404/8 
408/8 

BD-10/10 
4/10 

79/0.45 
81/0.45 

105/0.45 

8A/10 

N6/1O. 0 
8/10 0 

N1/0.45 
N10/10 

50 Weak brine 
50 Weak brine 
50 Weak brine 
50 Weak brine 
50 Weak brine 
50 Weak brine 
50 Weak brine 
50 Weak brine 

20 Weak brine 
20 Weak brine 

8.820 0.17 
6.200 0.25 
5.284 0.14 
9.400 0.18 

10.225 0.16 
6.700 0.15 
6.350 0.17 

avg 0.17 

43.880 0.17 
73.000 - 0.03 

avg 0.10 

7.975 - 0.16 

6 Weak brine 
10 Weak brine 

50 Weak brine 
50 Weak brine 
50 Weak brine 

10 Weak brine 
10 Weak brine 
10 Weak brine 

50 Lake water 
6 take water 

112.000 0.02 
67.859 CO.01 

1.950 0.17 
1.940 0.22 
2.600 - 0.16 

avg 0.18 

44.000 (0.01 
143 co.01 

34.019 <a 
avg < O . O l  

12.300 0.18 
163.860 0.01 

0.9914 
0.9982 
0.9999 
0.9998 
0.9994 
0.8744 
0.9830 
0.9818 

0.9926 
0.9921 

0.9999 
0.994 

0.9843 
0.9965 
0.9762 

0.9979 
0.9975 
0.9967 

0.9929 
0.9995 

3.9950 
2.973 
1.103 

-0.813 
1.981 
0.382 
1.602 
2.669 

-6.793 
-5.242 

-70.654 
-56.544 

0.732 
0.708 
0.711 

-31.183 
-105.384 

21.318 

5.982 
-103.298 

0.874 26.274 
0.711 39.702 
0.928 23.305 
2.272 3.888 
1.437 9.719 
1.529 8.585 
0.878 26.035 
0.958 21.868 

9.155 0.096 
14.295 0.039 

0.0065 
0.0063 
0.006 
0.046 
0.017 
0.018 
0.0065 
0.0073 

1.775 
0.764 

33.62 
22.86 
40.82 
31.75 
35.72 
38.10 
33.62 
35.72 

33.618 
190.500 

0.0032 0.108 
0.003 0.072 
0.003 0.122 

.001 0.037 
0.0082 0.293 
0.0087 0.331 
0.0032 0.109 
0.0036 Od130 

0.150 

0.0441 1.48 
0.0190 ?.61 

2.55 

33.196 0.0022 9.151 2 750 *0.2272 64.9 

avg 41.5 
22.653 0.0078 1.278 571.500 0.017 18.1 

0.455 96.945 0.0018 33.618 0.0009 0.029 
0.440 103.667 0.0021 25.997 0.0011 0.027 
0.598 56.124 0.0029 35.719 0.0014 0.051 

0.036 

13.726 0.0213 0.469 571.500 0.0117 6.66 
45.392 0.009 2.567 571.500 0.0637 36.42 

2.330 1.4788 0.0068 571.500 0.0034 1.92 
15-00 

1.161 28.030 0.0064 31,750 0.0032 0.102 
049.298 0.0019 5.360 571.500 0.133 76.05 
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TABLE 4-6. Summary of Bryan Mound injectivity tes t  results. a h  

_ _ _ ~ ~ ~ ~ ~ ~ ~  ~ 

Fi l t r a t e  Suspended 

volume, solids,  

Run F i l t e r  Date Source WPSi m s / t  
Intercept, Slope, W/Kc, KC * 

9, k / m n  ppn/md md 2 r 
Gl/2 * 

F Yr 
Tl/2’ 
Yr 

~~ 

~ B M  0.4 2/23/79 Recirculated 9.35/50 2.78 

2BM 0.4 2/24/79 Raw pond brine 7.16/50 3.17 
7BM 0.4 2/26/79 Raw pond brine 6.23/56 6.33 

l l B M  0.4 2/27/79 Raw wnd brine 5.96/50 5.54 

raw pond brine 

i7BM 0.4 2/28/79 Raw & brine 7.31/50 2 
vg 4.46 

0.9998 

0.9999 
0.9999 
0.9957 - 

- ”  

0.”0090 

-0.748 

0.198 
-1.422 
-0.2% - 

6.455 

1.8364 5.95 

1.2669 12.50 
1.4110 10.08 
1.110 16.26 

0.5281 8.64 

0.467 

0.254 
0.628 
0.341 - 

0.0248 

2.06 0.0116 

1.80 0.126 
0.90 0.0156 
1.03 0.085 

26.71’ 0.0123 

0.024 

0.23 
0.014 
0.009 

0 0 069 
- - 
. .. 

0.33 3BM 10.0 ‘ 2/23/79 Recirculated 9. 

4BM 10.0 2/24/79 Raw pond brine 7.00/6 0.44 - - - - - - - - raw pond brine 

5BM 10.0 2/26(79 Raw‘pond brine 3.75/6 0.29 
6BM 10.0 2/27/79 Raw pond brine 3.01 
8BM’ 10.0 2/28/79 Raw pond brine 2.35/6 1.11 

avg 0.618 . 

-50% lower. 



~ . . .  .. . . , .__-_ ~ .. .. . _ _ _  ~ - -  .. . 

TABLE 4-6. Continued. 

~~ ~~ 

F i l t r a t e  Suspended - 
G1/2 Tl/2 , KC * volume, s o l i d s ,  Intercept, Slope, W/Kc. 

F Yr Yr Run F i l t e r  Date source WPSi ms/a r 2 11 11/6 ppm/md md 

10BM 10.0 2/27/79 
l2BM 10.0 2/28/79 

13BM 0.4 2/26/79 
15BM 0.4 2/27/79 

16BM 10.0 2/26/79 
18BM 10.0 2/27/79 

20BM 0.4 2/28/79 
2lBM 0.4 2/28/79 

I-’ 
I-’ 
10 22BM 10.0 2/27/79 

23BM 10.0 2/28/79 
24BM 10.0 2/28/79 

25BM 0.4 2/27/79 
26BM 10.0 2/27/79 

Inject ion Pad 3 
Inject ion Pad 3 

Ul tra f i l t er  
Ul tra f i l t er  

Ul tra f i l t er  
Ultraf  f l t e r  

Granular-media 
Granular-media 

Granular-media 
Granular-media 
Granular-media 

Inject ion Pad 3 
Inject ion Pad 3 

4.100/6 
5.030/6 

avg 

23.484/50 
23.9 32/50 

avg 

68.129/6 
67.363/6 

a w  

2.500/50 
4.785/50 

avg 

121.556/6 
125 .041/6 
67.174/6 

avg 

6.141/50 
120.281/6 

0.24 
0.159 
0.092 

0.042 
0.013 
0.028 

0 006 
0.004 
0.005 

0 360 
0.251 

- 

- 

- 

- 
0.036 

0.0016 
<0.001 
<0.001 
<0.0012 

0.456 
<O. 001 

0.9983 

0.9988 
0.9885 

0.994 
0.9993 

0.9996 
0.9989 

0.9996 
0.9997 
0.9994 

-0.9999 
0.9998 

4.191 

8.035 
10.424 

-56.3385 
-47.9477 

0.9475 
2.4828 

-102.284 
-104.057 

-51.122 

-0.9128 
-105.845 

0.1532 102.62 0.0015 

2.8455 2.48 0.0169 
2.4364 3.38 0.0038 

22.6712 0.0047 1.28 
20.9953 0.0055 0.732 

0.2832 250.2 0. 0014 
0.0022 0.4216 112.9 

28.8687 0.0029 0.554 
29.5530. 0.0028 0.363 
21.5424 0.0052 0.193 

1.2886 12.09 0.038 
29.9464 0.0027 0.372 

35.94 0.0010 0.0008 

136.01 0.0084 1.15 
439.62 0.0019 0.84 

952.50 0.0318 30.28 
1428.75 0.0182 25.97 

28.13 

15.88 0.0007 0.0114 
22.77 0.0011 0.025 

0.018 

3571.88 0.0138 49.1 
5715.00 0.0090 51.5 
5715.00 0.0048 27.3 

42.6 

12.53 0.0009 0.0117 
5715.00 0.0092 52.8 

c c 
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Largest particle through pores - I.( 

FIG. 4-2. 

passed through selected a x e  samples (from Ref. 23) .  

Relationship of calculated pore diameter to the largest particle 
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FIG . 
R e f  . 

2.7 ' 1  1 1 '  i 

2.6 
i I '  I '  i i 1 1  i 

2.5 R 
2.38 2.4 

2.3 

2.2 
2.1 

2.0 

1.9 40- 120F 1% 5% 
120-212F 5% 5% 
212-400F 10% 5% 

Estimated max error: 

Temperature I.(* f 

1.8 

1.7 
1.6 
1.5 
1.4 

1.3 
1.2 

1.1 
1 .o 
0.9 ' . Presumed applicable to brines but 

0.8 

0.7 

0.6 
0.5 
0.4 
0.3 

0.2 
0.1 

water above 21 2 F. 

Pressure correction factor (f) 
.for water versus temperature. 

not conf i rmed. experimental I y. 

Viscosity at elevated pressure: 

1 1  I l l  1 1 1 1 1 1 1 I I  I I  1 1 
40 80 120 160 200 240 280 320 360 400 

Temperature - O F  

4-4. Water viscosities far various sal init ies  and temperatures ( f r  
18) . 
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I To flow 

monitor 

t 
To flow 

Ill monitor 
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CHAPTER 5 

BRINE CLARIFICATION 

E. R a b e r ,  R. E. Thompson,* R. Quong, L. B. Owen, 
W. €I. Stringfellow,* and A. Robinson* 

5.1 GRANUIAR MEDIA FILTRATION SYSTEMS 

Var ious  f i l t r a t i o n  methods were evaluated as a possible means of 
c l a r i fy ing  and improving the  i n j e c t a b i l i t y  of hypersaline brines. 
i n t e n t  to e s t a b l i s h  which combination of f i l t r a t i o n  method and chemical feed 

would y i e ld  the highest  q u a l i t y  e f f luen t  for reinject ion.  

c l a r i f y  e f f luen t s  prior to subs i r f  disposal. Most appl ica t ions  involve 
treatment of moderate to law s a l i n i t y  waters with total dissolved solids of 

less than 100,000 rag/&. See examples i n  Refs. 25, 26, and 27. However, 
appl icat ion of granular media f i l t r a t i o n  as a means of c la r i fy ing  hypersaline 

br ines  (>200,000 mg/&) for in j ec t ion  was successful ly  demonstrated a t  t h e  
Sal ton Sea Geothermal Field i n  southern California.  28 

f i l t r a t i o n  depends on adsorption, t he  strong e l e c t r o l y t i c  e f f e c t s  of 
hypersaline brines (26 to 28 weight percent NaC1) on colloid charge s t a b i l i t y ,  

and sorption2' w i l l  influence the performance of granular-media f i l t r a t i o n  

It was our 

The state-of-the-art convention is to use granular-media f i l t r a t i o n  t o  

Since granular-media 

and the  se l ec t ion  of p r e f i l t r a t i o n  

5.1.1 Description of P i l o t  Tests 

5.1.1.1 Tes t  Procedure. The test 

divided i n t o  three  parts: 

chemical aids. 

procedure a t  each of the three  si tes was 

1. P i l o t  tests of direct f i l t r a t i o n  without chemical coagulants were 
performed with downflow granular media (combinations of sand, coal, and/or 
garnet)  f i l t e r s ,  u l t r a f i l t e r s ,  and cartridge filters; 

* 
National Technical Services,  Corval l is ,  Oregon 
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2. Inorganic sal ts  and polymers were eva ted as coagulants/flocculants by a 
combination of jar sting and bench-scale fi l tration to identify the u chemicals that s ig  icantly improve granular-media filtration; and 

3. The performance characteristics of downflow granular media f i l t e rs  were 
brines that were pretreated w i t h  chemicals that were found 

jar tests to be effective i n  coagulating particulates contained i n  
these hypersaline brines. 
Follow-up labora tor studies were also completed to evaluate the possible 

effects of residual che cal additives on brine injectability ed on the  

results from these f i e l d  and laboratory studies, specific r ations were 
made for brine processing requirements a t  the SPR s i tes  (Chapter 1). 

5.1*1.2 Filter Constructions. Six combinations of f i l t e r  media 
evaluated a t  the three sites. 
given i n  Table 5-1. 
analyses. A constant feed rate of 8 gal/min/ft was usually 
a l l  granular-media f i l t e r  runs, and f i l t e rs  were restored to 
by backwashing a t  a rate of 16 g/min/ft for 5 to 8 minutes. 
a schematic diagram of our subpilot (4-inch-diameter) f i l ters.  Many 
full-scale granular-media fi l tration plants have been successfully designed 
u t i l i z i n g  test  data from similar subpilot f i l ters.  30-33 I n  addition to the 
granular-media f i l ters ,  we also evaluated hollow fiber u l  f i l t e r s  (Fig. 5-2) 
and disposable cartridge f i l t e rs  (Fig. 5-3) for use a t  SPR sites. 

The construction of these pilot  f i l t e rs  is 
Listed media sizes were determined by standard sieve 

2 

2 Figure 5-1 is 

t.pd 

5.1.1.3 Salt Precipitation. Precipitati of NaCl from surge pond effluent 
complicated evaluation of brine fi l tration systems a t  Bayou Choctaw and Bryan 
Mound. A t  these sites, Cavern Lake water and Brazos River water, 
respectively, were used to dilu 
s a l t  precipitati 

that a mixtur 
f i l t e rs  directly 

without the 
results and the fact that raw brine must be filtered i n  either case, we 
concluded that the combined fi l tration is probably more cost-effective. 

a*, 



However, a t  some sites, it may be desirable to pretreat d i l u t i o n  water w i t h  

coagulants to enhance removal of the bulk of particulates by s e t t l i n g  prior to 

mixing and f i l t e r i n g .  For instance,  Cavern Lake (Bayou Choctaw) is a deep id 
(80 feet) surface depression caused by the collapse of a sa l t  dome cavern. 
T h i s  water could be chemically treated ( i f  environmental standards can be 

satisfied) and coagulated particles would then sett le to the  bottom. Removal 
of sludge would be much less frequent than it would be i f  d i l u t i o n  water were 
treated i n  the  surge pond. 

The most e f f ec t ive  coagulants for use a t  Bayou Choctaw and Bryan Mound 
are listed i n  Table 5-2. 

5.1.1.4 Eff luent  Qual i ty  and Particle-Size Distr ibut ion.  Particle count 
data,  absolute suspended so l ids  concentration, t u rb id i ty ,  and i n j e c t a b i l i t y  
test results provided the necessary information on e f f luen t  q u a l i t y  for 

assessing f ii ter perf onnance. A Prototron particle counter, Model I L I  1000, 
with a particle p r o f i l e  attachment, both made by Spectrex Corporation, was 
used to count particles over a range of 1 to 25 pm i n  raw and processed 
f luids .  

suspended pa r t i cu la t e s ,  which in t e rcep t  a scanning laser l i g h t  source. The 

instrument is in t e rna l ly  set to scan 10 & of sample over a prescribed t i m e  
in te rva l .  The particle p r o f i l e  attachment allows the  opt ion of a longer count 
t i m e  i n t e r v a l  by e i t h e r  extending the count t i m e  or by se l ec t ing  a l a rge  f ixed  

The particle counter is based on detect ion of scattered l i g h t  from 

number of total counts. I n  addition, the pulses,  p ropor t iona l ' to  the  s i z e  of 

the particles, are sorted by amplitude and stored i n  15 channels ava i lab le  f o r  
recall. Eff luent  q u a l i t y  measurements are discussed i n  t h i s  sec t ion  and i n  

Chapter 4. 

5.1.2 Evaluation of P i l o t  Tests without Chemical Pretreatment 

I n  evaluating f i l t e r  performance, flow rate and head loss (AP) are 
considered i n  addi t ion to e f f l u e n t  qual i ty .  
contamination from oi l ,  minor d i f fe rences  i n  br ine chemistry, and var iab le  

Due to various degrees of 

brine d i lu t ions ,  each s i te  must be considered separately.  
scheme is s u i t a b l e  for a l l  th ree  sites. The results from 
discussed separa te ly  . 

No one f i l t r a t i o n  
each site w i l l  be 
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Filter tests a t  several flow rates were also performed to assess the 
impact on effluent quality of changes i n  the flow rate to sludge contact time 
w i t h i n  the f i l t e r  media. 

not i n  itself improve the effluent quality. 
improved by a steady buildup of solids wi th in  the f i l t e r  media. 

W Figure 5-4 illustrates that increased flow rate does 

However, effluent quality is 

Ultrafiltration produced acceptable quality brine effluent without 
chemical pretreatment, and quality was not significantly degraded by changing 
brine .conditions or contamination. 

Disposable cartridqe f i l t e rs  are effective, bu t  they plug too rapidly. 
Frequent renewal would not be practical for treatment of large quantities of 
brine. 

Granular-media direct f i l tration tests of strong brines’ sometimes 
produced an acceptable quality effluent without the use of coagulants. 

suggests that the high concentration of ions i n  the solution has sufficiently 
altered both the thickness and charge characteristics of the double layer 

around the particle surface. 
coagulation w i t h o u t  chemical additivesO2’ However, changing brine 
conditions would severely tax the performance of a l l  granular-media f i l t e r s  
operating wi thout  chemical feeds. Therefore, further evaluatihs were done 

T h i s  
’ 

This  reduces the zeta potential, allowing some 

.bJ with chemical pretr ents and are i n  Section 5.3. 

5.1.3 Evaluation of Granular Media Filtration 
w i t h  Chemical Pretreatment 

Bench-scale experiments 
w e r e  run on cationic, anionic, and nonionic p o l y m e r s  as w e l l  as on inorganic 
salt$ a t  various concentrations. These experiments included tests on stagnant 

brine, strong diluted brines (5 to 10 percent) and leach brines. 
ted i n  Table 5-3. 

ests were conducted on r waters to determine 
cation and subsequent gravi 

brine d i lu t ion  and fi l tration would be useful. 
Table 5-2, clarification of lake and river waters can be effectively 

ettling prior to  strong 
indicated by the data i n  

wi th  chemical treatment 

s t i n g  apparatus was used experiments. Samples were 
mixed at  ambient temperature for 2 minutes at  a constant speed of 100 rpn and 
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then a t  20 rpn for 10 minutes. 

des tab i l iza t ion  and f locculat ion.  Turbidi ty  measurements (Hach Model 2100A) 

were made on the supernatant,  which was prefiltered by g rav i ty  through 
Whatman 12 paper. 
similar to t h a t  produced by the mixed media filters. 

This procedure permitted particle 

This technique has been shown to produce e f f l u e n t  q u a l i t y  
32 

Jar tests showed i n i t i a l l y  t h a t  alum (or alum + nonionic polymers) or 

other moderately charged high-molecular-weight anionic  polymers were the  m o s t  

e f f e c t i v e  wi th  regard to treatment of hypersaline ponded brines.  
charged anionic  polymers o f t en  caused dispers ion of suspended particulates and 

ca t ion ic  polymers were not found to be very e f fec t ive .  
long-chained nonionic polymers sometimes coagulated p a r t i c u l a t e s  i n  s t rong 
br ines ,  supporting the  theory t h a t  a high degree of particle coagulation 

already e x i s t s  and fur ther  f i l t e r  enhancement can be provided by a bridging 
agent. 

The highly 

I n  addi t ion,  

5.1.3.2 Granular Media P i l o t  Tests. Granular media f i l t r a t i o n  is an 
effective means for hypersaline (leach/strgng) br ine  clarification w i t h  t h e  

correct chemical pretreatment. 
(coal-sand-garnet construct ion C i n ,  Table 5-1) is the  most e f fec t ive .  

media construction, with the use of proper chemical treatments,  was as 

e f f e c t i v e  as u l t r a f i l t r a t i o n  although more sens i t i ve  to changing br ine  

conditions. 

Field tests show t h a t  t r iple  media 
This  

Jar tests and f i l t r a t i o n  through Whatman #2 f i l t e r  paper provide data on 
However, these procedures mus t  t he  optimum chemical dosages for coagulation. 

be followed by tests on d i f f e r e n t  granular media f i l t e rs  to assess pressure 
loss versus time, e f f l u e n t  qua l i t y ,  and length  of f i l t e r  cycle  w i t h  respect to 

media design.35 

in jec ted  i n t o  the  in f luen t  stream. 

I n  the pilot  f i l t e r  tests, these prescreened chemicals were 

While jar t e s t ing  had indicated t h a t  

s eve ra l  chemicals would coagulate pa r t i cu la t e s ,  only alum or the  2 1  

high-molecular-weight anionic polymers produced acceptable q u a l i t y  e f f l u e n t s  
when ac tua l ly  applied to granular media f i l t e r s .  

It can also be concluded t h a t  a prescribed chemical pretreatment could be 

made ine f fec t ive  under changing br ine conditions. Preliminary e v i  
suggests d i l u t i o n  of br ines  a f f e c t s  polymer coagulation performanc 
fur ther  s tud ie s  are needed. 
coagulation tendencies of anionic and nonionic polymers were inhib i ted  by o i l  

A t  the West Hackberry and Bryan Mound sites, 
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cause-and-ef f ect 
a t  both si tes when brine 

W 

nly s i t e  where polymers 

Inorganic salts  
polymers to increase floc she er penetration. 

5.1.4 Problems Associated w i t h  ical Pretreatment 

5.1.4.1 Postprecipitation Potential. Incubation tests were run on chemically 
clarified effluents at  35 C for periods'ranging f r  
were filtered through 1.0 pm Nuclepore f i l t e rs  to determine the tendency for 
postprecipi tation. Discuss m i c a l  companies suggested that 

chemical additives were 
2+ esence of either Fe (as l i t t l e  as 0.2 ppm) or 

fd 
e presence of excess alum (at  3 ppm), 

excess alum + Cyfloc 4500N (at  10 ppm alum + 0.2 ppm nonionic polymer), or 

and loss of 

entration after 
30 minutes of flow. 
1.0, 5.0,  and 10.0-micron f i l t e rs  after the passage of brine with and without 
polymer (0.5 rng/E) additions. Observed permeability changes of the f i l t e rs  

Figure 5-6 illustrates permeability differences of 0.4, 
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depended on the molecular weight of the polymer. 
residual high-molecular-weight polymers have the greatest effect on the rate 

possibly because of the already high electrolytic nature of 
ay be due to e 

adsorption of polymer (enhanced by polymer idging) or i n t  
and trace (<0.3 ppm) amounts of s icron suspended solids. Additional 

,Table 5-4 shows that 

of f i l t e r  plugging. However, lymer charge does not seem to have any effect, I.; 

The membrane f i l t e r  plugging mechanis 

laboratory work would be required unequivocally establish the plugging . '  

mechanism. 
impaired by the deposition of residual polymers or by the c gulation of trace 
particulates i n  post-filtered effluents. 

Such studies would be desirable since injection wells could be 

5.1.5 Specific Site Evaluations 

- A summary of the m o s t  effective systems for brine clarification a t  each 
of the three sites is given in Table 5-5. The specific pilo tests and other 
evaluations conducted a t  each s i te  are described i n  the following sections. 
Bench-scale tests a t  a l l  sites demonstrated that sedimentation alone is not 
satisfactory as a possible short-term solution for producing adequate brine 
clari ty.  I n  addition, plugging factor tests show that even wi th  chemical Li 
pretreatment, settling does not yield good quality brine effluent for 
injection (Fig. 5-7) . 
5.1.5.1 West Hackberry. 
filtration were evaluated. 
Table 5-1. Table 5-6 compares the mean turbidities (NTU) and head loss ( f t  

HZO) for granular media f i l t e rs  wi th  and without chemical feeds. 
or effluent turbidity are plotted versus time i n  Figs. 5-8 through 5-11 for 
several direct filtration (no chemical additives) tests. Table 5-7 summarizes 
the particle-size measurements on selected f i l t e r  runs. 
included for the f i l t e r  influent (pond output). The few particle count data 
collected a t  West Hackberry did not adequately show the effectiveness of the 
f i l ters .  Turbidity and injectability measurements, however, were satisfactory 
indicators of effluent quality. Particle-size measurements a t  Bayou Choctaw ~ 

and Bryan Mound were more definitive. 

Three granular media f i l t e rs  as well as cartridge 
The f i l t e r  constructions are described i n  

Data are also 
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Figure 5-8 shows t h a t  head loss (AP) is st rongly dependent on the  type 
of f i l ter  media used. For West Hackberry br ines ,  Filters B and C, a 

dual-medis f i l t e r  and a triple-media f i l t e r ,  respect ively,  show the least 
amount of head loss over t h e .  ' This  occurs, as i l lus t ra ted  i n  Figs. 5-9 

through S- l l , .wi thout  any sacrifice i n  e f f luen t  q u a l i t y  compared with other 

6, 

QBS 

filters having higher head losses. 
I t  is impartant to note t h a t  i n i t i a l  f i l t r a t i o n  of these s t rong br ines  

did produce an acceptable q u a l i t y  without the u s  f coagulants. Mean 

t u r b i d i t y  value6 of 0.20 f 0.05, 0.20 f 0.08, and 0.18 f 0.07 were observed 
for Filters A, B, and C, respectively.  However, direct f i l t r a t i o n  of b r ines  
during changing brine conditions would sever 
granular media ter s operating without  che 

ed i n  jar  tests, aluminum sa l t s  alone produced acceptable 

tax  t h e  performance of 

e f f l u e n t  q u a l i t y  under changing br ine conditions. 

d id  require a s l i g h t  increase i n  alum dosage t o ' m  
qua l i ty .  However, the ced wi th  increasing 
aluminum sa l t  dosage as i l l u  

A t  West Hackberry, the optimum a1 

Changes i n  input  tu rb id i ty  

i l ter  e f f l u e n t  water 

without unacceptable head 1 be concluded t h a t  . 

dia Filter D produ 
a l a r g e r  head loss than with dual-media f i l ters.  

Although cartridge f i l t e r s  produce an exce l len t  e f f l u e n t  q u a l i t y  they 

fore not '  practical (Chapter 4 )  . inevi tab ly  plug too rapidly and are t h  

The information obtained from the  West Hackberry 
elect the  'following co ions f o r  pilot 

i a  f i l t e r  configurations,  
t t idge uni t ,  and disposal cartridge 

during t h i s  pilot  test, 
a t h i r d  media configurat ion was designed later. The construct ion of these 

fi l ters is given in Table 5-1 and Fi 
f i l t e r  tests are given 

and f i l ter  e f f l u e n t s  is given i n  Ta 

e s s e n t i a l l y  a l l  particles above 5'1.1 

ize d i s t r i b u t i o n  of partic d i l u t i o n  water , 

U 
1 4 1  3 



are removed. The particle-size distribution before and after filtration 
(Run D-3) of the leach brine is illustrated i n  Fig. 5-13. 

Direct granular media filtration without chemicals produced an LJ 
unacceptable effluent quality i n  both weak and d i l u t e d  strong brine. 
turbidity values were high, on the order of 3.0 to 4.0 NTU. 
additional evaluation of f i l t e r  performance included chemical treatment. 

Effluent 
Therefore, any 

The ultrafiltration uni t ,  which does not require chemical pretreatment of 
the brine, produced a very acceptable'effluent with turbidities of 0.1 NTU and 
excellent plugging factor results (i.e., f l u i d  injectability based on membrane 
filtration tests) . 

Evaluation of weak brine was d i f f i c u l t  during the f i r s t  half of t h i s  test  
period due to contamination of the brine by vendor-operated pilot f i l ters.  
A l l  three vendor f i l t e rs  were being backwashed into the weak brine storage 
t a n k .  T h i s  meant that the vendor f i l ters ,  as well as the UL test  trailer, 
received polymer-contaminated weak brine. Therefore, several days were spent 
testing t h i s  nonrepresentative weak brine u n t i l  a separate backwash t a n k  
became available. However, the vendor f i l t e r  effluents continued to be 
discharged back into the weak brine holding t a n k  and recirculated. 

Anionic polymers were the most effective i n  clarifying ponded brines a t  
Bayou Choctaw and they were the most stable under changing brine conditions. 

The anionic polymer that seemed to yield the best results with regard to  
turbidity decrease was Visco 3340, a long-chain high-molecular-weight 
polymer. The optimum concentrations for turbidity reduction were 2 to  

4 mg/R. 
Although f i l t e r  alum [A12(S04)3014H20] also yielded good jar test  

results, much higher concentrations were required over those concentrations 
for West Hackberry brine. 
I n  addition, flocs formed with alum i n  Bayou Choctaw brines were weaker than 

flocs formed by Visco 3340 and, therefore, penetrated through granular media 
at  much lower AP. 

This  resulted i n  a much more rapid head loss rate. 

The average turbidity and rates of head loss (AP) for different f i l t e r  
media using various chemical dosages of Visco 3340 were tested and evaluated. 
It was determined that f i l t e r s  containing 
effluent quality and f i l t e r  run time. 
Filter Al was constructed and tested a t  a flow rate of 11 gal/min/ft 
approximate the dual-media downflou f i l t e rs  being tested on-site by the f i l t e r  

fine-garnet media improved 
Based on the above information, 

2 to 
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vendors. Figu i d i t y  of the 
dual-media (g  edia (coal- s i lica 
sand-garnet) Filter I). 

i 

an turb id i t ies ,  0.24 r these t w o  f i l ters  are not 
l y  d i f fe ren t .  However, f i l t e r  run time and related head loss 

(AP) did s h o w  a s ign i f i can t  difference. 
19 hours ccnnp 

parallel  and each was te 
be maintained. F 

of Filter A l .  The 

Filter D performed e f fec t ive ly  for 

he f i l t e r  could not  
- 

also caused a 

particle coun 

a i n  ca t ion ic  

bed retent ion.  
improved by about 50 percent when Magnafloc 507C was used. 

The e f f l u e n t  q u a l i t y  as measured by membrane f i l t  

5.1.5.3 Bryan Mound. The r e s u l t s  of the  
previous SPR sit were used to s conditions fo r  pilot 



fi l ter  runs: two 4-inch-diameter triple-media configurations,  one 
u l t r a f i l t r a t i o n  hol law f ibe r  cartride uni t ,  and disposable ca r t r idge  f i l t e r s .  
The construction of these f i l t e r s  is given i n  Table 5-1 and Figs. 5-1 ,and 
5-2. 
on static ponded brine. 
d i f f e r e n t  coagulation cha rac t e r i s t i c s .  

iJ 
Evaluation of pilot  f i l t e rs  during the  f i r s t  part of the  test was based 

Th i s  br ine was more s a l i n e  and therefore had s l i g h t l y  

A s  shown i n  Table 5-10, only the ultrafi l ter  produced acceptable q u a l i t y  
e f f luen t  without benefit of chemical feeds. 
to 0.10, and plugging f ac to r  tests showed exce l len t  results. Jar tests, i n  
the  first f e w  days of tes t ing ,  indicated t h a t  severa l  anionic  polymers 

Mean turb id i t ies  ranged from 0.13 

( V i s a  3340, V i s a  741, and MagMflW 83419) # as W e l l  as Alcl  a d  3 
However, A12(S04)jo14H20 would produce acceptable q u a l i t y  e f f luent .  

due to the changing brine conditions,  A12(S04)3*14H20 p l u s  Cyfloc 
4500N were the  only chemicals t h a t  produced acceptable q u a l i t y  e f f l u e n t  when 
applied to granular media f i l t e r s .  
t u r b i d i t y  with alum plus  Cyfloc 4500N and no chemical feed. 
head loss (AP) as a function of time. The head loss rate is acceptable f o r  
f i l t e r  runs with chemical feed. 

(a) on e f f l u e n t s  f r a n  granular media f i l ters with and w i t h o u t  chemical feeds, 
and (b) on ultrafi l ter  e f f luent .  Table 5-10 g ives  the  p a r t i c l e c o u n t  data on 
these same streams plus  data on f l u i d s  a t  other  locat ions.  The dec l ine  and 

Figure 5-17 compares f i l t e r  e f f l u e n t  
Figure 5-18 g ives  

Table 5-9 compares the mean t u r b i d i t i e s  taken 

s h i f t  i n  par t ic le-s ize  d i s t r ibu t ion  a f t e r  f i l t r a t i o n  is similar to results a t  
Bayou Choctaw. 

Although mean t u r b i d i t i e s  were approximately 0.18 NTU fo r  f i l t e r  runs 
with alum plus  Cyfloc 4500N chemical feeds,  and plugging f ac to r  test results 
showed i n  excess of 65 liters through 10 pm membrane f i l t e r s  i n  30 minutes, 
only 2.7 l i ters passed through a 0.4 pm membrane f i l t e r  i n  30 minutes. 
again may be indicative of a plugging problem re su l t i ng  from e i t h e r  d i r e c t  
deposit ion of long-chained high molecular weight polymers such as Cyfloc 4500N 

on the membrane f i l t e r  or in t e rac t ion  of the polymer with trace amounts of 
suspended solids. 

This  

5.1.6 Summary 

- 5.1.6.1 Supersaturated (Stronq) Brine. 

1. 
2. 

F i l t r a t i o n  of strong br ine  is not poss ib le  due to s a l t  prec ip i ta t ion .  

Dilution of the br ine is necessary to prevent s a l t  prec ip i ta t ion .  u 
1 4  4 
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3. Hypersaline brine d i lu ted  'with untreated lake/r iver  water is more 
d i f f i c u l t  to c l a r i f y  than br ine d i lu t ed  with chemically t r ea t ed  and 
clar i f  i ed lake/r iver  water . 
Lake/river water can be c l a r i f i e d  and settled, using alum and Cyfloc 4500N 
or V i s c o  3317 prior to use as a 'diluent. 
of lake/river water may 
still be c l a r i f i e d .  

4. 

However, separate 
t be cost-effect ive s ince  the  d i l u t e d  br ine  m u s t  

5.1.6.2 F i l t r a t i o n  without'chemical Pretreatment. 

1. Granular media f i l t r a t i o n '  without chemical treatment is genera l ly  
unacceptable for both strong and weak hyper 
so l id s  are precoagulated and brine properties remain stable. 
U l t r a f i l t r a t i o n  produces acceptable q u a l i t y  b r ine  e f f l u e n t  without 

chemical pretreatment. Although more expensive to instal l ,  t h i s  process 
is not as sens i t i ve  to changing br ine co 16. However, there  is scant  

i n d u s t r i a l  experience with u l t r a f  ilters capacities of 150,000 to 
200,000 bbl/d. 

2. 

3. The 1 b m  pore size rtridge f i l t e r s  produce 
e f f l u e n t s  withotit chemical aids, but t hes  r revers ib ly  plug too 
rapidly- to be practical fo r  treatment of lar 

5.1.6.3 F i l t r a t i o n  with Chemical Pretreatment. ' 

1. Dual- and' triple-medi f i l t r a t i o n  of bot  weak and di luted s t rong b r ines  

with proper chemical treatment produces 
e f f luen t ,  as long a d i t i o n s  remain constant. 

hlgh-quality in j ec t ab le  

nd-garnet) with chemical trea 
superior to 
e f f l u e n t  qua l i t y ,  head loss, 

5.1.6.4 Chemicals and Chemical Pretreatment. 

1. High-molecular-weight polyacrylamide polymers exhibi ted the  most 
v e r s a t i l i t y  i n  

f i l t e r s ,  bu t  ar 
Alum or alum p lus  a nonionic, high-molecular-weight polyacrylamide polymer 

produces acceptable q u a l i t y  e f f l u e n t  when used with granular-media f i l ters 
2. 

during periods of o i l  contamirktion;' u 
1 4  5 



3. Nonionic, long-chained polymer addi t ives  used i n  conjunction w i t h  alum 

LJ 
strengthen the f locculated materid and prevent premature f i l ter  
penetration. 

Incubation tests a t  35 C of Bryan Mound brines show no evidence of 
pos tprec ip i ta t ion  with use of alum, alum + Cyfloc 5400 (nonionic polyer) 
or anionic polymer V i s c o  3340. . 

5. I n j e c t a b i l i t y  tests with membrane 

4. 

ters show t h a t  polymers i n  highly 
e l e c t r o l y t i c  so lu t ions  containing trace amounts of suspended solids 
eventually plug membrane f i l ters wi th  pore s i z e s  from 0.4 

Furthermore, the effect is proportional to polymer chain 1 

polymers i n  f i l t e r  e f f luen t s ,  therefore ,  could lead to a po ten t i a l ly  
serious dawnhole problem. 

concentration w i t h  respect to potential in j ec t ion  w e l l  impairment merits 
fur ther  study. 

The s ignif icance of residual polymer 

5.2 INTERIM CLARIFICATION SYSTEMS 
F.H. Smith* 

The SPR sites were experiencing continuing diff icul t ies  wi th  t h e  disposal 
of untreated brine a t  disposal rates of up to 200,000 bbl/d. 

was, therefore ,  made of provis ional  c l a r i f i c a t i o n  and f i l t ra t ion systems tha t  

could be quickly implemented a t  the three sites. Accordingly, engineering 

studies were made on (1) modification of the br ine holding ponds to  optimize 

removal of brine pa r t i cu la t e s  by s e t t l i n g ;  (2)  the use of "packaged" or 
ca r t r idge  f i l t r a t i o n  systems amenable to rapid cons t ruc t ion  and installation; 
and (3) the use of in-place or pool-type granular media f i l ters i n  l i e u  of 
on-site concrete fabr ica t ion  or fac tory  manufactured tankage. 
we determined t h a t  car t r idge  f i l t r a t i o n  systems are not viable  a t  SPR sites 
awing to rapid and i r r e v e r s i b l e  plugging. 

An assessment 

Subsequently, 

5.2.1 Brine Holdinq Ponds 

The ex i s t ing  holding ponds have been considered for use as s e t t l i n g  
basins to c l a r i f y  the br ines  before reinject ion.  Two basic aspects  are 

* 
National Technical Service, Corval l is ,  Oregon. 
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reviewed: the s e t t l e a b i l i t y  of partic 
ponds for use as c l a r i f i c a t i o n  basins. 

s i n  the  br ine and the design of the 

LJ s of sedimentation have been studied for many years. Many 
theoretical parameters have been ve r i f i ed  i n  laboratory work, and s o m e  have 

, 

been verified by observations i n  the f i e ld  of full-sized clarifiers.. 
Discrepancies 
occur  because theoreti , 

p a r t i c l e s  (seldom f o u  actual conditions) or one or more types of cu r ren t s  
that hinder the  s e t t l i n g  of the  pa r t i c l e s .  
responsible for most of the  problems i n  comparing theoretical s e t t l i n g  values 

wi th  act& conditions: 
an uncovered basin; (2) convection currents  caused by temperature 
differentials i n  and around a basin; (3) densi ty  cur ren ts  caused by 
di f f  e r e n t i a i  temperature and/or suspension loading values between incoming 

water and water i n  a basin; and (4) eddy cur ren ts  produced when incoming water 
en te r s  a basin. 

tween theo re t i ca l  s e t t l i n g  values and ac tua l  values o f t e n  
e t t l i n g  equations have been based on spherical 

Four types of currents are 

(1) surface currents  caused by wind movement across 

Regardless of the typ f discrepancy, t h  s u l t  is t o  prolong 
s e t t l i n g  times established by mathematical eq 

p a r t i c l e s  f a l l i n g  through water i n  a basin w i t  
Therefore, a look a t  the t ng values of p a r t i c l e s  i n  the .b r ine  

a t  West Backberry, Louisiana, is presented first,  followed by a general  
descr ipt ion of the holding basins a t  each of the three SPR sites. 

brine ex i t ing  the  pond c 
1 to 2-micron parti  46 percent 
2 to 5-micron p a r t i c l e  4 percent  

5 to 10-micron particle 15 percent 

>lO-micron p a r t i c l e  s percent 

s for theoretical spher ica l  

any hindering currents .  
c$ 

Preliminary f i e l d  analyses a t  West Hackberry established tha t  the  average 
ined the  following p a r t i c l e  size d is t r ibu t ion:  

Since 95 percent of the pa 
analysis  of s e t t l i n g  v e l o c i t i e s  i s , based  only on these very small pa r t i c l e s .  

p a r t i c l e s  i n  i d e a l  s e t t l i n g  basins is given by 
A very useful  equation for es tab l i sh ing  s e t t l i n g  v e l o c i t i e s  of spherical 

G 

d2 

W where v is the ve loc i ty  of t h e . p a r t i c l e ,  g is t he  grav i ty  constant,  ps and p 
I 



are the s p e c i f i c  g r a v i t i e s  of the particle and f lu id ,  respect ively,  p is t he  

dynamic v i scos i ty  of the f lu id ,  and d is the  diameter of the  particle. 
The s p e c i f i c  g rav i ty  of most suspended particles found i n  water va r i e s  

between 2.1 and 2.98 and the  specific g rav i ty  for the  br ine  is approximately 

1.18. 
approximately twice t h a t  of water, or about 3.14 cP for a temperature of 4 C 

(40 F). 
provides two factors which can be mult ipl ied by various diameters of 
p a r t i c l e s ,  to e s t a b l i s h  s e t t l i n g  ve loc i t i e s ,  as follows: 

L! 

Analysis a t  the  s i te  indica tes  t h a t  the  v i scos i ty  of the  br ine is 

Subs t i tu t ion  of these values i n  the previously described equation 

981) (2.1 - 1.18)- d2 = 15.97 d 2 
v = (  (18) (3.14) 

981)(2.9 - 1.18) d2 = 29.85 v = J  2 
(18) (3.14) 

S e t t l i n g  ve loc i ty  of particles 1 micron i n  diameter: 

Minimum v = (15.97)(0.0001)2 = 1.6 x cm/SeC 

M a x i m u m  v = (29.85)(0.0001)~ = 3.0 x 10’~ cm/sec 

S e t t l i n g  ve loc i ty  of particles 5 microns i n  diameter: 

Minimum v = (15.97)(0.0005)2 = 4.0 x loo6 cm/sec 

M a x i m u m  v = (29.85)(0.0005)2 = 7.5 x cm/SeC 

S e t t l i n g  velocity of particles 10 microns i n  diameter: 

Minimum v = (15.97) (0.001)2 = 1.6 x 10’’ cm/sec 

Maximum v = (29.85) (0.001)2 = 3.0 x 10’’ cm/sec 

It has been es tab l i shed  by various ana lys t s  i n  the  past that the s e t t l i n g  

(3: 

veloc i ty  of a particle is equal  to t h e  surface loading of a s e t t l i n g  basin; 

therefore by dividing each of the previously es tab l i shed  s e t t l i n g  ve loc i ty  

values by the factor 4.7 x 

rate required for good s e t t l i n g .  
generalized f l aw values for each of the  th ree  SPR sites (approximately 

we can e s t a b l i s h  the  t h e o r e t i c a l  overflow 
When the  overflow rates are divided i n t o  the  t.: 
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10,500,000 gal/d), t he  t h  areas are establ ished.  Table 5-12 
s h o w s  these values and the 

Since 80 percent  of the  suspended particles i n  the  br ine  are smaller than 
direct s e t t l i n g  of these pa cles is imprac 

The  values shown i n  Table 5 are based on 
are completely quiescent  and do not t a k e  i n t o  account h 
These cur ren ts ,  i f  present, of the  basin to be increased 

s i g n i f i c a n t l y  i n  order to re on the  s e t t l i n g  particles. 

ect the  s e t t l i n g  of 
. This  parameter has a 

A prime design factor t h a t  can 
ticles is the  shape of t 

major effect on t h e  amount of s h o r t  c i r c u  
establishes the  amount of solids leaving 
ra ther  than accumulating on the  basin bot 

shape is a long, narrow, rectangular tank, 

t h e  ve loc i ty  head of the  entrance water. 

ntered, which par t ia l ly  
rough the  e f f luen t  l i n e  

holding ponds can be 

ne foot of 

A t  West Hackberry, two basins  are 

sur faces  04 berms) ' 

Length of basi 

Length-to-width ratio = 3.3:l 

Length-to-depth ratio = 252:l 

Detention time a t  250,000' 
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Washington, D.C. 

end design for  the basin, sho r t  c i r c u i t i n g  is minimized. Data accumulated a t  
By i n s t a l l i n g  f loa t ing  b a f f l e s  and using the  long, round-the- 

ex i s t ing  f a c i l i t i e s  show t h a t  t h i s  type of design has no s h o r t  c i r c u i t i n g  I: 
problems . 

Similar ly ,  a t  Bayou Choctaw two basins are connected together with a 
t ransfer  pipe. By using the  two basins  i n  series, relocat ing the  in f luen t  
pipe, and modifying the t ransfer  pipe to a pass-through channel, a s e t t l i n g  
basin with the following c h a r a c t e r i s t i c s  is established: 

Width of basin = 201 f t  (not including sloped surfaces  of berms) 
Length of basin = 1,056 f t  (not including sloped sur faces  of berms) 

Usable s e t t l i n g  depth = 10 f t  (1 f t  allowed fo r  sludge accumulation) 
Length-to-width ratio = 5.25:l 
Length-to-depth ratio = 105:l 
Horizontal ve loc i ty  a t  250,000 bbl/d = 0.01 f t / sec  flow (16.25 f t  /sec) 
Overflow rate a t  250,000 bbl/d = 49 gal/d/ft2 flow (10.5 m i l l i o n  gal/d) 

Detention t h e  a t  250,000 bbl/d flaw = 36 hdurs 
By changing the shape of the basin and making it i n t o  a round-the-end 

3 

design, s h o r t  c i r c u i t i n g  is s ign i f i can t ly  reduced. The horizontal  ve loc i ty  is 
still within the range of values indicative of good removal of small 
particles. 
of d i sc re t e  particles as small as 5 microns (0.005 mm) from water. 

This modified design produces a basin conducive for good removal 

Bryan Mound has one basin. A t  t h i s  si te,  it appears t h a t  the  in f luen t  
and e f f luen t  pipes are located a t  the f a r t h e s t  points poss ib le  from each 
other. 
described basins and has the following characteristics: 

This basin is s ign i f i can t ly  smaller than e i t h e r  of the  previously 

Width of basin = 193 f t  (not including sloped surfaces of  berms) 

L’ 

Length of  basin = 297 f t  (not including sloped sur faces  of berms) 
Usable s e t t l i n g  depth = 6 f t  (1 f t  allowed for sludge accumulation) 
Length-to-width ratio = 1.54:l 

Length-to-depth ratio = 50:l 
Horizontal  ve loc i ty  a t  250,000 bbl/d = 0.01 f t / sec  f low (16.25 f t  /sec) 

2 Overflow rate a t  250,000 bbl/d = 183 gal/d/ft  

Detention t h e  a t  250,000 bbl/d f low = 6 hours 
I n  this case almost none of the characteristics of this pond meets the 

3 

flow (10.5 mill ion,gal/d) 

desired criteria conducive for removal of discrete particles f r m  water i n  t h e  
desired range of 1 to 10 microns. However, it is poss ib le  to improve some of 
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t he  pond characteristics by i h s t a l l i n g  a f loa t ing  b a f f l e  i n  the center  of t h e  
basin to form a long basin with round-the-end flow design. 

t he  pond characteristics are-as follows: 

. 
I f  this is done, 

Width of basin = 96 f t  (not including sloped surfaces of berms) 

, Length of bas in  = 594 f t ;  (not including sloped surfaces of berms) 

Usable s e t t l i n g  depth = 6 ft (1 f t  allowed for sludge accumulation) 
Length-to-width ratio ”= 6.2:l 

Length-to-depth ratio = 99:l 
Horizontal  ve loc i ty  a t  2508000 bbl/d = 0.03 ft/sec flow (16.25 f t  /sec) 

2 Overflow rate a t  2508000 bbl/d = 183 gal/d/ft low (10.5 mil l ion gal/d) 

Detention .time a t  2508000 bbl/d f low = 6 hours 
Comparing the design criteria of the modified basin wi th  t h a t  of ex i s t ing  

3 

basins indicates t h a t  particle sizes i n  the range of 15 to 20 microns 
(0.015 mm to 0.020 mu) can be settled i n  water. These particle s i z e s  are 
l a rge r  than those which require  removal from the br ines  being reinjected.  

bd 

When comparing the sedimentation of variou art icle sizes i n  t h e  

previous paragraphs, the carrying f l u i d  was water with‘a specific g rav i ty  of 
1.00 and an approximate 1.6 CP viscosi ty .  When these values are used i n  the 

equation to determine s e t t l i n g  ve loc i  es, we f ind  t h a t  particles of 
approximately 5 microns i n  s i z e  have s e t t l i n g  veloci ty ,  i n  water, of 

9.4 x 10-6 cm/sec when the particles have a specific g rav i ty  of 2.1. 

s e t t l i n g  ve loc i ty  increases  to 1.6 x 10” 

specific gravi ty .  
s p e c i f i c , g r a v i t y  and v i scos i ty  values for brine establishes particle diameters 
between 7 and 8 microns which have the  same s e t t l i n g  velocities i n  brine. 

The 

c for particles w i t h  a 2.9 
n the  same equation using Subs t i tu t ion  of this va 

Based on the previous ca lcu la t ions  and comparisons- t h  ex i s t ing  water 
c l a r i f i c a t i o n  basins, it appears that mdi fy ing  the holding ponds a t  West 
Hackberry and Bayou Choctaw to make them i n t o  long, rectangular basins  wi th  

round-the-end flaw pa t t e rns  w i l l  provide good s e t t l i n g  characteristics so t ha t  

discrete particles ’ as small 
modifications are no 
the  separat ing berm 

Although the  majori e br ine a t  West 
Hackberry were less‘ 
s e t t l i n g  characteristics of these two ponds w i l l  improve the t u r b i d i t y  loading 

any modification to improve t h e  

to any f i l t e r  system which may be ins t a l l ed .  
W 

to any f i l t e r  system which may be ins t a l l ed .  
W 



A t  t h i s  time, pr ior  to any t e s t ing  being performed, it appears t h a t  there  

LJ is no way to e a s i l y  improve t h e  s e t t l i n g  c h a r a c t e r i s t i c s  of t h e  holding pond 
a t  Bryan Mound site, with the  exception of adding f l o a t i n g  ba f f l e s  and 

modifying the i n l e t  piping to optimize d i s t r i b u t i o n  of t h e  flow. 
addi t iona l  pond, b u i l t  to operate i n  series w i t h  the  ex i s t ing  pond, may be 

required to obta in  pond cha rac t e r i s t i c s  similar to those obtained when t h e  

ponds a t  West Hackberry and Bayou Choctaw are modified. 

An 

5.2.2 Cartridqe F i l t r a t i o n  Systems 

A prime reason for  invest igat ing the use of ca r t r idge  f i l t r a t i o n  systems 
i n  t r ea t ing  brine wastewaters is the hope of i n s t a l l i n g  t h e  systems i n  a s h o r t  
time period. 
readi ly  avai lable ,  were reviewed. 
f l e x i b i l i t y  of operation, and price.  

For t h i s  reason, various package-type f i l t e r  systems, which a r e  
Four systems were compared for s i ze ,  

The four systems invest igated can be separated i n t o  three  types of 
treatment approaches. 

reviewed, is based on provided mult iple  pressure downflow granular f i l t e r s ,  
manifolded together with appropriate piping so t h a t  they act as one f i l t e r  

(Fig. 5-19). The second approach is based on the u t i l i z a t i o n  of 
ultrafi l tratiun car t r idges  and t r ea t ing  the br ine i n  a batch treatment process 

by r ec i r cu la t ing  the  reject water back to the  brine holding pond (Fig. 5-20). 
The t h i r d  approach u t i l i z e s  pressure f i l t e r  vesse ls  t h a t  house mult iple  
disposable f i l t e r  car t r idges.  
These car t r idges  a re  ava i lab le  i n  various po ros i t i e s ,  capable of removing 
p a r t i c l e s  down to 3 microns i n  size. Further discussion of each of the  three 

approaches is contained i n  t h e  following paragraphs. 
the comparative fac to r s  for each of the three approaches when located a t  each 
of t he  three  sites i n  Louisiana and Texas. 

One approach, consis t ing of one of t h e  f i v e  systems 

Two ca r t r idge  f i l t e r  systems were reviewed. 

Table 5-13 shows some of 

The downflaw granular f i l t e r  approach offers the  most f l e x i b i l i t y  of a l l  
the invest igated systems because it can operate  e f f e c t i v e l y  with or without 
chemical addition to the brine,  and if condi t ions are r igh t ,  without chemicals. 

To provide a f i l ter  system t h a t  is v e r s a t i l e  to i n s t a l l  and use as w e l l  
as easy t o  ship,  a standard module is proposed consis t ing of a support  frame 
8 f e e t  w i d e  and 16 feet long. 

f i l t e r s ,  each 2 feet i n  diameter and approximately 5 f e e t  high. 
Each frame contains 12 v e r t i c a l  pressure 

Each f i l t e r  
L 
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tank is connected to the two main header's running t h e  'length of t h e  assembly 
and can be individual ly  isolated from both Geaders by operating manual 

valves. 
t he  f i l ter  media during f i l t e r i n g  mode of operation and for removal of 
backwash wastewater during backwashing mode. 
manifolded together to form &e 'filter' for backwashing urposes. T h i s  

reduces t h e  number of valve s t a t i o n s  required for "automatic operation but 
still provides a reasonable size of f i l t e r  for backwashing purposes so t h a t  

piping s i z e s  can be kept to a minimum. Mul t ip le  f i l ters  can be manifolded 

together as required to meet the desired flow rates a t  each SPR site. 
A u t o m a t i c  cont ro ls  for t h i s  system are simple and cons i s t  of two automatic 
open-closed valves for each f i l t e r  and one modulating automatic valve on the 

main p l an t  e f f l u e n t  pipe. 'The two ope lves  are used to d i v e r t  t h e  

normal flaw for each f i l t e r  backwashing mode, and t h e  

modulating f i n a l  e f f l u e n t  valve is us e back pressure on t h e  main 
e f f luen t  header so t h a t  the  <proper ba s diverted to the  particular 
f i l ter  requir ing backwash and through-the waste l i n e  back to the  br ine  holding 
pond. . Backwashing i s  i n i t i a t e d  by high 'head loss across the  f i l t e r  or 
manually as desired by t he  operator. 
ind ica tors  may be i n s t a l l e d  on a l l  f i l t e r  for v i sua l  monitoring 
purposes. The estimated cost of t h i s  a main piping 
syktem 'required to amne the necessar f i l t e rs  together to obta in  
a properly s ized  treatment p lan t ,  is shown 
required for this approach appears to 
nominal p l an t  capacity of '250,000 bbl/d. 

The upper header' is used for raw 'tvater t ransfer  to t h e  top surface 'of 
&, 

Two s k i d  assemblies are 

I n  addi t ion,  individual  head loss u 

The u l t r a f i l t r a t i o n  approach provides best po ten t i a l  
t he  systems described. It was field-tested Bayou Chetaw 
The s ing le  u l t r a f i l t r a t i o n  cartridg 

e f f l u e n t  with a l l  suspended particl  
Th i s  system is easy to operate as 

e f f l u e n t  q u a l i t i e s .  Thi type of f i l ter  process is 
separat ion of clean wate 

em t h a t  was tested c 
own to a s i z e  of 0.1 micron. 

from d i r t y  water 
varied percentage of t he  raw wat. 
The reject water t h a t  does not pass 

returned to the brine pond. 
ugh the membrane is 

Periodic backflushing and chemical cleaning of 
the membranes is required and is accomplished in much the  same manner as u 
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backwashing the granular filters previously described. The estimated cost for 
t h i s  approach, not including the main piping system, is shown i n  Table 5-13. 

Manufacturing time required for t h i s  approach is approximately 30 weeks  for a 
nominal p lan t  capaci ty  of 250,000 bbl/d. 

I; 

I 

The f i n a l  approach invest igated was the use of disposable cartridge 

filters. Two manufacturer's sytems were reviewed, both using s l i g h t l y  
d i f f e r e n t  car t r idges  and piping arrangements. 
manufacturers is the u t i l i z a t i o n  of a 5-micron cartridge, which means tha t  a l l  

suspended matter larger than 5 microns w i l l  be captured i n  t h e  cartridge 
elements. 

approach i n  t h a t  no "reject" water needs to be piped back to the  holding 

pond. They also operate i n  a similar manner t;o the u l t r a f i l t r a t i o n  system i n  
t h a t  a pressure d i f f e r e n t i a l  is used to mechanically separate the  clean water 
€rom the d i r t y  water by forc ing  the raw water through a membrane. 

The factor common to the two 

These systems operate i n  a similar manner to the  granular f i l t e r  

A major 
drawback with t h i s  approach is t h a t  there is no f lushing ac t ion  on the  

membrane surface as occurs i n  the u l t r a f i l t r a t i o n  process. 
c h e m i c a l  addi t ion is not recommended as the  heavier and more voluminous floc 
produced by chemical addi t ion w i l l  quickly bl ind off the cartridge surface 

causing earlier replacement of the  cartridges than should be necessary. 
Cartridge fi l ter  operation depends on the v i scos i ty  of the f l u i d  being 
filtered: 

cartridge using a given i n i t i a l  pressure. 
the brine being filtered should be analyzed by laboratory means so t h a t  

optimum operating aonditions can be established. 

t h i s  paper, a kinematic v i scos i ty  between 20 and 50 Centistokes is assumed. 

Furthermore, 

as the  v i scos i ty  increases ,  less water can be forced through a 

For t h i s  reason, the  v i scos i ty  of 

For ca lcu la t ion  purposes i n  

These values are reasonably based on published data for 25 percent br ine  

and by comparisons with similar sugar concentration data. 
v i scos i ty  values and a desired i n i t i a l  pressure d i f f e r e n t i a l  across the 

car t r idge  of one psid, the flow rate through each ca r t r idge  can vary between 

0.5 and 1.2 gal/min. 
f i l t e r  systems, not including the main piping system, is shown i n  Table 5-14. 

Manufacturing t i m e  required for either of the two systems is approximately 8 

to 10 w e e k s  for a n o m i n a l  p l an t  capaci ty  of 250,000 bbl/d. 

a t o t a l l y  unsat isfactory e f f luent .  Finer pore-sized ca r t r idges  (i.e., 1 pm) 

Based on these 

The estimated cost of the two disposable cartridge 

Our SPR field tests (Chapter 4)  demonstrated tha t  5 pm c a r t r i d g e s  produce 
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design for each site cons is ts  of 
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ured tankage. This 
geous i n  the operation 

system insta l led  



supply piping of the  w e l l  in jec t ion  pumps or to a holding tank between the two 
sets of pumps. If t mps are connected d i r e c t l y  together, the  in j ec t ion  

w e l l  pumps must be s h u t  down when the f i l ters  are backwashed. A holding tank  LJ 
between the  two sets of pumps would all- the  in j ec t ion  w e l l  
to operate during backwash times. 

between the media p a r t i c l e s  became clogged w i t h  matter, t h u s  reducing t h e  

ava i lab le  area for the water to use when passing through the f i l ter .  
increases  the veloci ty  and thereby the head loss across the f i l ter  media. To 

compensate for the var iab le  head loss, a l e v e l  con t ro l l e r  is i n s t a l l e d  i n  the 

f i l ter ,  which maintains a constant water l e v e l  i n  the  f i l ter  by increasing t h e  

opening of the fi l ter  pump discharge valve as the fi l ter  head loss increases. 

s to continue 

As the "d i r ty"  water continues to pass through the f i l ter ,  the spaces 

T h i s  

The f i l ter  pump has a flooded suct ion 60 t he  only r e s t r i c t i o n  on the suct ion 

side of the  pump is the increasing ve loc i ty  head associa 
increasing f i l t e r  head loss. 

2 the  f i l t e r  a t  a flow rate of approximately 8 gal/min/ft and a terminal head 
loss of 15 to 18 feet of water. 

This  r e s t r i c t i o n  is not a problem when operat ing 

The piping and equipment required for three fi l ters,  including automatic 
cont ro ls  is estimated to cost $255,000, not i n s t a l l ed .  This  cos t  is 
approximately the same whether a guni te  l i n e r  or p l a s t i c  l i n e r  is used. 
Table 5-14 shows basic comparative data for systems b u i l t  w i t h  either l ine r .  

an TWO means of construction were analyzed i n  preparing t h i s  report: 
earthen basin w i t h  a 30-mil impervious l i n e r ,  and an earthen basin w i t h  a 
guni te  l in ing .  
and the same Prmps and e q u i p e n t ,  but construct ion details w i l l  be d i f f e ren t .  

Both types of basins w i l l  require a similar amount of piping 

The use of a gunite liner i n  an earthen basin has the following 
advantages: 
1. It is q u i c k  to i n s t a l l .  Depending on the natural ground a t  each site, it 

is possible  to construct  the earthen berms for three f i l t e rs  i n  about 3 to 
4 days. An addi t iona l  2 days is required for i n s t a l l a t i o n  of the steel 
mesh and gunite l iner .  

Care i n  construction of the berms is not critical. 
"mold" around v i r t u a l l y  any protrusions i n  t h e  earthen berm, e l iminat ion 
of protruding r o c k s  and other materials is not necessary. 

G u n i t e  can be i n s t a l l e d  on any surface angle, t hus  e l iminat ing the  need to 
ensure a 2:l or 3:l sloped berm. 
coating depends on the Slope, a slope ratio of approximately 1:l should be 

2. Because guni te  can 

3. 

Because the thickness of the guni te  
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used to keep the gunite' t h i c k n e s s  

would require  a thickness of 6 or 
A guni te  l i n e r  has two disadvantages: 

2 and 3 inches. t ical  walls 

b, 
1. ~t is plastic impervio ner. Gunite i n  place, 

2 $2.00/ft of area. not  including any earth work is between $1.5 
2. Gunite is impervious, thus allowi 11 amount of br ine seepage to 

11 probably s ta in  and 6c used to contain br ine 
bins were to be used for an extended time period 

(severa l  years) it may be advisable to coat the l i n i n g  wi th  epoxy pa in t ,  
b u t  this would require additional time for appl icat ion and curing. 
Figure 5-22 shows a typical three-filter arrangement wi th  guni te  ~ 

l inings.  
any piping or equipment. 

The estimated cost for this arrangement is $35,000, not including 

The use of an earthen basin with a plastic impervious l i n e r  has two 
advantages: 

1. A plastic l i n e r  is less expensive than a guni te  l i ne r .  
plastic l i n e r  shipped to the job site is between 55 and 60$/ft2 of 

area. 
three f i l t e r s  a t  one site. 
A plast ic  liner, i f  i n s t a l l e d  properly and protected wi th  a layer  of sand 
or similar "cushion," is impervious and does not react wi th  t h e  brine. 

The cost of a 

This  is based on t h ree  men taking 3 days to i n s t a l l  t he  l i n e r s  i n  

LJ 2. 

The use of a plastic l i n e r  has three disadvantages: 

1. Because the l i n e r  can be punctured by sharp objects, it m u s t  be i n s t a l l e d  
ca re fu l ly  and requi res  care i n  making the j o i n t s  between membrane sec t ions  

or where piping penet ra tes  the l iner .  
f i l ter  media is angular, the l i n e r  should have a sand covering to keep 

from having the  support  g rave l  puncture, it. 
add i t iona l  time for i n s t a l l a t ion .  A l l  the previously mentioned 

requirements mean t h a t  proper i n s t a l l a t i a n  of a plastic l i n e r  t a k e s  more 
time than required for a guni te  l iner .  

Because support g rave l  for t h e  

Th i s  sand 'topping" requires 

2. Construction of the berms is more critical than when using gunite. This  

is because protruding rocks and other material may puncture the plastic 

l iner .  
damage to the liner from occurring. 
An ear then basin wi th  a plastic l i n e r  should have a slope ratio no greater 

These materials should be removed or covered wi th  earth to prevent , 

3. 
than 2:1 to ensure s t a b i l i t y  of the berm. Th i s  means a grea te r  plan area 

LJ 
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is required for the same f i l t e r  bottom area and a greater amount of earth 
mus t  be moved to construct the berms. 
Figure 5-23 shows a typical three-filter arrangement wi th  impervious 

plastic liners. 
including any piping or equipment. 

The estimated cost for this arrangement is $5480008 not 

Because time is a very important element for the temporary solution a t  
the two SPR sites i n  Louisiana and the one s i te  i n  Texas, design and 
construction efforts w i l l  necessarily be performed simultaneously. I 

I 

1 
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TABLE 5-1. lot  f il te 
, - . I ". 

bd 
A 4-in.-dia 24 in. of silica sand West Hackberry 

single-media 0.45-0.6 111111 

4-in. -dia 

dual-media 

12, in .  garnet 0.28-0.35 mm; Al 
. 18 in .  of an thrac i te  coal 

1.0-1.1 m , 

B 12  in. of silica sand 

dual-media 0.48-0.6 mm; 18 in. of 
anthracite coal 

. O - l . l  mm 

C,D 4-in.-dia 3 in. garnet  0.28-0.35 m; 
t r  iple-media 9 in.  sili& sand 

0.48-0.60 mm; 18 in. 
an thrac i te  coal 

b 1.0-1.1 mm 

E U l t r a f i l t e r  Ranacon hollaw f i b e r  
car t r idge;  3 in. dia ,  

25 in. long with 525-n& 

Bayou Choctaw 

Bayou Choctaw . 

and West Hackberry 

Bayou Choctaw, 
West Hackberry, ' 

and Bryan Mound 

Bayou Choctaw 

and Bryan Mound 

Bayou Choctaw, 

West Hackberry, 
and Bryan Mound 

volume; Polysufone s h e l l  

F Disposable Cuno, 1.0 p ca r t r idge  
ca r t r idge  filters 
f i l t e r s  

U 
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TABLE 5-2. Chemical  treatment for dilution water. 

S i t e  Method Chemical treatment Comments 

Bayou Gravity 100 ppm Vism 3317 (A1 Fastest 
Choctaw settling chloride + cationic  polymer) s e t t l i n g  rate 

80 ppm alum + 0.1 ppm Vism 9858 

(long-chained nonionic polymer) 

Bryan Gravity 
Mound I se t t l ing  

50 ppm V i s a 0  3317 (Al Fasteet 
chloride + cationic  polymer) 

60 ppm ala + 0.1 Ppm V i s -  9853 

(long-chained nonionic polymer) pH decrease 

s e t t l i n g  rate 

Causes 

Cs.; 
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TABLE 5-3 . . Coagulants and f locculan ts  . 
Effec t  on t u r b i d i t y  

Amount a t  indicated sitea 
added , West Bayou Bryan 
P P  Hackberry Choctaw Mound 

ad 

Cationics 

Alum 1-300 Inorganic, short-chained, 

E R E 

R _- -- _ _  
FeC13 1-50 Inorganic, short-chained 

-- C a t  Floc-T os-io Low molecular weight (0.5 m) N N 

Calgon 
Cyanamid 
Magnafloc 507C 0.5-3 Law moleculdr; weight, high- 

-- charged; used with 3340 N N 

. MagMf loC 581C 0.5-10 *. N N 
Cyanamid - 
Cyanamid 

Magnaf l o ~  1561C 0.5-10 
Cyanamid 

Magnafloc 1563 0.5-10 
Nalco Vx-740 0.5-5 High molecular weight 

- N -- ba 
I . .  -- N 3.- -- 
(7-10 m) -- 

V i s a  3317 0.5-3 i 

used with anionics 
(834Ar 1820Ar 3340) N R - '  R 

-- -- V i s c o  3342 1-20 r - N  

v i s a  3347 0 . 5-10 Alum; cationic polymer N N 

visco 3349 0.5-10 -- N N 

N Zimmite 2T68 1-20 
Zimmite'2T653 -0.5-20 - N  

- 
-- 

I -- 1 -  

-_ -- 
a N  = no change i n  tu rb id i ty ;  I- . __ 
R = reduced t u r b i d i t y  to 8me degref; . 
E = excellent t u r b i d i t y  reduction. I 



TABLE 5-3. (continued). 

~ _ _  

i. Effect on t u r b i d i t y  
Coagulant Amount a t  indicated sitea 

or added, West Bayou Bryan 
f locculant  P W  Description Hackberry Choctaw Mound 

Anionics 

Chlorine 

Calgon M-570 
Calgon M-580 

Calgon M-590 
Cyanamid 

CYPm 
Cyanamid 

CY292 
Cyanamid 

Cy-Guar d 

382 

Cyanamid 
P-26 

Cyanamid 
I 
I 

I Cyanamid 

5300 

Magnaf loc 
834A 

Cyanamid 

Magnafloc 
837A 

Cyanamid 
Magnaf loc 

V i s c o  741 

Vis -  743 

1820 

1-5 

0.5-3 
0.5-20 

0 . 5-10 

1-3 

1-3 

0.5-10 

0 5-10 

0.5.5 

0.5-10 

0 5-10 

0 5-10 
0 5-5 

0.5-5 

- 
Medium molecular weight (7 m) 
Medium molecular weight (7 m) 
Medium molecular weight (7 m) 

200,000 Mw 

400,000 MW 

10,000 Mw 

150,000 Mw 

15 MN 

High molecular weight (18 m) 

Eigh molecular weight (15 m) 

High molecular weight (18 m) 
15-20 mill ion MW 
10-15 m i l l i o n  Mw 

-- --b 

-- --b 

-- --b 

R R 
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Effec t  on t u r b i d i t y  
Coagulant- Amount at indicated sitea 

f locculant  ppm 
visw 3340 0 1-10 Long-chained, high 

cd 
or added , West Bayou Bryan 

Description Hackberry Choctaw Mound 

molecular weight 
(15-20 m) E E R 

Tretoli t e  
FR-52 1-20 

. _  
-_ --b 

-~~ 

Cyanamid 
Cyfloc 4500 

molecular weight (15 m) ; 
. .  used with a lum,  3317, 

d 33 < E  N ' E  

Cyanamid 
Magnafloc 9858 0.1-10 Long-chained, high u molecular weight R N R 

Cyanamid 
Magnafloc 990N 0.5-10 Medium molecular 

Mixed ' 

Polyethylene 
Amines 0.5-20 *N 

N - weight (4 m) N 

e -- 
H -- Polyglcol P.400 0.5-20 N 
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TABLE 5-4. 

f i l ter  (0.4 u) flaw ratesea 
Effec ts  of polymer molecular weight on membrane 

b 
Molecular Flaw rate, R/min, 

Polymer weight Charge after 30-minute test 

&lgMflm 4500 15-20 m Nonionic 0.067 
Vis -  3340 15-20 m Anionic 0.056, 

V i s =  742 15-20 m Cationic 0.080 

Magnafloc 990 4 m  Nonionic 0.067 

V i s a  3364 l m  Cationic 0.118 
vis- 3345 100,000 Cationic 0 . 100 

Cyguard 294 80 , 000 Anionic 0.100 
CabOWaX 14,000 14,000 Nonionic 0.100 

0 . 155 Blank - - 
(Ultraf i l t e r e d  brine) 

~ 

a0.005 mg/R of polymer was used in each run; 0.4 l.~ Nuclepore 
membrane filters were used; and a l l  polymers are polyacrylamide or 
copolymer polyacrylic acid. 
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Si t e  add i t ive  Type construction C m e n t s  

West 
Inorganic Triple media 1. Less  alum is required during 
Al salt (coal, sand, periods of s t rong  br ine  flow. 

garnet)  or 
dual media 
(coal, sand) 

2. St ra in ing  without chemic 
. i s  sometimes eff 

1. Polymer does not 
* I .  

of o i l  contamination. 

2. Dual media f i l ter  is effective, 
but a t  a lower total throughput. 
During periods of strong b r ine  
in j ec t ion ,  alum may be necessary 
i n  place of Visco 3340. 

% 
w 

Inorganic Triple media 

nonionic garne t )  

% l t r a f i l t r a t i o n  without c h e m i c a l  a id s  was tested a t  these sites and was as effective and less s e n s i t i v e  
to changing brine condi 

\ 



a I 
TABLE 5-6. West Hackberry SPR pilot f i l ter  runs i n  ponded brine. 

Head Eff luent  Inf luent  6: 
F i l t r a t i o n  Chemica l  feed, loss rate, turb id i ty ,  t u rb id i ty ,  

Run Date methodb mg/ll f t H20/hr NTU mu 

A-1 

B-1 

c-1 
D-1 

c-2 

D-3 

B-2 

c-3 
D-4 

B-3 

c-4 
D-4 

A-2 
B-4 

c-5 
D-5 

C-6 

D-6 
8-5 

1/6/79 
1/6/79 

1/6/79 
1/9/79 
1/10/79 

1/10/79 

1/10/79 
1/10/79 

1/ll/79 
1/11/79 

1/10/79 

1/11/79 

1/13/79 
1/13/79 

1/13/79 
1/13/79 

1/14/79 

1/14/79 
1/14/79 

Single media 
Dual media 
Tr ip l e  media 
Tr ip l e  media 
Triple media 
Triple media 
D u a l  media 

Triple media 
Triple media 

D u a l  media 
Tr ip l e  media 
Triple media 

Single  media 
Dual media 

Tr ip l e  media 
Tr ip le  media 

Tr ip le  media 

Triple media 
Dual media 

None 

N o n e  
None 

5.0 Alum 
0.5 Alum 
2.0 Alum 
3.0 Alum 
3.0 Alum 
3.0 Alum 
1.0 Alum 
1.0 Alum 
0.03 Cyfloc 
4500N 
N o n e  
4.0 Alum 
4.0 Alum 
0.15 Cyfloc 

4500N 
N o n e  
3.0 Alum 
1.0 Calgon 

M580 

0.40 

0.10 
0.15 

1.12 
0.35 

0.98 
0.94 

0.89 
1.17 

0.52 
0.75 
0.25 

0.65 
1.07 
1.32 
1.82 

0.88 

0.94 
0.65 

0.20 

0.20 
0.18 

0.02 
0.31 

0.15 
0.09 

0.11 
0.11 

0.18 
0.16 
0.84 

1.2 
0.21 

0.15 
0.22 

1.5 

0.19 
1.0 

1.36 

1.36 
1.36 

1.05 
0.35 

1.0 
1.33 

1.33 
1.33 

1.73 
1.73 
1.73 

7.68 

7.68 h: 
7.68 
7.55 

7.73 

7.13 
4.4 

‘Brine densi ty  = 1.177 g/cc; C1- = 1808000 ppm. 

bil ter  media compositions: Single media--silica sand 
Dual media-silica sand, an thrac i te  coal 
T r i p l e  media-silica sand, anthracite coal, garnet. 
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TABLE 5-7. P a r t i c l e  count results at  West Hackberry. 

Counts/& a t  indicated 6, Chemical particle s i z e  
Date Source/runa treatment >1 Vrn 175 l.un 5-10 prn 

1/9/79 Pond input  - 461 364 43 

Pond output - 793 658 107 
B-1 e f f luen t  d 241 233 8 

C-1 e f f luent  - 126 118 6 

D-1 e f f luen t  5 ppm Alum 34 33 1 

1/10/79 Pond input  - 69 2 577 91  

Pmd output  - 2063b 1249 550 
B-2 e f f luen t  3ppmAlm 258 239 17 
C-3 e f f luen t  3 ppm Alum . 281 252 28 
D-4 e f f luen t  3 ppm Alum 295 26 8 24 

U 
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TAET 5-8. Bayou Choctaw SPR pilot f i l t e r  runs. 

~~ ~~ 

Head Eff luent  In f luen t  
F i l t r a t i o n  Chemical feed loss rate, t u r b i d i t y  , t u r b i d i t y  , 

Run Date B r i n e  type methoda mg/R f t H2O/hr NTU NTU 

A-1 

A-2 

B-1 

UF-1 

c-1 
D-2 

c-5 
t;t 
OD 

Al-1  

D-3 

B-2 

1/26/79 
1/27/79 
1/27/79 
1/29/79 

1/30/79 
1/31/79 

2/2/79 

2/1/79 
2/1/79 
2/1/79 

Dual  media Strong 
D i l u t e d  strong' Dual  media 
D i l u t e d  s t rong D u a l  media 

Leachd U l t r a f i l t e r  
Leach Triple media 
Leach Triple media 

b 

Leach Triple media 

Leach 
Leach 
Leach 

Dual-A-media 
Triple media 

Dua l  media 

None 
None 
25.0 Alum 

None 
None 
4.0 3340 
4.0 C12 

2.0 V i s c o  3340 + 
0.5 Magnafloc 507C 
2.0 V i s c o  3340 
2.8 V i s c o  3340 
2.0 V i s c o  3340 + 

0.22 
0.30 
0.32 
-- 

0.47 
0.36 

1.28 

1.4 
0.79 
1.53 

1.63 
1.98 
1.9 
0.12 
4.4 
0.84 

0.25 

-0.24 
0.23 
1.47 

1.61 
1.9 
1.9 

18.0 
5.2 
8.6 

17.5 

10.0 
10.0 

9.3 
1.0 Alum 

C-3 2/1/79 Leach Triple media 2.0 V i s c o  3340 + 1.72 1.35 10.0 
3.0 Alum 

a F i l t e r  media compositions: Dual media--anthracite mal, si l ica sand 
Dual-A-Media--anthracite coal, garnet 
Triple media--Anthracite coal, s i l ica sand, garnet  

bStrong brine dens i ty  = 1r196 g/cc; C1' 

'Strong d i lu t ed  br ine = 90% s t rong  + 10% Cavern Lake  water (unclarified) 
dLeach br ine dens i ty  = 1.173 g/cc. 

188,000 ppm. 

Q 6 c 



e c 
a TAB= 5-9. P a r t i c l e  count results a t  Bayou Choctaw (Prototron Spectrex Model ILI 1000). 

Counts/rdR a t - i n d i c a t e d  particle s i ze  / 

, Source Chemical treatment Date >1 pm 1-5 5-10 10-15 15-20 20-25 

1/25/79 834 ' 687 
812 

in jec t ion  site 817 
1/29/79 1546 939 

WB 1/30/79 2145 1079 
1/30/79 2204 1071 

9 1928 1315 
2093 1271 

1/30/79 2127 1194 
1/30/79 486 447 

P ar 
rD 

1 <  

1/30/79 1742 1250 
9 8 1  SB/CCh B-1 f i  1/3a/79 79 70 
921 sS/CCL B-1 f 1/30/79 778 704 
WB-C-l-filter e f f luent  1/30/79 1738 1257 

wEi-P11-f il 4 mg/R Vis-  3340 1/30/79 135 131 
WB-D-2-f il ter ef f 1 4 mg/R V i s c o  3340 1/31/79 72 64 

120 
126 
219 

389 
680 
724 
424 
591 
709 
27 

323 

5 
68 

333 
4 
4 

23 
13 
31 

189 

199 83 
235 90 

115 47 
142 54 
163 41 

4 2 

101 <35 

2 <I 

4 1 
94 31 

<1 <1 
1 <1 

0 

0 

- 
- 
50 
46 

18 
22 

12 
2 

<17 
<1 

<1 
15 
<1 

<1 

bSame as leach brine. 

'Filter run numbers keyed to Table 5-8. 



Table 5-9. Continued 

Counts/mR at indicated particle s ize  

Source Chemical treatment Date >1 pm 1-5 5-10 10-15 15-20 20-25 

Baker  f i l ter  e f f l u e n t  
C. E. N a t a  f i l ter  e f f luen t  
L'Eau Claire filter e f f l u e n t  
L'Eau Claire e f f luen t  
WB-A1-1-f il ter e f f l u e n t  
WB-A1-1-f il ter eff luent  
WB-A1-1- filter ef f luent  
WB-D-3-filter e f f luen t  

P WB-D-3-f ilter e f f l u e n t  

WB-D-3-fi1 ter e f f luen t  
WB-D-3-f i l ter  e f f l u e n t  
WB-B-2-f il ter e f f luen t  

4 
0 

WB-C-3-filter e f f luen t  

WB-C-4-f ilter ef f luent  
WB-C-5-f ilter e f f l u e n t  

WB-Ul traf il ter e f f l u e n t  

WB-Ultrafilter e f f luen t  
Deionized water 
Bot t led  d r i n k i n g  water 

Y e s  1/31/79 116 180 
Y e s  1/31/79 34 26 
Yes 1/31/79 46 37 
Y e s  2/2/79 53 49 
2 mg/& V i s c o  3340 2/1/79 32 27 

Same + 3 hours 2/1/79 170 151 
same + 5 hours 2/1/79 50 42 

2 mg/R V i s c o  3340 2/1/79 152 134 
Same + 25 hours 2/2/79 157 156 

Same + 27 hours 2/2/79 39 35 

Same + 28 hours 2/2/79 17 16 

2 mg/R V i s c o  3340 + 2/1/79 820 697 
1 mg/R Alum 
2 mg/R V i s a 0  3340 + 2/1/79 800 711 
3 mg/R Alum 
2 mg/R Vism 3340 2/2/79 59 56 
2 mg/R V i s c o  3340 + 2/2/79 24 23 
0.5 mg/R Magnafloc 507C 

- 1/29/79 36 26 

Same + 22 hours 1/30/79 54 48 
- 2/1/79 200 178 
- 2/1/79 11 9 

8 

4 

5 

3 

3 

11 
4 

10 
<1 

3 

<1 

96 

75 

1 
<1 

4 

5 
11 

1 

3 

2 
2 

<1 
1 
3 
2 

3 
<1 

<1 

<1 

15 

7 

<1 
<1 

1 

3 

2 
1 

1 

<1 

<1 

2 
1 
2 

<1 
<1 
<1 

6 

3 

<1 

<1 

2 

<1 

2 

<1 
<1 

<1 

<1 
2 

<1 

<1 
<1 

3 

2 

<1 

<1 

c 
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a TABLE 5-10. Bryan Mound SPR pilot f i l t e r  runs  i n  strong ponded brine. 

Head Ef f luen t  In f luen t  
Chemica l  feed, 08s rate, tu rb id i ty ,  t u r b i d i t y  

mg/R f t H20/hr NTU m 
emedia None 0.36 1.1 9.5 

riple media N o n e  0.29 1.2 9.5 
filter None - 0.10 ' 8.0 

e media 3.0 V i s c o  3340 0.33 0.32 8.0 

emedia None 0.32 0.71 8.0 

il ter None - .0.12 11.9 
media None 0.33 1.40 11.9 
media 4.0 V i s c o  3340 0.52 0.69 11.9 
il ter N o n e  - 0.13- 
media 3.0 V i s c o  3340 0.53 1.05 
media None 1.54 15.3 
media 2.0 V i s c o  3317 + 2.0, 0.73 15.3 

9 Ultrafilter None 0.13 I .14.8 
9 T r i p l e  media N o n e  ' 1.01 14.8 

media 10.0 Alum + 0.2 C y f l o c  4500N 0.18 14.8 
media 10.0 Alum + 0.2 C y f l o c  450ON 1-56 0.18 14.8 

.aStrong ponded brine dens i ty  = 1.191 gycc Cl- -190,000 ppm. 

bTr iple-media nstruction: anthracite 1, silica sand, garnet. 



TABU 5-11. P a r t i c l e  count  results a t  Bryan Mound (Prototron Spectrex Model I L I  1000) . 
Counts/mR a t  indicated p a r t i c l e  s ize  

source Chemical treatment Date >1 p~ 1-5 5-10 10-15 15-20 20-25 

44 7 2 

72 11 2 1 
1 <1 

14 3 
3 

32 7 

29 6 
40 9 
66 15 

15 3 

53 9 
53 9 

Cavern 5 brinea - 2/25/79 1176 868 251 
Cavern 5 brinea - 2/27/79 677 589 

4 1  6 Cavern 4 brinea - 2/27/79 431 381 

Ponded brine - 2/23/79 2143b 1307 694 122 

Ponded br ine  - 2/24/79 1856 1l39 580 114 ~ 1 5  

Ponded br ine - 2/25/79 2000 1086 697 173 

- 2/25/79 2195 1186 778 192 Ponded brfne 

Ponded br ine - 2/26/79 2093 1110 747 183 

Ponded b r ine  - 2/27/79 2222 1006 854 277 

Ponded br ine - 2/28/79 2000 1277 604 100 

2/28/79 2169 1038 812 255 Ponded b r ine  - 
Brine a t  in jec t ion  site - 2/26/79 2093 1014 792 224 
Ultrafilter e f f luen t  - 2/24/79 11 

U l t r a f i l t e r  e f f luent  - 2/25/79 - 2/26/79 32 

Ultrafilter eff luent  - 2/27/79 130 
Ultrafilter e f f l u e n t  - 2/27/79 96 

* 

9+ 1+ <1 <1 <1 
c1 c1 

27 2+ 1 c1 <1 

91 22 11 2 1 

88 6+ 1 c1 c1 

9 7+ C 1  C 1  

k u t e d  10% to prevent s a l t  precipitation. 

bCounts >lo00 are subject to coincidence errors. A c t u a l  counts are higher. 

c 



C / c 
TABU3 5-11. (continued). 

Counts/mR a t  indicated p a r t i c l e  s ize  

Source C h e m i c a l  treatment Date >1 Vm 1-5 5-10 10-15 15-20 20-25 

A-column ef f b e n t c  - 
~-2-column ehfluent' - 
~-3-wlumn ef f luentC - 
~-4-colllinn effluent'  - 
~-5-column effluent'  0 

~-5-column effluent' - 
i 

~-2-column ef f luentC 
D-3-column effluent '  
D-5-column eff luentC 

D-7-col-n e f f luentC 

D-7-column effluent'  
D-8-column effluent '  

3 ppm V i s c o  3340 
4 ppm V i s c o  3340 

2 ppn V i s w  3340 + 
2 ppm V i s c o  3317 

i o  ppm ~ i u m  + 

Same + 3 hours 
10 ppm Alum + 
0.2 ppm Cyfloc 450ON 

0.2 Ppm CyflOC 4500N 

River water 
Bott led deionized water - 

2/24/79 
2/24/79 

2/25/79 
2/26/79 

2/28/79 
2/28/79 
2/24/79 
2/25/79 
2/26/79 

2/27/79 

2/27/79 
2/28/79 

2/24/79 
2/23 /7 9 

634 
460 

1000 
918 
63 
77 

466 
200 

2 95 

575 

8 

- 6  

2338 
73 

600 
444 

856 
818 

61 
73 

446 
175 
282 

1 <1 28 " 4 
1 2  3 <1' ' <1 

100 '26 7 3 
65 21 5 3 

1+ <1 <1 <1 

2+ <1 $1. <1 

, 15 4 1 <1 
' 13 7 2 1 

8 5 <1 <1 

432 98 , 28 

<1 
<1 

701 917 410 191 70 
69 2+ <I. c1 <1 . 

5 i l t e r  run numbers keyed to Table 5-10. 



TABLE 5-12. Theoretical settling parameters. 

Theor et ical Theor et ical 
Particle settling overflow Theoretical settling 
specific velocity, rate, area required 

micron gravity cm/sec . gal/d/ft2 f t2 acres 

70 j 896 1 2.1 1.6 x 0.0034 3.1 lo9 

t 
Particle 
diameter , 

1 
5 

2.9 

2.1 
3.0 x log7 
4.0 x log6 

37 , 664 9 0.0064 1.6 X 10 
0.0851 1.2 x lo8 2,833 

5 2.0 7.5 x lo" 0.1596 6.6 X lo7 1,510 
10 2.1 1.6 0.3404 3.1 lo7 708 

10 2.9 3.0 x loo5 0.6383 1.6 x lo7 378 

I 

1 
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TABU3 5-13. Cartridge f i l t e r  system comparisons. arb 

bd Parameter 

Granular f i l t e rs  : 

Estimated number of assemblies ‘ 24 
48400 Total area required for equipnent, f t  2 

I 

Estimated cost of assembly $5 0 

Ultr’afiltration: 

Estimated number of assemblies 25 
1, 240 

Estimated cost of assembly $1,898,000 

Total area required for equipnent, f t .  2 

Ronnigen Petter (disposable cartridge f i l t e r )  : 

Estimated number of assemblies 4 
0 

$360 8 000 

2 Total area required for equipment, f t  
Estimated cost of assembly 

CUNO (disposable cartridge f i l t e rs )  : 

Estimated number of assemblies 4 
1,120 

$390 000 

Total area required for equipnent, f t  2 

Estimated cost of assembly acld 
%lain piping and three supply pumps to pump the water through any of the 

above f i l t e r  systems is estimated to cost approximately $60,000. 



TABLE 5-14. Comparative data far fabricated in-place filters, 
1 

~ 

t/ Value with Value with impervious 
Parameter guni te  liner plastic liner 

1 

F i l t e r  depth, f t  9 9 i 
I 

F i l t e r  bottom dimensions, f t 
Plan area including 

Earth volume required 

Estimated costs: 

18 x 18 18 x 18 

outside edge of berms, f t 2  10,472 23,504 

f o r  berms, yd3 2,490 5,620 

Ear th  work $20,000 $45,000 
L i  ner work $15,000 $9,000 

Tota l  filter basin cost $35,000 $54,000 
1 

Piping and equipnenta $255,000 $255,000 
Tota l  costa $290,000 $309,000 

%dudes  costs of i n s t a l l i n g  piping and equipnent. 

id 

176 
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5-gal 
cleaning 

storage tank 

3/8 Tubing of piping 

3/8 Tubing or piping 

(1 gal/min at 20 psig) 

3/8 Tubing or piping 

regulator 
(25 psig) 

FIG. 5-2. T e s t  setup for evaluating hollow fiber u l t r a f i l t e r s  (Model 8001 CUF 

atmospheric permeate discharge configuration single-pass mode). 
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Membrane filter pore size - pm 

FIG. 5 6 .  Effect of 15 M amionic polymer (after 30 minutes of f low) on the 
permeability of various pore size membrane f i l ters .  

! 
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Settling: 60 ppm alum and 0.2 ppm 45 
. 1 .  

ow 
Volume, rate, 

!Urnin 
0.200 0.40 0.500 
0.400 0.80 0.500 
0.600 1 .m 0.500 
0.800 1.60 0.500 
1 .Ooo 2.00 0.500 
1.200 2.40 0.500 
1.400 2.90 0.400 
1.600 3.30 0.500 
1.800 3.70 0.500 

t' 2.000 4.40 ' 0.286 
ga 2.200 4.80 0.500 
w 2.400 5.30 0.400 

2.600 5.70 0.500 
2.800 6.20 0.400 
3.000 6.80 0.333 
3.200 7.50 0.286 
3.400 8.40 0.222 
3.600 9.60 0.1 67 
3.800 11.40 0.1 11 
4.000 13.50 0.095 

- min - R - 

Cumulative flow - 2 

FIG. 5-7. 

s i z e  = 10 pm). 

SPR membrane f i l trat ion test data for Run 6 3 0  on March 27, 1973 (AP = 8 psi;  f i l t e r  
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FIG. 5-10. 

Hackberry SPR site. 
Dawnf low f i l ter  e f f l u e n t  turbidi ty  for F i l t e r  B at the West 
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100 
efore 

After 

>1 1-5 5-10 10-15 15-20 20-25 
Particle size - p 

FIG. 5-13. Change i n  p a r t i c l e  size d i s tr ibut ion  i n  leach brine a t  Bayou 

Choctaw by granular media f i l t r a t i o n  (Run D-3). 
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FIG. 5-14. 

f i l t e r s  use 2 mg/k Palm 3340. 

Comparison of e f f luent  turbidi ty  for F i l t e r s  D and A1. Both 

I I I I I ' 1 ' 1 '  ' I '  
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- A Filter A, ; Flow rate 11 gal/min/ft2 3 

0 Filter D; Flow rate 8 gal/min/ft2 - 

- 
- - 
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I Alum fekr 
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I - 
cutoff 

1 0 2 mg/t Nalco 3340 + 3 mg/t AI, (S04)3 14 H,O 

0 2 mg/t Nalco 3340 + 1 mg/t AI, (SO413 14 H,O 

A 2 mg/t Nalco 3340 

'. 
\ .  

Elapsed time - hr 

FIG. 5-16. Caparison of e f f l u e n t  turbidi ty  using Nalco 3340 with and without 

A12 (SO4) 14H20. 
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FIG. 5-18. 
Mound SPR site. 

Column I) head loss (10 plpa alum and 0.2 vpn 9851) at  the Bryan 
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FIG. 5-19. Granular media cartridge f i l trat ion system. 
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CHAPTER 6 

CORROSION CONTROL 

6.1 OXYGEN SCAVENGING KINEZIC STUDIES 

K. G. KMUSS and R. L h  

6 . 1.1 Experimental Technique 

Bench experiments were oonducted to study the k ine t i c s  of oxygen scavenging 
reactions.  
water types (strong brine, d i lu t ed  brine,  and fresh water) a t  each site. A l l  

experiments were conducted using the following procedure. 
representat ive sample was collected for each run. 
a s p l i t  of t h i s  sample. 
the scavenging experiment and stirred slowly on a magnetic stirrer. 
Model 5739 dissolved oxygen probe was allawed to e q u i l i b r a t e  in the  sample for 
about  4 minutes. 
then c a t a l y s t s  (when needed) followed by scavenger were added. 

dissolved oxygen was produced by the addition’of ca t a lys t s .  

V a r i o u s  catalyst-scavenger combinations were used to t r e a t  t h e  

A fresh, 

I n i t i a l  pFI was measured on 
A 250-ml sample was drawn i n t o  a 400-ml beaker for 

A YSI 

I n i t i a l  temperature and dissolved oxygen were measured, and 

No change i n  

Scavengers were 
delivered quickly by mechanical micropipette or syringe. The dissolved oxygen c: 
was then mmitored for 9 minutes. 
there is l i t t l e  absorption of atmospheric oxygen on t h i s  t h e  scale. 
end of each run, f inal  dissolved oxygen a n t e n t ,  temperature, and p€I were 
recorded. I n i t i a l  and f inal  p€i differ only when SO2 is used as a 
scavenger. Probe response t h e  is r e l a t i v e l y  slaw. Typically, only about 
90 percent of the dissolved oxygen is detected within the f i rs t  10 seconds of 

a measurement; hence, i n  rapid reactions, t h e  i n i t i a l  measurements do not 
reflect true dissolved oxygen a c t i v i t i e s .  

6.1.2 R e s u l t s  and Discussion 

A s  shorn by Montgomery et  al. (1964), 33 

A t  t h e  

The results of these oxygen scavenging expe iments are given i n  Tables 6-1 

through 6-7 and illustrated i n  Figs. 6-l through 6-15. The figures are 
plotted wi th  uncorrected dissolved oxygen values. To estimate the r e l a t i v e  
speed a t  which dissolved oxygen is being consumed; a factor R is defined as 

k 
200 



m e  to  t h a t  pres a t  time equal to 1 

s are included as t h e  last  col i n  each table. I n  

ger combination versus 
I*' 

oxygen content 
ates t h i s  point. 

8 t h e  relative appli 

n t h i s  sense, t he  s t o i c h i a n e t r i c  dosage is t 
quant i ty  of scavenger, determined by t he  

consme a l l  the d i  

of the  balanced 

ne a t  t h e  West Hackberry site produced 

1. The applied of about 1.7 times stoichianetric with SO2 and 

alyst work q u i t e  w e l l .  
ichianetric with 

3. The uncatalyze 

a r l y  as well as using a 

5. Doubling the amount of c a t a l y s t  with SO scavenger does not 2 
u 

reasonably w e l l .  W 
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2. The addi t ion of c a t a l y s t  improves react ion rate during the f i r s t  minute, 
but uncatalyzed runs  remove a comparable amount of dissolved oxygen by t h e  

The weak brine a t  the Bayou Choctaw site produced the following results: 
end of the experiment. LI 

1. The use of approximately 1.5 times the s t o i c h i m e t r i c  dose of SO2 works 

s a t i s f a c t o r i l y  with or without catalysts .  
r a t e  considerably, but  the pH is lowered to unacceptable values 
(about 5.2). 

The results with NaZS03 a t  comparable dosages produced similar 
results, i.e., no ca t a lys t  needed. 
effect on pX. 
A dosage rate of 1.9 t i m e s  s to i ch iane t r i c  for K494 worked about as  well as 
the  other scavengers. 

Doubling t h e  dose improves t h e  

2. 

However, increased dosages have no 

3. 

~ 

following results: 
1. 

The f r e s h  water a t  the  Bayou Choctaw site (cavern lake) produced the  

The SO w i l l  not remove dissolved oxygen even at  t w i c e  t he  s t o i c h i m e t r i c  
requirement with or w i t h o u t  ca ta lys t .  
Na2S03 scavenger a t  1.8 times stoichimetric dosage plus C o  c a t a l y s t  is 
effective, whereas a 3.6 times dosage is required with Cu ca ta lys t .  

2 

2. 

3. Dosages of K494 a t  one and two times s t o i c h i m e t r i c  do not work. LI 

6.1.2.3 Bryan Mound. 
follawing results: 

The strong br ine a t  the  Bryan Mound site produced t h e  

1. The applied dosages of 1.6 (SO,) 

stoichimetric amounts w i l l  remove dissolved oxygen reasonably w e l l .  

1.8 (Na2W3) , and 1.8 (R494) times the 

2. U n l i k e  the  other SPR sites under s i m i l a r  conditions,  nei ther  Co nor Cu 

c a t a l y s t  s ign i f i can t ly  improves t h e  react ion rate, nor is one c a t a l y s t  to 
be preferred over the other.  
prohibi t ively.  

The applied SO2 dosage does not lower pH 

The s t rong br ine with r ive r  water d i lu t ion  produced the  following results 
a t  Bryan Mound: 

1. I n  terms of effect iveness  i n  removing oxygen with scavenger-catalyst , 

combinations, t he re  is l i t t le difference between t h i s  br ine and t h e  
results on the s t rong brine. 

(as defined by density) was observed to ex i s t  for only part of one day 

It should be noted that t h i s  d i l u t e  br ine 
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. (February 27, 1979) and amounted to a d i lu t ion  of about 5 p e r k n t  with 
f r e s h  water. 

on t h i s . d i l u t e d  brine were conducted on that day; ye t  the  
'with respect to oxygen are iden t i ca l  to thos 

The experiments to study the  k ine t ics  of oxygen scavenging 
V 

The- f resh 'water  ( r iver  water) a t  Bryan M o  the following 
results: 
1. Even a t  2.7 t i m e s  the s t o i c h i m e t r i c  dosage, S 

scavenge dissolved oxygen u t i l i z i n g  C o  k t a l y s  This i n a b i l i t y  of so2 
to remove oxygen f r a n  t h e  f r e s h  water source was also observed a t  Bayou 
Choctaw. 

2. With Na2S03 scavenger a t  1.2 times t h e ' s t o i c h i a n e t r t c  dosage plus  C o  

. ca ta lys t ,  the  dissolved oxygen was e f f ec t ive ly  removed. A t ' t h i s  Na2S03 
dosage, t h e  Cu-catalyzed and uncatalyzed e 
oxygen removal . 
A t  1.2 times the recommended dosage, K494 d i d  

en ts  ed l i t t l e  or no 
f 

3. 

6.1.3 Conclusion 

I f  it is determined that oxygen scavenging i ired to  prevent ed i n j ec t ion  problems, then it should be possible  to  standardize t h i s  procedure 

a t  a l l  three SPR sites. It appears t h a t  f o r ' t r e a t i n g  s t rong or weak br ines ,  
SO2 (with 0.1 ppm C o  c a t a l y s t  a t  West Hackberry and Bayou Choctaw) a t  a 

dosage rate of '1.5 or more tinies ent  w i l l  work 
reasonably w e l l .  The us f SO2 also has the adva ing the  m o s t  
cost-effect ive so lu t ion  to the problem. 

s t o i c h ~ ~ e t r i  

6.2 IN-LINE TESTS OF OXYGEN SCAVENGERS 

6.2.1 Effec t  

An important oonsi ion i n  the assess 

are important 
i n  determining equipnent i n t e g r i t y  over time and ultimate replacement 

expenses. Corrosion also results i n  the production of particulate products 

c, 
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that f ind their way i n t o  the brine as suspended solids, thereby reducing brine 

i n j e c t a b i l i t y .  I n  ;he presence of dissolved oxygen, t he  problem i s  grea t ly  

magnified because of increased corrosion rates--saline waters containing Ld 
dissolved oxygen are highly corrosive,  requir ing the  scavenging of dissolved 

oxygen. I n  the disposal pipelines.and in j ec t ion  wells,  an equilibrium 
corrosion rate is established, resu l t ing  i n  a continuous in f lux  of corrosion 

products i n t o  the brine stream. 
t h e  total mass of solid material deposited i n  the wellbore and reservoir .  
Assuming a disposal rate of 150#000 bbl/d of brine containing 1 ppm dissolved 

oxygen (Section 6.2.2.2) t h a t  reacts with i ron  to form magnetite, a solids 
production rate of 228 lb/d is possible. 

suspended solids, which would sanetimes be more than double the  normal 

particulate concentration. 
an i n j ec t ion  w e l l  would eventually becane impaired due to the deposit ion of 
solids i n  the wellbore. 

Th i s  p a r t i c u l a t e  matter adds s ign i f i can t ly  to 

Th i s  is equivalent to 3.6 ppm 

The implication of uncontrolled corrosion is that 

A s  described i n  Section 6.1, many measurements were made i n  the U L  
mobile laboratory at the three  sites to determine the  effect iveness  of various 
conventional scavenging compounds and c a t a l y s t s  i n  reducing dissolved oxygen 

concentration to an acceptable l e v e l  i n  a reasonable amount of t h e .  

6.2.2 Corrosion and Oxygen Scavenging T e s t  Apparatus 

Since pipeline corrosion rates are s t rongly  dependent on f l u i d  veloci ty ,  
the best combination derived from the bench-scale tests was tested i n  a 
sidestream piping system where f low ve loc i t i e s  equal to those i n  the disposal 

lines could be produced (i.e., 150#000 bbl/d i n  a 24-in.-dia pipeline equals a 
ve loc i ty  of 3 ft/sec) . 

L 

The sidestream measurements were made a t  West Hackberry and Bayou 
Choctaw. 

two sites was d i f fe ren t .  
included to allow time for the scavenging react ion to proceed to completion. 
We had no pr ior  knowledge of scavenging rates i n  Bayou Choctaw s t rong  br ines  

and could not be sure that  equipnent modifications could be implemented within 
the 12-day test period; therefore, a conservative allowance of 7 minutes was 
provided for reac t ion  time. 

Although func t iona l ly  analogous, the experimental hardware a t  the  
3 A t  Bayou Choctaw, a 28-ft pipe sec t ion  was 

For the  West Hackberry work,  which preceded t h a t  
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a t  Bayou Choctaw, 
it turns out was not ne 

e did not permit inclusion of a hold-up volme (which as 

Basi the meas l e  length of 2-in. pipe 
connected brine source provided by the ssure injection pumps. The 
brine passing through the apparatus was discharged'back into the surge pond. 
Petrolite Instrument Corporation 3-electrode corrosion probes and autanatic 
corrosion rate re ders 'Ere used to measure in-line corr on rates. The 
electrodes were made of Al06B steel to simulate pipe steel. 

u 

A t  West 
the corrosion 

s cavenger-catalyst i n  j ec 
representing 17 and'33 seconds of 

were installed upstream of the 
i n t  and at  poin 0 and 100 feet downstream, 

espectively, a t  a f l o w  
igure 6-16 is a Schematic diagram of the corrosion and 

ocated side'by side following the reaction vessel as 
t Hackberry. A t  Bayou Choctaw, the two 

shown i n  Fig. 6-17. A Signet Corporation sens and recording system was used 
sensor , which utilized a f u l l y  suhersed paddle 

bench-scale kinetic measurements u 

(which was also effe i n  bench measurements) or 

eight Cu* solution directly into the brine stream. The 

0.1 mg Cue per l i t e r  of brine. A t  both sites, daily ambient temperatures 



f l u c t u a t e d  as much as 25 deg C requiring heating and insu la t ion  of the 

scavenging chemical feed system to keep SO cylinder pressures above l i n e  
pressure and at a reasonably const 
Weatherproofing also prevented SO2 

CuC12 so lu t ion  from freezing. 

6.2.2.2 T e s t  R e s u l t s .  Run times were at  least 24 hours to a l l a w  corrosion 
rates to l e v e l  off  to a stable value as measured by the  Petrolite probes. The 

results of the West Hackberry and Bayou Choctaw measurements are summarized i n  
Table 6-8. 

scavenger addi t ions and also data a t  somewhat higher br ine ve loc i t ies .  

measurements c l e a r l y  show t h a t  removal of dissolved oxygen is extremely 
important i n  reducing the aorrosiveness of the brine. 

copper ca ta lys t  to reduce dissolved oxygen can reduce the corrosion rate of 
steel i n  these brines by a t  least an order of magnitude down to l e v e l s  of 0.6 
to 1.7 mils/yr. 
never been measured. 
f a i r l y  conventional techniques does work and should be considered mandatory 

prior to in jec t ion  of ponded brines. 
corrosion product particulate matter transported i n t o  the  in j ec t ion  w e l l s .  

w i l l  be par t i cu la r ly  benef ic ia l  when coupled wi th  removal of noncorrosion- 
related particulates by granular-media or other brine-f i l t r a t i o n  processes. 

2 
value for cont ro l  purposes. 

n the feed l i n e s  and 

Table 6-8 also includes basel ine measurements w i t h o u t  chemical 
These 

The use of SO2 w i t h  a 

The in-s i tu  corrosion rates of the disposal pipe l i n e s  have 
B u t  based on the above simulations,  oxygen scavenging by 

This  w i l l  d i r e c t l y  reduce t h e  amount of 
It 

As indicated i n  Table 6-8, the weight ratios of scavenger S02/dissolved 

oxygen were 3.7 a t  West Hackberry and 6.5 a t  Bayou Choctaw. 

of 4 is required. 
"correct" ratio for severa l  reasons. 
was variable over time. 
s a l i n i t y  correct ion factor for the dissolved oxygen readings. 
Section 6.2.1, a value of 0.26 has now been established and was used 
calculate the above ratios. Thirdly, it was d i f f i c u l t  to 
rates by needle valve cont ro l  because of f luc tua t ing  l i n e  

cylinder pressures. 
cont ro l  over SO2 cylinder pressures with heaters and insulati 

these conditions,  SO2 in jec t ion  requirements were adjusted,  a 

I n  theory, a ratio 
It was v i r t u a l l y  impossible i n  t h e  f ield to achieve the 

First, t h e  oxygen a c t i v i t y  i n  the br ine  

Secondly, w e  did not have a good est imate  of the 

As dis 

We had no control  over l i n e  pressures,, and very coarse 
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achieve (1) absolute corrosion rates i n  the scavenged br ine-of  less than 
1 mil/yr, (2) pH lcwering of no more than 0.5 of a pH unit ,  and (3) residual 
dissolved oxygen a c t i v i t y  i n  the scavenged brine of <lo0 ppb. 

these conditions were m e t  a t  both West Hackberry and Bayou Choctaw, although 

a t  Bayou Choctaw a large excess of scavenger was necessary and may be 

characteristic of these brines. 

I n  general, 

Although on-line corrosion rate data were not obtained fo r  weak br ines  a t  
Bayou Choctaw and ponded brine a t  Bryan Mound, enough bench-scale data were 
obtained to conclude that the SO2-Cu c a t a l y s t  would also be s a t i s f a c t o r y  for 
oxygen removal . 
6.3 MICROBIOLOGICAL INVESTIGATIONS 

R. Morita* _ .  

The major object ive of the microbiological study was to determine whether 

sulfate-reducing bacteria were present i n  t he  in j ec t ion  water and brine ponds 
the West Hackberry, Bayou Choctaw, and Bryan 
sulfate-reducing bacteria have been implicated i n  the  "souring" of o i l  
fields. 

of ferrous metals i n  pi 

oi l  reservoi rs  by FeS 

and bacterial growth i 
sulfate-reducing bacteria i n  pe t ro l i fe rous  materials and corrosion are w e l l  
documented by Davis (1967)37 and SFeir  (1976). 

ound SPR sites. The 

More s p e c i f i c a l l y  they have been involved i n  the anaerobic corrosion 

rimental  effects of t h e  

ium MlOE (Morita and 
of sulfate-reducing 

bacteria i n  samples taken from SPR sites. This medium, which has a p€i of 7.5, 
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Potassium phosphate dibasic 0.2 g 
Magnesium sulfate 0.2 g 

Sodium sulfite 0.1 g 

Ferrous ammonium s 0.1 g 

L- 

Calcium lactate 
Ascorbic acid 

3.5 g 

0.1 g 

- 0  9 Bacto-peptone 

Yeast extract 1.0 g 

Bactcz-agar 3.0 g 

Water 1000.0 mR 

The m e d i u m  for the water was made up w i t h  brine samples from the three sites. 

test  tubes (20 by 150 mm) and autoclaved a t  2 atm for 20 minutes. 

adjusted wi th  NaOH. 

Twenty-milliliter portions of the medium were dispensed into screw-cap 
The pH was 

An inoculum of 1 ml from each brine sample was used. This  was done i n  

triplicate . 
LJ 6.3.1.2 Brine Samples. 

aseptic techniques. 
treated wi th  30 percent formaldehyde (0.6 ml) to  preserve the cells u n t i l  the 
counts could be made. 

B r i n e  samples for bacterial analysis were taken by 

Brine samples (10 m l )  for epifluorescent counts were 

6.3.1.3 Epifluorescent Bacterial Counts. Bacterial cell  numbers (bacterial 
bianass) were determined by epifluorescent counts (2 immerman and Meyer-Reil, 
1974)40 employing Nuclepore f i l t e rs  (0.2 

w i t h  Ingalan Black BGL (Watson e t  al., 1977).41 A Zeiss microscope fi t ted 
with epifluorescent optics was employed to count the number of cells i n  
various samples of brine. 

pore size) previously stained 

6.3.1.4 Sediment Samples. A t  West Hackberry, sediment samples around the 
injection s i te  were also collected to determine whether sulfate-reducing 
bacteria were present and, if so, to  determine whether adaptation to  brine 

medium w a s  possible. Adaptation of sulfate-reducing bacteria i n  sediment 

i, 
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around the  in j ec t ion  site to  higher and higher aoncentrations of br ine i n  the 

medium w a s  determined. 
U 

6.3.2 Results 

6.3.2.71 West Hackberry. 

made with br ine water obtained f r a n  the pond (Table 6-9), no sulfate-reducing 
bacteria oould be detected by the enrichment cu l ture  technique i n  the pond 
water, i n j e c t x k  water, or the water pumped (pond i n )  to the  pond. 
results obtained i n  the  elucidat ion studies does not mean sulfate-reducing 

bacteria are absent. 
techniques’.) ‘The number of bacterial cells i n  the brine samples varied from a 
l a w  of 3.5 x 1 0 3 + t o  1.7 x 10 
of carbon per bacterial cell as 207.5 f g  (femtogram or 1O-l’ g; Watson e t  al., 
1977),41 then the amoh of bacterial ‘biamass is ra ther  i n s i  

When inoculated tubes were incubated in a medium 

Negative 

(This is one of the pitfalls we have i n  microbiological 

If ohe assumes the average weight 6 bacteridml. 

S u l f  ate-reducing bacteria were present  i n  the  sediment 

the in j ec t ion  site when elucidated wi th  m e d i u m  made w i t h  seawater. Because 
sulfate-reducing bacteria are k n m  to be able to graw i n  br ine  s i t u a t i o n s  

(Nissenbaun, 1975)42 and the  possible aontamination of in j ec t ion  water wi th  

sulfate reducers, mlaptation..studies were i n i t i a t e d  to de te r i ine  whether they 

could adapt to media made w i t h  brine within tk’short period of time oyed 
i n  t h i s  invest igat ion.  

reducers did not adapt 
the  pond a t  West Hackberry. 

Halophilic bacteri 
growing on the 

b+ 

Within the time frame of t h i s  udy t h e  sulfate 
the m e d i u m  made up w i t h b r i n e  s o l u t i  

The s t rong  brine from West Hackberr does not exclude microbial l i f e .  

cultured on t 

In jec t ion  Pad 3 bu 

I-, 
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I n jec t ion  Pad 3 do not express themselves i n  medium made up w i t h  brine from 
Bayou Choctaw (Table 6-11) . 

6 L: The bacterial counts ranged from 6.02 x 10 t o  6.22 bacteridml, which 

is two orders of magnitude higher than t h a t  a t  t h e  West Hackberry si te 
(Table 6-12). 

Microsaopic examination of the br ines  from t h i s  site (sane appeared 
s l i g h t l y  greenish) revealed rn good organized groups of procaryot ic  cells so 
no s c i e n t i f i c  i den t i f i ca t ions  could be made. 

Again, halophilic bacteria were present i n  the br ine  samples from t h i s  

area. 
b 

6.3.2.3 Bryan Mound. 
samples obtained from Bryan Mound. 
from 1.46 x 10 to  2.14 x l o5  bac ter idml .  
were cul tured from the variouq brine so lu t ions  obtained from microbiological 
analysis.  

Sulfate-reducing bacteria could not be detected i n  any 
The epif luorescent  bacterial count ranged 

4 Halophilic bacteria, however, 

The data for t h i s  area are presented i n  Tables 6-13 and 6-14. 

6.3.3 Discussion 

6.3.3.1 West Hackberry. 
various br ine samples, contamination wi th  sediment can occur i n  and around the  

West Hackberry site. 
sulfate-reducing bacteria. 
grow i n  the brine water sulfate-reducing medium, there is always the 

p o s s i b i l i t y  of adaptation with time to the conditions of high br ine  s ince  it 
is known that sulfate reduction occurs i n  natural brine s i t u a t i o n s  

(Nissenbaun, 1975)42 and i n  o i l  well reservoi rs  where brine is present and 
the system has becane "sour.' 

Although no s u l f a t e  reducers were elucidated i n  the 

The sediment i n  and around West Hackberry contains 
Although the sulfate-reducing bacteria did not 

~ 

The short-term adaptation studies performed within the limited time 
period of t h i s  inves t iga t ion  does not e l iminate  the p o s s i b i l i t y  of t h i s  

process happening over a period of t i m e  i n  terms of years. 
br ine  so lu t ion  appears to be optimal for the growth of s u l f a t e  reducers; the  

halophilic bacteria i n  the brine could supply t h e  necessary nu t r i en t s  for the 

growth of t he  sulfate-reducing bacteria. 
so lu t ion  to provide it w i t h  the proper hydrogen and e lec t ron  acceptor and the 

The pH of the 

Enough s u l f a t e  is i n  the  br ine  
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-_ , 

nditions a u l d  be br 

u t i l i z i n g  certain hydro 
available to bring abou 

s u l f  ate-reduci ng bac t s an energy sour 

microbiology of the brine i n  terms of possible corrosion of metal systems i n  
the Strategic O i l  Reserve a t  West Hackberry. However, it does not e 
the future involvement of sulfate-reducing bacteria i n  making the sy  
n s o ~ r , n  which has been known to occur 
operations for second 
time-dependent pr 

6.3 . 2.2 Bayou Choctaw. 
elucidated i n  most o 

ken from Injection Pa 
educers. Althou 
or the growth of the pH of the br 

sulfate-reducing bacteria, they 

var ious brine so 
not now known for t h i s  are 
Hackberry-mainly because mixtures of Cavern Lake water and strong brine are 
injected. Lake water should contain more organic matter. 

Again, halophilic bacteria could be isolated from the brines and the 

n t h i s  area is 
previous statements concerning the microbiology of the West Hackberry s i te  
also applies to t h i s  area. 
greater because the use of weak brine solutions could permit sulfate-reducing 
bacteria to adapt more rapidly and there is probably a greater organic load 
injected into the system. 

However, the potential danger 

6.3.3.3 Bryan Mound. 
obtained from Bryan Mound. 

No sulfate reducers were demonstrated i n  the samples 
Hawever, the halophilic bacteria grew readily i n  



I these samples. Again, a l l  the statements made i n  relation to  the West 
, 
I Hackberry site apply. I n  the brine solutions having pH values close to 7.0, 

the sulfate-reducing bacteria aould develop whereas i n  certain cavern brines 
I 

Li 
where the pH reaches 11.05, there probably w i l l  be no diff icul ty  wi th  the 
growth of bacteria that could be classified as a nuisance. 
values obtained for the organic matter i n  the brine, river, and injection 
waters a t  Bryan Mound are disturbing. 
Injection Site 3B) could help to accelerate adaptation of sulfate-reducing 
bacteria. 
related . 

Hawever, the high 

These large values (up t o  39 mg/l a t  

Adaptation to environmental factors by microbes is time and energy 

6.3.4 Conclusions 

A t  t h i s  time, there appears to be no difficulty wi th  the microbiology of 
the injection sites. 
Choctaw site,  for the possible developnent (adaptation) of sulfate-reducing 
bacteria i n  the systems. 
and/or strong brines a t  a l l  sites, even after years for adaptation, is very 
strong evidence that the l i k e l i h o o d  of a problem i n  the future is very 
remote. 
be included i n  an annual survey a t  each site. 
be included i n  a quarterly check. 

bacterial check u n t i l  it can be proven that the H2S comes from another 
source, i.e., the crude o i l  being stored. 

Hawever, the sites bear watching, especially the Bayou 

The complete absence of hydrogen sulfide i n  the weak 

Hawever, it is recommended that a check for sulfate reducing bacteria 
Field analysis for H2S should 

Detection of any 3 s  should trigger a 
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Removal of disSolved oxygen from strong  brine^ . 
a (West Hackberry). 

ad 
Do+Df 

R 
Run 
NO. Scavenger Ppn 

1 33 ppm vism - 5 . G 0 . 6 0 '  ' 1.51+0 - - 2 .9  

1.38+0.09 - - 4 . 8  2 50 ppm Visco 
3 100 ppm'vism - - 3 . 0  

1.33+0.09 - 7.70-6.69 2 . 3  

7.66+7.68 1 . 3  

3.95+0.18 1.03-tO.047 21. 

o 3 . 5 5 4 . 1 5  0 . 9 P 0 . 0 3 9  22. 

10  16 ppm Na2S03 0 . 0 1  ppm C o  2.35+0.20 0.61+0.052 22 .0  

11 16 pprn Na2S03 0 . 1  ppm Cu 2.05+0.15 0.53+0.039 21.0 7.68+7.65 5 . 1  

1 2  16 ppm Na2S03 0 . 1  ppm Co 1.73-CO.15 0 .45c0 .039  22.5 +7.67 4 .3  

13 7 ppm so2 - 2.93+2.75b 0.76+0.72 20.6 7.65+7.54 1.1 

14 7 Ppm so2 0 . 1  ppm co 2.8W0.25  0.74+0.07 21.0 7.65+7.45 3 . 2  

15  7 PPm s o 2  0 . 1  ppm cu  2.95+0.20 0.77'0.052 21.5 7.66'7.43 5 .9  

16 20 ppm K477 - 3.8-2.15 l.O+O.56 21 .3  7 . 6 H 7 . 6 1  1 . 4  

1 7  10  ppn K490 - 3.85+3.65' 1.0+0.95 22 .2  7.61+7.55 1 . 0  

1 8  7 PPm s o 2  0 . 2  ppm Cu 3.95+0.29 1 .04c0 .08  21 .0  7.6-7.38 4 . 9  

1 9  7 PPm so2 0 . 1  ppm Cu 1.03+0.21 29.0 7.64+7.39 3 . 8  

bi 

20 7 Ppm so2 - 0.98+0.31 29 .9  7.73+7.42 1 . 6  



a TABLE 6-2. Removal of dissolved oxygen f r m  strong brine (Bayou Choctaw). 

Uncorrected Corrected 
Do+Df 8 Do+Df 8 

TO"Tf @O*'f R 
Run 
No. Scavenger Catalyst ppn Ppa 

Do+Df 8 Do+Df 8 

TO"Tf @O*'f R 
Run 
No. Scavenger Catalyst ppn Ppa 

0 . 1  Dpn CU 3.6+0.23 0.94'0.06 24.0+24*6 6.62+6.19 6 . 6  
2 

1 7 ppn so 
2 7 Pm s o 2  0 . 1  ppm Co 4.3+0.15 1.12+0.039 1 8 . W 2 1 . 1  6.78+6.29 3 . 2  

3 7 ppm so2 - 4.7+0.20 1.27+0.052 1 9 . 9 2 1 . 5  6 . P 6 . 2 3  1 . 9  

4 16 p ~ m  N5SO3 0 . 1  ppm CU 3.6+0018 0.94+0.047 24 .0  - 7 . 9  

5 16 ppm N a p 0 3  0.1 ppm Co 3.75+0.15 0.98+0.039 19.6+21.9 - 3 . 4  

6 16 ppm N a p 0 3  - 3.45'0.15 0.90+0.039 19.7+22,4 - 1 . 6  

7 30 ppm K494 - 4 . 5 9 0 . 1 5  1.18+0.039 19.2+21.7 - 4 . 8  

' % = Dissolved oxygen (ppm); T = temperature ( O C ) ;  0 - In i t i a l  value (subscript); 
f = F i n a l  value (subscript); R = Defined in  text. 

ti 
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a TABU 6-3. Removal of d i s s  ed oxygen from weak brine (Bayou Choctaw). 

ts Uncorrected Corrected I . 
Run D0+Df ? D0+Df ? 

No. Scavenger Cata lys t  PPn Pm T0+Tf PH0+PHf R 

8 7 P m S 0 2  

2 
. 10 28 p p m  SO2 

2 11 1 4  p p m  SO 

12 28 p p m  SO2 

13 42 ppm SO2 

1 4  28 p p m  SO2 
15 14 p p m  SO., 

9 1 4  p p m  SO 

0.1 cu 
0.1 p p m  Cu 

0.1 p p m  Cu 

0.1 p p m  Co 

1.0 p p m  Co 

0.1 p p m  Co 

None 
None 

7. WO.95 
8.0+0.18 

7.8+0.10 
8.5+0.15 

8.4+0.15 
9 .o+o .10 

8 . 8+0.10 
8. 7+O .12 

L 

16 16 p p m  N a 2 0 3  0.1 p p m  Cu 

17 24 ppm Na2S03 0.1 p p m  Cu 7.5+0.15 

18 24 p p m  Na2S03 0.1 p p m  Co 9.4+0.30 
19 24 p p m  Na2S03 None 9.W0.72 

20 32 pprn N a p 0 3  0.1 ppm Cu 7.7+0.20 
21 32 p p m  Na SO 0.1 p p m  Co 8.4+0.20 2 3  

2.0W0.25 15.2 6.33 
2.08+0 . 047 12.9+17 .O 6.4B5.71 

2.03+0*o.026 14.8+17.4 6.31+5.23 
2.21+0.039 13.0+16.3 6.3+5.55 

2.18+0.039 12.8 6.3+5.24 
2.34+0.026 14.0+16.1 6.38+5.22 

2.29+0.026 14.2+16.8 6.3+5.45 
2.26+0.031 14.0 6.3+5.72 

1.81+0.31 12.2+16.0 6.42 
1.95+0.039 11.F15.2 6.41+6 i38 

2.44+0.078 11.2+15.2 6.3+6.24 
2.55+0'19 12.5 - 
2.00+0.052 11.2 6.42 
2.18+0.052 11.4+15.0 - 

4.7 
7.6 

12.0 
6.5 

11.2 
12.0 

11.0 
7.3 

3.4 
7.9 
8.5 

8.5 

6.4 
6.7 

22 48 p p m  "%SO3 0.1 p p m  Co 7.7+0.15 2.00+0.039 12.7 - 9.6 
23 48 ppm Na2S03 0.1 ppm Cu 8.2+0.10 2.13+0.026 13.5 - 9.7 

' 1  

24 48 ppm Na2S03 None 1.92+0.026 13 8+17 -5 - 11.4 
bi 

J 

* 25 64 ppm Na2S03 0.1 ppm Co 2.13+0.031 12.8+16 . 9 - 11.7 

26 96 pprn  Na2S03 0.1 p p m  Co 1*-98+0.026 13.0+17.5 - 13.8 
27 40 ppm K494 None  7.3+0.15 1.90+0.039 14.8+17.6 6.4+5.89 8.6 

% = Dissolved oxygen (ppm); T = temperature ('C); 0 = Init ial  value (subscript); 
. .. . . 

f = f i n a l  value (subscript); R = Defined in text .  
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TABLE 6-4. 
(Bayou Choctaw) .a 

Removal of dissolved oxygen from Cavern Lake  water 

Uncorrected 
Run 
No. Scavenger Cata lys t  

28 14 ppm SO2 

29 28 ppm SO2 

30 28 ppm SO2 
31 56 ppm SO2 

32 48 ppm Na2S03 
33 64 ppm Na2S03 
34 80 ppm Na2S03 
35 80 ppm Na2S03 

36 80 ppm Na2S03 

37 112 ppm NazS03 
38 160 ppm Na2S03 

39 160 ppm Na2S03 
40 160 ppm Na2S03 

4 1  320 ppm Na2S03 

42 320 ppm NazS03 

3 43 320 ppm N 3 S O  

44 400 ppm Na2S03 

0.1 ppm c u  
0.1 ppm cu 
0.1 p p m  Co 

0.1 ppm Co 

0.1 ppm cu  
0.1 ppm c u  
0.1 ppm c u  
0.1 p p m  Co 

- 
0.1 ppm cu  
0.1 ppm c u  
0.1 ppm co 

0.1 ppm cu  

0.2 ppm cu  

0.2 ppm c u  

- 

- 
45 50 ppm K494 - 
46 100 ppn K484 - 

5.4+4 . 53 
5.93.90 
6.3+3.84 
6 . P1.40 

b 4.73+2.95 
4. 9W2.08b 

b 4.891.5 
6.2WO. 30 

6 . 3+2.06 
5 . 2W1.2 
5 .O+O. 73b 
6 . 3+0.10 

6,2+0 . 23 
5.05+0 . 4 2 

4.85+0 . 23 
6.5W0.20 

6.5WO 20 
5 -1W3 75 

5 . 25+2.75 

9 . W10.8 - 
9.W11.0 7.066.34 

13.4 7.13 
15 . W19.8 

11.0 7 -08 
10.0 - 
9 . O-ClO.5 - 
8.0 - 
8.W12.0 I 

9.W10.9 - 
9.1 - 
8.2+12 . 0 - 
8.2 - 

10.0 - 
9.9 - 
9.2-tlO.4 7.02 

7 . 6+10 . 2 

7 . 1+5 . 80 

-. 

14.7-Cl6.5 7.46 

14.3 - 

1.0 
1.3 

1.4 
1.6 

1.6 
2.4 
3.1 

13.8 

2.7 
4.3 
6.7 

14.7 

L; 14.4 
10.7 

12.1 
11.8 

10.8 
1.3 

1.6 

% = Dissolved oxygen (ppm); T = temperature (OC); 0 = I n i t i a l  value 

bRun stopped a t  4 min. 

(subscr ipt) ;  f = final value (subscr ipt) ;  R = Defined i n  text. 
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a TABLE 6-5. Removal of dissolved o&en from st rong br ine (Bryan Mound). 
I 

iJ Uncorrected Corrected ~ 

@O-f R 
Doy)f ' Doy)f ' 

To*f 
Run 
No. Scavenger Cata lys t  m m 

1 7 pem so2 0.1 ppm Co 4.35+0.15 -1.l3+0.039 23.W25.0 6.89-6.29 6.2 

2 7 Ppm so2 0.1 ppm Cu 4.15q.19 1.08+0.0 23*5+24.8 6.89+6.26 8.7 
3 7 p p m  SO2 - 4.40~ . i2 i.i4+0.031 24.0+25 .i -6.19 8.0 

4.55+0.27 1.18-9.07 23.0+23.6 +6.91 7.2 4 16 ppm N%S03 0.1 ppm 

6 16 ppm N%S03 - .30+0 . 13 1. 12+0*034 23.7+24.0 - 7.8 

5 16 ppm Na2S03 0.1 ppm Cu olO+Oo.18 1.07 047 23 5+24 2 - 5.9 

7 20 ppm 11494 - 4.25.+0.08 1.11+Oo. 021 23.6*24 -1 - 12.1 

cb c Dissolved oxygen (ppm); T = tempera re ('CIS 0 - I n i t i a l  value (subscr ipt) ;  
f * f i n a l  value (subscr ipt) ;  R = Defined i n  text.' 



TABLE 6-6. Removal o f . d i s  
a (Bryan Mound). 

'tr: 
Uncorrected Corrected 

1 Run # DO+Df t 

No. Scavenger Catalyst ppm ppm 
I To"rf mo+PHf ~ R 

I 8 7 Ppm so2 0.1 p p m  Co 3.75+0.13 0.98+0.034 25.1+25.7 6.73+6.23 6.0 
~ 

I 9 7 p p m  SO2 0.1 ppm Cu 4.1W0.20 1.07+0.052 25.7+26.2 .. 8.2 
4.2W0.13 1.11+0.034 26.W27.0 - 7.5 

11 20 ppm Na2S03 0.1 p p m  Co 4.3W0.34 1.12+0.09 2,.6+26.8 - 7.8 

13 20 p p m  Na2S03 4.3W0.40 1.12+0.10 26.1+26.9 9.2 
4.65+0.07 1.21+0.018 .25.3+26.2 11.6 

I 

I 
" -  

10 7 p p m  SO2 - 

12 20 p p m  Na2S03 0.21 p p m  Cu 4.7W0.60 1.22+0.16 25.8+26.5 - 9.4 

14 20 ppm K494 - 

f = f ina l  value (subscript); R = Defined i n  text. 
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TABLE 6-7. Removal of d oxygen from Brazos Ri 
a . (Bryan Mound). dpd . L  

r Uncorrected 
Do+Dr R 

NO. Scavenger Cata lys t  PPm To*f PEIO+PHf R 
Run ~ 

15 1 4  ppm SO2 - 0.1 ppm Co 5.4W5.40 18.8 8.07 1.0 

16 28 ppm SO2 0.1 ppm' Co 5.30+4.83c 18.5-tl9.0 8.07+6.78 1.1 
56 p p m S 0 2  I 0.1 ppm Co 5.2W3.90d j6.36 1.1 

18 24 ppm Na2S03 0.1 ppm Co 5.2W3.20' 18.9+19.2 - 1.6 

20 48 ppm Na2S03 0.1 ppm Co 5.1W0.20 19.1+20.9 - 25.5 

22 48 ppm Na2S03 - 5 . 3+5 . 4c 18.4 - 1.6 

1 9 '  32 ppm Na2S0s 0.1 ppm Co 5.4W2.58 19.0 - 2.1 

21 48 ppm Na2SO3 0.1 ppm Cu 4.7W4.57 19.6+19.9 - 1.0 

23 60 ppm K494 - 4.85+4.85C 18.7 - 1.0 

bStopped at  1 min. 
'Stopped a t  2 m i n .  
%topped a t  5 min. 

ts' 
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TABLE 6-8. In-line oxygen s enging and corrosion rate measurements. 

West West West Bayou hi 
Parameter Hackberry Hackberry Hackberry " Choctaw 

Test  duration, hr 46 

Brine flaw rate, gal/min 40 

Brine veloci ty ,  f t / s ec  , 4 0 1  

Scavenger/flaw rate, g/min - 
mg/R br ine  - 

Scavenger/catalyst None 

Catalyst/flaw rate, 

a Corrected oxygen mnc. 
before/af ter  scavenger 
addi t ion,  ppm 

Before 0.95 
After 0.91 

Stoichiometr ic  weight 
ratio,a S O ~ / O ~  - 

pH Before 7.6 
After - 

scavenger addi t ion 

Corrosion rate, mils/yr 
Without scavenger 

Probe 1 - 
Probe 2 12 

Probe 3 6.5 
With scavenger 

Probe 2 - 
Probe 3 - 

30.5 
30 

3.1 

None - 

37.5 28 
30 30 

3.1 3.1 
++ ++ so2,cu so2, c u  

0.94 0.92 

- 

0.49 
0.45 

- 
7.6 
- 

0.10. 0.10 

1.82 1.05 
0 . 013 0 . 0325 

3.7 6.5 

7.6 6.8 
7.2 6.2 

28 40 20 
16.5 - - 
17.5 - - 

0.57 1.7 
1.4 1.5 

- 
- 

a Assuming 0.26 dissolved oxygen oorrection factor for s a l i n i t y .  
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TABLE 6-9. 

samples taken from the West Hackberry @R Inject ion 

Occurrence of sulfate-reducing bacter ia  i n  water 

~ ~~ 

Growth of s u l f a t e  
reducers at iridicated 

temperature i n  M 1O'E medium 
(incubation period 40 days) Date sample 

Inoculum source co l lected'  30 C 37 c 

- 
- c Inject ion water 1/4/79 

In jec t ion  water 1/5/79 - - 
- - Pumped water to pond 1/5/79 

$tun i n  t r i p l i c a t e  

b ~ l l  contro l s  were negative.  



TABLE 6-10. 
taken fran the West Hackberry SPR.Injection Site. 

Epifluorescent microbial counts of water samples 

Date 
Water sample , sample collected Bacterial cells/& 

Pond water 1/4/79 1.0 lo4 
Pond water 1/5/79 1.7 lo4 
Inj &tion water 1/4/79 1.1 lo4 
In j ec tion water 1/5/79 

Pumped water to pond 1/5/75 
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6 
TABLE 6-11. Occurrence of sulfate-reducing bacteria i n  water samples taken from 

Bayou cho~taw SPR Injection 

1 

Growth of su l fa te  reducers a t  indicated temperature ' 

i n  M 10 E medium made with 

Lake water Injection Pad 3 l'umped water to pond Inject ion water 

Inoculum source 30 C 37 C 30 C 37 C 30 C 37 C 30 C 37 C 

Lake water 

, i  - - -. - - - 
- - - - - - Inject ion Pad 3 + + 

pumpedwater topand - - - - - - - - 

N 
N, w 



TABLE 6-12. 

taken from the  Bayou Choctaw SPR Injection Site. 

Epiflourescent microbial counts of water samples 

I 

Water sample Date c o l l e c t e d  Bacterial cells/ml 
6 Lake water (fresh)  1/25/79 6.02 x 10 

Inject ion pad 3 1/25/79 1.49 x lo6  
Pumped water to pond 1/25/79 * 6.64 lo5 
Injecticm water 1/25/79 6.22 lo5  
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TABLE 6-13. OCCU sulfate-reduci bacteria i n  water samples 

taken from the Bryan Mound SPR Injection Si teOapb hd 
Growth of sulfate  reducers at indicated 

temperature from Bryan Mound i n  
M 10 E medium made with 

Pumped water into pond Injection Pad water 

- - - Injection pad water - 
Controls - - - - 
a~ l l  runs i n  tr ip l icate .  

bIncubation period was 40 days. 



TAEiLE 6-14. 

water samples taken fran the Bryan Mound 
SPR Inject ion Site. a 

E@ifluotescent microbial counts of 

Water sample Bacterial cells/mll 

Inject ion water 1.46 x 104 
Pumped water to pond 2:14 x 105 

Injection Pad 1.63 105 
. _  

'Samples received April 3, 1979. 
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FIG. 6-2. 

(16 ppxn) at the West Hackberry SPR site. 
Rate of removal of disso lved omen  from brine with sodium sulfite 

Copper 0.1 ppm 

228 



ii 

10 I 1 I I I 1 I - 
Visco 

Symbol concentration 
A 33 PPm 
0 50 PPm 

0 0 100 ppm 

- .  - 

t 8 0 
0 

11111101 
0 5 10 15 20 25 30 35 0.1 

229 



6 

5 

I 

4 

I 

3 

2 

I I I I I 1 I I 

Catalyst 

U Copper 

A Cobalt. 

o .None 

- 

9 
Time - min 

FIG. 6-4. 
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FIG. 6-6. 
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Schematic diagram f the corrosion and oxygen scavenging test setup at the LLL test s i te  i n  

Bayou Choctaw. 



REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10 . 

11 . 
12 . 

Lj Smith, C. G., 1976, "Saltwater-Freshwater Interfaces i n  t h e  '2,000' and 
'2,800-Foot' Sands i n  the Capital Area Ground Water Conservation 
Commission, B u l l e t i n  No. 1, 23 p. 

Magorian, T. R., 1978, "Geotechnical Study, Bayou Choctaw,"  U.S. 

Department of Energy, S t r a t eg ic  Petroleum Reserve Report, 23 p. 

Knutson, C. F., and C. R. Boardman, 1978, "An Assessment of Subsurface 
Saltwater Disposal Experience on t h e  Texas and Louisiana Gulf  Coast For 

Applicatian to D i s p o s a l  of S a l t  Water from Geopressured Geothermal 
Wells," U.S. Department of Energy, Div. Geothermal Energy, NVO/1531-2, 

August 4. 
Warner, D. L., 1972, "Survey of I n d u s t r i a l  Waste Inject ion Wells, V o l s .  I 

and 11, U.S. Geological Survey, NTIS AD-756-641, June. 
Warner, D. L., e t  al., 1977, "An Introduction to the  Technology of 

Subsurface Wastewater Injection," EPA Environmental Protect ion Technology 
Series ,  EPA-600/2-77 240, 345 p. 

Campbel l ,  M. D., and G. R. Gray, 1975, "Mobility of Well-Drilling 
Additives i n  the Ground-Water Systems," EPA Conf. Envirn. Aspects of 

Chemical U s e  i n  Wel l -Dr  i l l i n g  Operations, May 21-23, Houston, Rhport  d. 
EPA-560-1-75-004, 45 p. 

Owen, L. B., "Evaluating B r i n e  I n j e c t i o n  for DOE'S S t r a t e g i c  Petroleum 
R e s e r v e  Program," Energy and Technology Review, August 1979. 

Davis, K .  E., 1979, " B r i n e  D i s p o s a l  W e l l  No. 2: R e p o r t  on the U s e  of 
Compressed A i r  to Backf l aw W e l l  a t  High Flow Rates and Increase 

In j ec t iv i ty , "  Ken E. Davis Associates, 16 p. 

Campbell, M. D., and J. H. Lehr, 1973, "Water W e l l  Technology," 

McGraw-Hi l l ,  New York, (4th Print ing,  i977),  601 p. 
Hudgins, C. M. and Patton, C., 1979, "Evaluation of Commercial F i l t e r s ,  

Comparative F ie ld  Tes t ,  Bayou Choctaw Si te , "  U.S. Department of Energy, 

S t r a t e g i c  Petroleum Reserve Report, 40 p. 

Chemical Marketing Newsletter, April 30, 1979. 
Gruenfeld, M., "Quantitative Analysis of Petroleum O i l  Po l lu tan ts  by 

Inf ra red  Spectrophotometry, Water Quality Parameters, ASTM STP 573, 
American Society for Testing and Materials, 1975, p. 290-308. 

244 



13. MacArthur, 6. G. (1916)' i n  Linke, W. P., Solubilities, Inorganic and 

Metal-Organic Compounds, Vol.  11, four th  ed i t ion ,  1965. 
14. Hudgins, C. M., Petro Tech Consul tants ,  Inc., personal communications 

1979, 1980. 
Wolery, T. J., Calculation of Chemical Equilibrium between Aqueous 

Solution and Minerals, Lawrence ivermore Laboratory, UCRL-52658 (1979). 
15. 

16. J. R. Wood, "Thermodynamics of ine-Salt Equilibria-I. The Systems 

Nale-KC1-MgC12-CaC12-H20 and NaC1-MgS06-H20 a t  25 Degrees C," Geochim. 
Cosmochim. Acta, V.39, pp. 1147-1163 (1975). 

17. Doscher, T. M., and L, Weber, 1957, The U s e  of the  Membrane F i l t e r  i n  
' Determining Qua l i ty  of Water for Subsurface Injection: Dr i l l i ng  and 

Production Prac t ice ,  (MI) , pp. 169-179. 
18. Johnston, K. H., and J. L. Castagno, 1964, Evaluation by F i l t e r  Methods 

of the Quality of Waters Injected i n  Water-Floods: 
Rept. 6426, 14 p. 

Petroleum Ser ies ,  252 p. 

U.S. Bureau of Mines 

19. Patton, C. C., 1977, O i l f i e l d  Water Systems: Published by Campbell 

20. Barkman, J. H and D. H. Davidson, (1972), Measuring Water Qual i ty  and 
Predict ing We Impairment: Jour. Petroleum Technology, pp. 865-873. 

21. Owen, L. B., P. Kasameyer, L. Thorsen, and R. Netherton, 1977, Predict ing 
t h e  Rate a t  Which Suspended Sol ids  Plug Injection Wells: 
3rd Workshop-Geothermal Reservoir Engineering, Stanford University. 

Tewhey, J. D., M. A. Chan, P. W. Kasameyer, and L. B. Owen, 1978, 
Developnent of Inject ion Criteria for Geothermal Resources: 
Resources Council, 

Proceedings, 

Geothermal 

t i on  of Porous and 

au of Mines R I  6926. 

es-Harris, "The Bay 
ges of an Offshore 

t h e  West Montalvo Field," Jour. Pet. Tech. (July 1968), 683. 



. 
28 . 

29. 

30 . 
31 . 
32 . 
33 . 
34 . 
35. 

36 . 

37 . 
38. 

39. 

40 . 

41 . 

42. 

QUOng, Re, F. Schiepflin,  No Do Stout, Go E. T a d i f f ,  and F. R. McLain, 
"Processing of Geothermal Brine Eff luents  f o r  Inject ion,"  Geothermal 
Resources council ,  Transactions, Vol. 2, pp. 551-5548 1978. id 
St-8 W.8 and J. Morgan, "Aquatic Chemistry and Introduct ion Emphasizing 

Chemical Equilibria i n  Natural Water," N. Y. WilepIn tersc ience ,  1970. 
Cleasby, J. L.8 Dept. of C i v i l  Engineering, Iowa State University, Ames, 

I O W ~ ,  personal communication. 
~ o e b e c k ,  Gordon, Chief of Water Research, EPA, Cincina t t i ,  Ohio, personal 
communication. 
Conley, Walter, Director of Research, Neptune Microfloc, Inc., Corval l is ,  
Oregon, personal communication. 
Bishop, Steve, Metcalf and Eddy Engineers, 50 Stanford Street, Boston, 

Massachusetts, personal communication. 
~ r u s s a l ,  Rhodes, James & Montgomery Eng., 535 Walnut Street, Pasadena, 

Cal i fornia ,  personal communication. 
O'Melia ,  C. RO8 'The Role of Polyelectrolytes  i n  F i l t r a t i o n  Processes," 
N a t .  Tech. Information Service, EPA Report--670/2-74-032 ( A p r i l  1974) . 
Montgmery, H. A. C., H. S. Thorn, and A. Cockburn, 'Determination of 
Dissolved Oxygen by t h e  Winkler Method and t h e  So lub i l i t y  of Oxygen i n  
Pure Water and Seawater 8" J. epl. chem. 8 V. 1 4  (1964) 8 p. 280-296. 

Davis, J. Bo,  1967, PeeOleUm MfCrObiOlOgY, Elsevier  Publo COO, 

Amsterdam, London, and New York. 

Shreir, L. L. 8 1976 Corrosion, Vol.  1, 2nd Ed. 8 NeWneS-BUtteE~~rthS, 
London and Boston. 
Morita, R. Y.8 and C. E. ZoBel l ,  1955, Occurrence of Bacteria i n  Pelagic  

Sediments C o l l e c t e d  during t h e  Mid-Pacific Expedition, Deep-sea Res., 

3 t66-73 . 
Zimmerman, R., and Meyer-Reil, L.-A., 1974, A New Method for Fluorescent 

Staining of Bacterial Populations on Membrane F i l t e r s :  K i e l ,  

Meeresforsch., V. 308 p. 24-27. 

Watson, S. W., T. J. Novitsky, 8. L. Quinby, and F. W. Valois, 1977, 
Determination of Bacterial Numbers and Bianass i n  t h e  Marine Environment, 
Appl.  Environ. MfCrObfOl., 33:940-946. 
NiSSenbaun, A., 19758 Microbiology and Biogeochemistry of t h e  Dead Sea, 
Mar. ECol., 2:139-161. 

246 

L 



APPENDIX I 
CORE INFORMATION 

THE CORE ANALYSIS DATA WHICH E’0LU)w WERE TAKEN FROM BAYOU CHOCTAW 
WELL REPORTS PREPARED FOR DOE. THE BRINE INJECTION WELL NO. 1 

REPORT WAS PREPARED BY GULF INTERSTATE ENGINEERING COMPANY, AND 

REPORTS FOR WELL NOS. 2 - 11 BY Lours RECORDS AND ASSOCIATES. 
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CORE INFORMATION 

No. of  Core Ft. Performed 
Well No. Depths ( f t . )  Ft. C u t  Samples Recovered Analyses 

Well No. 1 

Well No. 2 

Core /I 1 
Core /I 2 
Core /I. 3 
Core !I. 4 
Core il 5 
Core 1 6 
Core I 7 
Core # 8 
Core # 9 
Core t 10 
Core /I 11 
Core # 12 
Core # 1 3  
Core /I. 14 
Core I 15 
Core /I. 16 
Core # 17 
Core # 18 
Core I 19 
Core I 20 
Core I 21 
Core # 22 
Core # 23 
Sidewal l s  

Well No. 3 
Well No. 4 
Well No. 5 
Well No. 6 

Core I 1 
Core I 2 
Core I 3 
Sidewal l s  

Well No. 7 
Well No. 8 
Well No. 9 
Well No. 10 
Well No. 11 
Well No. 12 

Sidewal l s  Only 3694-6910 

4042-4062 
4062-4082 
4082-4 102 
4 102-4 122 
No d e p t h s  g iven .  

4463-4483 
4924-4944 
4944-4964 
4964-4984 
4984-5004 
5004-5024 
5024-5044 
5044-5064 
5191-5211 
5211-5231 
5392-$412 
54 12-5432 
6916-6930 
3970-7045 

Sidewal l s  Only 3765-7406 
Sidewa l l s  Only 6400-6575 
Sidewal l s  Only 51 10-5390 

4469-4489 
4489-4509 
4509-4529 
4015-4680 

Sidewal l s  Only 6640-6950 
No Sidewa l l s  
S idewal l s  Only 4384-4699 
Sidewa l l s  Only 3520-7380 
No Sidewal l s ,  No Cores 
No Data 
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20 
20 
20 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
14 

20 
20 
20 

24 

120 
127 
36 
48 

99 
53 

82 
84  

5 
15 
0 
5 

20 
20 
17 
18 
20 
18 
18 
18 
20 
20 
18 
19 
12 

19 
20 

5 

The 
Analys ts  

A l l  Others  
By Core 

Labora to r i e s  

k, 



dlDEWAU CORE ANALYSIS 

4 

COMPANY Gulf Interstate Engineering DATE 7-26-77 ' &E NO. B-7-77-368 

WELL F.E.A. Disposal Well NO. ,1 LOCATION ANALYST !jrnelker 

FIELD Bayou Choctaw CORES Dresser)SW REMARKS 

U 
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- 
SAL r c  

19 
- 

iC 

21. 

22 

23 

24 

I 

- 
D € c I I  

- 
6778 

6798 

6815 

6838 

6855 

6910 

‘CAUEA8II 
UILLIOAAI 

K L  

3800 

975 

NC .--- 

2250 

2600 

2325 

- 
rO IOS s - 
35. 

33. 

NAL 

34. 

33. 

33. I 

GAS 
.V 

VOLUI - 
4.3 

3.4 

IS -- 
4.3 

4.2 

14.8 

0. ( 

0. I 

.--- 

0. a 

0. a 

0. a 

WEiL F, E. A. Disposal Well # 1 - 
INTEICI 

TATIOI - 
Wate 

Wate 

Altei 
Core 
Wate 

Wate 

Gas  

Sd: MC NO Cut NO Flu0 

si: FG sli Silty NO c u t  
No Fluor 

Sd: MG NO Cut NO Fluo 

Sd: FG No C u t  No Fluoi 

Sd: F-MG No Cut NO 

Sd: F-MC NO Cut NO 
Fluor 

Fluor 

25 0 
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.. ... . ". . , " . . . . . . . . . ~ . ~~ . .._ . . . . . ..  

PAR'S 1 
CONVENTIONAL COBB ANALTSLS 

DOE - L O U I S  RECORDS 
B R I N E  I N J .  WELL No. 2 
BAYOU CHOCTAW 

GAS8 
BU&# PFGCPI PTION 

34 20 35.6 9698 
231 0 37.3 96,2 
6140 35.7 90,a 
57 90 34. 5 ' 94,s 
2880 34.4 92,7 

4042 ,O-43.0 
4043.0-44.0 
4044.0-45.0 
4046.0-47.0 
4048.0-49.0 
4049.0-62.0 

1 9 3  SD F-MG CLEAN 
I 9 4  SD P-MG CLEAN 
3 9 3  SD P-MG CLEAN 
1 9 4  SP F-MG CLEAN 
2.7 SD MG CLEAN 

LOST CORE 

h) , 
yl \ 
h, 4062.0-67 . 9 

4067.9-69 .O 
4069.0-70.0 
4010.0-74.0 
1074.0-77.0 
4071.0-82.0 

FOST CORE 
SHALE GY CALC 
SHALE GY (9Ot MUD) 
MUDCAKE 
SWALE CY CALC 
LOST CORE 

408 2 0-0 2 9 0 LOST CORE 

MST CORE 
SUAL'E CY SSLTV 
MUD 

4102.0-17.0 
4117.0-19. 2 
4119.2-22.0 

Q 



c c 

DOE - LOUXS RECORDS 
BRXNE XNJ. WELL No. 2 
BAYOU CHOCTAW 

BUbK . PBSCPIPTION 

h) 
VI 
W 

SHAFB 

1463.7-67.0 SHALE 

44 68 0-7 3 0 SNALE SSLTY 

4463.5-6'3.3 7 9 * 9  7r6 60 PG CbWM 

4467.0-68.0 7 7 9 9 .  797 SP VFG SSHY(LAM) 

4 473 . 0-74 . 0 8 20 32.4 85, a 4 * 4  SD VPG SSliY(btW) 
4474 o0-75mO 8 60 36- 4 90.7 3.4 SD FG CLEAN 
4475.0-76.0 120 36. 7 97.2 1.0 SD PG CLEAN 
4476.0-77-0 1530 36.5 84v2  5.8 SD FG SSHY 
4477,O-78.0 1740 34.9 65.9 4.9 SP PG CLEAN 

' 4478,0081 e 0  SP FG CLEAN (00, MODI 



4481 .0-82.0 
448 2.0-83.0 

4924.0-25.0 
4925.0-26.0 
4926.0-27,O 
4927.0-28,O 
4928.0- 29.0 
4929.0-30.0 
4930.0-31 00 
4931.0-32.0 
4932.0-33. 0 
4933.0-34.0 
4934 -0-35 
4935 , 0-36.0 
4 93 6 . 0- 37 . 0 
4 937 . 0- 38 . 0 
4938.0-39.0 
4939.0-40,O 
4940.0-41.0 
494 1 . 0-42.0 
4942.0-43.0 
4943.0-44.0 

4944.0-45.0 
4 945 . 0-46 . 0 
4946,O-47.0 
4947.0-50.0 

PERM MD W R  
HORZ(iQI) t 

27 29 

1960 
2700 
1500 
1770 
1600 
24 30 
1690 
I 96 0 
1500 
3770 
30 5 

76 
97 
IO 
10 

4 50 

64 5 

1470 
1310 

37, a .  

.37,  7 
38,8  
37.6 
37.4 
37.0 
30.2 
38.3 
39.6 
34. 4 
34.7 
37, 3 

36 .5 
31 e 0  
29.0 
30.9 
31,3 

33.5 

37.3 
37,9 

DOE - L O U I S  RECORDS 
B R I N E  I N J .  WELL N o .  2 

GAS0 BAYOU CHOCTAW 
BUbU PESCRI PTlON 

4.8 SD PG CLEAq 
LOST CORE 

5 ,J  SP MG CLEAN 
3.9 SD MG CLEAN 
3 , J  S D  MG CLEAN 
2,9 SD P-MG CLEAN 
0,8 S D  MG CLEAN 
3.6 S D  P-MG CLEAN 
6.0 SD MG CLEAN 
4,8 SD MG CLEAN 
3.5 SD MG CLEAN 
2, J SP PG CLEAN 
4.6 SD FG CLEAN 

3 .3  SD F G  SSHY-SHY(LAM) 
0.6 SD FG SSHY 

2,6 SD FG VSSHY(LAM) 
2,Q S D  PG VSSHY 

SD PG SSHY (809 MUD) 

0,q SD FG SSHY(LAM) 

SD FG CLEAN ( 8 0 %  MUD) 
$D FG S H Y ( 6 0 9  MUD) 

3,8  SD PG CLEAN 

4 ,4  S D  FG CLEAN 
395 SI) FG CLEAN 

SD FG SSHY (50% MUD) 
SD PG SSHY-SHY- ( 6 0 8  MUD) 

c c c 



c 

N 
01 
01 

3 3. 
3 3 4  

5005.0-08.0 33.. 3 
5008.O-09.0 28.6 
5009.0-10.0 27. I 
5010.0-31.0 
501 1 * 0-1 2.0 34 .d 
5 0 12 . 0-03.0 37.4 
5013.0-19.0 ' 33,2 
501 4 . 0-1 
501 6.0-1 26.2 
501 7.0-1 35.5 
5 0 1 8.0- 1 34.3 
501 9.0-2 38.4 
50 21.0- 2 28.4 
50 22 . 0-2 

895 27,s 
5 0  25.0-26 4 30 23,7 
50 26.0-27.0 
5027.0-28eO 
50 28 . 0- 29.0 
50 29.0-30.0 
5030.0-30.5 
5030 . 5- 31 . 0 35.4 

c c 

S 
89.8 . 3,4 s 
89,1 3 , )  s 
87.6 3 ? 4  s s 

96,8 1.2 6 

S 
8894 3,O 6 

959 6 a.5 s 
93.6 2 , l  s 

87,2. 4.6 
92.0 2.8 s 

D VPC SHY (60% MUD) . 
5 VPG SHY 
5 VPG SHY POSS 
3 V P G ~ V S H Y  SFOSS 
5 VPG S H Y  POSS ( 
9 VF-FG SHY 
3 F G ' S S H Y  
5 PG SHY FOSS 
D PG SHY SFOSS (60r MUD) 
D PG SHY SFOSS 
5 FG SHY 
D'VF-FG SSHY 

94; 6 2.3 SO VF-PG CLEAN 
86.0 * g t O  SO VF-PG SHY VFOSS to= CORE 

83.0 4.7 SD VPG SllY(LAM) FOSS 
77,e 5, 3 SO VPG SHY (LAM) POSS 

SHALE GY W/FG SP INCL 
SI1AFB OK CY L I G  SOY 
SHALE DK GY W/FG S D  INCL ~ 

SHALE GY SSOY 
SHALE GY-GRN GLAU SSDY 

84.4 5 ? 5  SO PG-SLTY 



4950.0-52.0 
495 2.0-53.0 
4953.0-55.0 
4 95 5 . 0-56.0 
4956.0-58.0 
4958.0-60.0 
4960.0-61 .O 
4961 .0-64.0 

DOE - L O U I S  RECORDS 
B R I N E  I N J .  WELL No .  2 
BAYOU CHOCTAW 

DESCPIPTlON -- - -I- --------------------_____________I_____ . 
SP VFG VStlY ( 6 9 1  MUP) 
SO FG S11Y FOSS (50% MIID) 
S D  PG SStlY (70% MUP) 
StWLP: SLTY 
SD PG SSHY (808 MUD) 
SD VFG SSHY (50% MUD) 
SOALB SLTY 
LOST CORE 

4964 -0-65.0 
4965.0-65.9 

h) 4966.6-67.0 

4973 . 0-77.8 
4977.9-79.0 
4979.0-80.0 
4980.0-81.0 
4981 . 0-82.0 
498 2.0-84.0 

4965.9-66.6 

VI Q, 4967.0-13.0 

39* a 9296 

35.7 9 2 ? 4  
389 1 91.7 
30 * 6  90.2 

SHALE GY 
PUD . 
SD VPG SSHY (25)  MUD) 
MUD 
SHALE GY 
SHALE GY SSLTY 

3.9 

2,7 SO VPG SSHY POSS 
3 * 2  S D  VPG SHY POSS 
3 9  O SD PG StlY FOSS 

SD PG SHY (50% MUD) 
MUD 

P 

, 

4984.0-05. 0 40.5 9 1 * 9  2,s SD PG CLEAN SPOSS 4985.0-86.0 
4986.0-87.0 

33.3 8 3 9 3  SP FG CLEAN 4987.0-88.0 
4 988 0-89.0 41,9 9 1 ~  1 SD PG CLEAN 
4989.0-90; 0 38.8 ' 83;9 SP FG ClLEAN 
4 9 9 0 . 0-9 J . D 35.6 89,2 3*8 6 D  FG CLEAN . 

2, J SD PG SSHY SFOSS (JOB MUD) 
SP FG SHY SFOSS (909 MUD) 

37.5 949 5 

B c 



c 

PERM MD POR 
DEPTH*- IlORZ(KA) % 

--.-----.---- ----- .--- 
5031 .0-32.0 
5032.0-33.0 
5033.0-34.0 

5035.0-36-0 
50 36 . 0-37 , 0 
5037.0-38.0 
5038.0-39.0 
5039.0-40.0 

504 1 Do-41 5 20 0 34.5 

50 34 0-35.0 

~ 0 4 0 ~ 0 - 4 ~ D O  

504 1 5-42-0 5.8 27.8 
5042.0-44,O 

h) 
VI 
4 5044.0-45.0 

5045.O-45,f 
504 5 . 5- 4 6 . 0 
504 6.0-48 . 0 
5048.0-52.0 
5052.0-55-0 
5055,0-56,0 
56!j6,0-59.0 
$059,0-60,0 
5060.6-61 0 
5 0 6 )  0-62.0 . 
5062.0-64-0 

51 91 0-0 2.0 

c c 

DOE - LOUIS RECORDS 
as% B R I N E  INJ. WELL No. 2 
SUSF P $ E R I  PTlON BAYOU CHOCTAW 
--.I .............................. 

. .  
6.1 SD PG CLEAN 
2.8 SP PG CLEAN 
6.7 I SD VP-PG VSLTY ' 

4.4 SD VP-FG VSLTU' 
SHALE GY SLTY 

6.1 SILT VSHY 
2.5 SILT VSHY(LAM) 
3.2 SD VFG VStlY 
3.1 SD VPG VSHY f t l G  
4.6 SD VFG VSHY L I C  
3.4 ?SD VFG SSHY SLTY 
4, J SD VPG SSIIY-SHY SLTY 

LOST cope 

SD VFG SSHY (808 MUD) 
SHALE GY 
SHALE GY SSLTY 
SllALE GY 
SHALE GY SPOSS 
SIIALE GY 
Sl lALE GY FOSS 
LOST CORE 

6HALE GY SLTY GCAGC 



DEPTH 

5202.0-03,O 
5 2 0 3 . 0-0 4 . 0 . 
5204.0-05.0 
5205.0-06.0 
52 0 6 . 0-0 7 . 0 
5201.0-08,O 
5 208 . 0-09 . 0 
5209.0-10.0 
52 1 0 . 0- 1 1 . 0 

5 21 I . 0-1 2 . 0 
5 21 2 . 0-1 3.0 
5213.0-14.0 
52  1 4  . 0-1 5,o 
52 I 5 . 0- 1 6 . 0 
5216.0-37.0 
5217.0-18,O 
5218.0-19.0 
521 9 . 0 - a ~  n 
5 2 20 . 0- 21 . 0 
5 2  2 I . 0- 22.0 
5222.0-23.0 
5223.0-24.0 
5224.0-25.0 
52 25 , 0-26.0 
5226.0-27.0 
5 2 27 . 0- 28 . 0 
5228.0-29.0 
5229.0-30.0 

h) 
UI 
Q) 

5 2 30 . 0-31 . n 

PERM MD 
(I@) 

---I-- 

415 
745 
2 50 
97 5 
31 5 

96 5 

920 
1340 
110 
810 
335 
34 5 
8 25 
48 5 
170 

J 240 
32 5 
2 95 
38 0 
215 

1580 
1360  . 
2420 
1090 

92 5 
545 

POR 
% 

37. I 
37.2 
38.8 
38.4 
38.6 

3 8 . 1  

---- 

31 , I  
29.5 
35*  3 
3 5 * 1  
35,J 
34. 4 
38, 1 
38.3 
36,7 
28,7 
36.0 
37. 1 
32.7 
33.7 
33.0 
33. 2 
33.3 
32.8 
24.2 
25.0 

WT 8% 
FOR$ 

94.3 
84.8 
91.3 
88.2 
90,5 

94r 3 

-- -- 

80,O 
90.0 
969 6 
96.4 
94.5 
95.4 
87,5 
81.7 
87.1 
94.9 
95.5 
93, 4 
91.7 
9391 
85.9 
87,8 
88.0 
92.3 
9 1 * 3  
a 4 * 4  

DOE- LOUIS RECORDS 
B R I N E  I N J .  WELL No. 2 
BAYOU CHOCTAW 

PFSCRT FTION 

2 ? 1  SD PG VSSNY 
'4,2. SD PG CLEAtj 
3,4 SP PG CLEAW 
4,6 SO PG CbEAtl 
3 ? 7  SD PG CLEAN 

2,3 SD PG CLEAN 
SHAbF GY SLTY SDY 

SUALE GY 
SHALE W/TR PG SR 

6.2 SD FG SSLTY 
3,O SD PG CLEAN 
J . 2  SD PG CLEAN 
J r 3 .  SD VF-FG SSLTY 
J . 9  SD VF-PG CLEhN 

4,8 SD VFG CLEAN 
4,l S D  VF-FG CLEAN 
4,s  SD FC CLEAN- 
1 . 5  SP VFG CLEAtj 
1,6 SD FG CLEAN 
2.5 SD PG CLEAN 
2.3 SD FG CLEAN 

' 2 - 3  SD PG CLEAN 
4,7 SD FG CLEAN 
4.1 SD FG CLEAN 
4,O SD FG C L E W  
2-5  SD FG CLEAN 
2,J SD Vp-PG VSHY(tAM) SSLTY 
3,9 SD FG SYY-VSHY SSLTY 

1.6 SD VPG SSLTY 

-2 

c c 



PERM WP POR 
DEPTH H O R Z ( w i )  8 

--------u -.e--- -e-- 

5392.0-93.0 115 36v1 
5 3 93 0-94 0 20 00 39.0 
5 3 94 0-95 0 1270 34; 5 
5395 r0-96. 0 1060 33.5 
5396 . 0-97i 0 38 5 36.0 
5397 .0-98.0 545 34.6 
5398 *0-99*0 3 30 37* 4 
53 99.0-0 0 . 0 210 34.9 
54 0 0.0-0 1 . 0 26 0 32.6 
5401.0-02,O 29 26;-2 
5402,O-03.0 705 34.4 
5403 .O-04-0 

5405.0-06.0 
540 6 0-07 0 
5407 0-08.0 
5408.0-09.0 
5409.0-10.0 

5404.0-05.0 340' , 37.2 

I 

9517 
90.3 
96; 6 
95,2 
8917 
93t  3 
86p3 
88.7 
95.2 
92.6 
8416. 
93,7 
84.1 
90.9 
96.1 
91.7 
85,4 
88. c 

I t 6  SP FG CLBAN 

J.6 SP PG CLEAN ' 

3?7' SQ PG CLEAN 
2*3 SP PG CLEAU 
5 , l  SD PG CLEArJ . 
3.9 SD PG CLEAN . 
J,6 Sa FG SLTY 
1.9 SD'PG SLTY 
5.3 SD PG CLEAN 
1.9 SD PG' CLEAN 
5,9 SD FG CGEAH 
2.5 SO PG GSLTY 

2.6 SD FG SSHY(LAM) 
4 . 4  SO PG CLEAN 
3.5 SD FG SSBY(LAM) 

390 SP PG CLWW 
1 9 2 8P FG CkEAN 

1 . 1  $0 FG SSHY(bAM) 

' COST CORE 



I _  . . 1 1 1  . . . . . .  ,. 

5412.0-) 3,O 
5433.0-1 9.0 
5414.0-15.0 
5415.0-16,O 
5416.0-1 7.0 
5417.0-18.0 
5418.0-19.0 
5 4 1 9 . 0-20.0 
5420.0-21.0 
5421.0-22.5 
5422.5-23.5 
5 42 3 . 5- 26 . 0 

h) 5426.0-27.0 
0 5427.0-28 .O 

5428.0-29.0 
5429.0-30.0 
5430 . 0-31 . 5 
5431 . 5-32.0 

o\ 

6916.0-17.0 
691 7 . 0-1 8 . 0 
6918.0-19.0 
691  9.0-20,O 

PERM MD 
HOR2 (KA) 
-----I-- 

180Q 
1510 

845 
1750 
2120 
10 50 
1360 
1620 
1620 
1520 
J050 

23 
97 0 
9 30 

1020 
1700 

3890 
4230 
2810 
2 950 

POR 
a 
-e- 

38.1 
34,8 
35.5 
36, 3 
34 -7  
35.6 
35.3 
35,8 
35.6 
36 -3  
37.1 

24.4 
36.2 
35.7 
36.5 
36.9 

33.0 
32,4 
32.7 
35.3 

5.5 SP FG CLEAN 
198 SP FG VSSHY(LAM) 
1.4 S P  FG C L E W  
2.1 SP PG CLEAH 
4 r 4  S D  FG CLZAtj 
2rQ S D  PG CLEAN SFOSS 
4.2 SP FG CLEAy SPOSS 
2.6 SD PG CLEAN SFOSS 

4.2 S D  FG CLEAH SFOSS 
2.4 SD PG C L E A ~ ~  

492 SP PG VSSHY(FAM) 
MUD 
S D  PG W/MANY SHALE INCE 4.5 

1,8 S D  PG CLEAN 
1 ,I) SP PC CLEAN 
1.5 SO FG CLEAN 

197 SP P G C L W M  

LOSp CORE 

3 ~ 5  SP MC C L E W  
4.6 SO MG CLEAN 
594 SD MG CLEAN 
8.1 SD MG CLEAN 

Q 



c 

PERM MO POR WPP) 
PQPPI 
.-.-a 

DEPTH HORZ(SA)  t ---------- -------- 0-0 

6920 0-21 c 0 4200 33.8 8 3 4  . 
6921 0122.0 4330 33* 7 83. I 
6922.0-23, 0 3310 33.3 
6923mO-24.0 3780 33.4 
6924.0-25.0 4270 33.9 83,8 
6925.0-26.0 4220 32m4 83.6 
6926-0-27.0 ' 4490 32,9 90, 5 
6927 0-28 0 0 4530 3196 9193 

g:; 

6928 . 0-30 . 0 

c c 

. .  



REC DEPTH 
IN PEW 

3970.0 

1.0 4067.0 
1.0 4077.0 

l e 3  4120.0 

1 . 3  4150.0 

4170.0 
h, 

h, 
cn 

0 . 3  4190.0 

J . 0  , 4210.0 

1 . 3  4520.0 

1 . 3  455090 

J.3 4580.0 

0 . 5  4650.0 

0 . 5  4670.0 

J . 0  4690.0 

1 .0  4920.0 

,3600 3113 
4500 32, 1 

0.1 15.9 

4600 33.5 

5600 35.6 

30 00 33.6 

3600 32,9 . 

2700 32.3 

2SOTl 3J15 

2200 32.9  

1100 31.2 

WTRI 
PORE 
-.-.-.I 

89 .7  
90,2 

05.0 

*92,4 

\ 

89,3 

8 4 9 5  

92.8 

91 ,a :  

84.6  

8 4 . 5  

85.6 

GAS% 
BULK 

3.2 
3.2 

2,4 

EMPTY BOTTLE 

SD P-MG CLEW 
SP H-CG CLEAM 

S l E T  VSHYfLAY) d A U !  
214 SP HG CLEAN 

EMPTY BOTTLE 

. ;P MG CCeAN CALC 

310  SO MG CLEAN, 

5 ?  2 SP P-MG CLEAN 

2.4 P P-K; CLeAY 

2?7 SP P-MG CZIFAN 

Y U DCAKE 

D’F-MG SSLTY 410 

5.1 S O  PG CLEhN 

9.5 ‘ SD VF-PG CLEAY 

E c 



G c c 

DOE - LOUIS RECORDS 
BRINE I N J .  WELL No 2 

p$SCRj PTIW BAYOU CHOCTAW 
R E  DEPTH PERM ?OR WPI G h  6) 
I N  FEET MD 4 *I * *ORB BUbK ---~---~---~------------ ----? ---- -- .--I- -I-- .--- 

85 .3  4 9  9 SD VP-PO CLEW 

80.1 ' 5 .2  SO PG SHY ' 

1.0 4960.0 8 O p 4  . 4 r 9  f;p VP-PG SHI(LAM) C A W  

SD PG VSSHY 83.9 5,o 

9QqO 

1.2 5010.0 1250 91.3 SO VPG CLP;AN . 

1.0 5100.0 750 30.7 94t 5 4.7 
SP VPG CLEAN 

199 S D  VFG SSLTY 
1.0 5120.0 1400 31.4 9398 

SD VPG VStW(L 
1.0 5130.0 1650 34t2  89.5 3.6 

EHPTY f3OW&E 
1.2 5215.0 9.8 48.4 69.8 5 t  5 

h) EMPTY BO"'l'bB 
SO VP-PG CLEAN 1 0 6.4 

2 8 5.3 

0 1250 31.5 92.1 2.5 

1.0 5110.0 185 27.3 76*3  . b t 5  SP VPG SSHY VSLTY CAW 

rn w 

30.7 8 5 t l  4 t 6  
1.0 5410.0 900 32.2 84.1 5.1 
1.0 5420.0 2750 34.1 83.3 5.7 
1.0  5425.0 440 28 ? 8  8 2.6 5.0 

' SD VFG SLTY 
SD VF-FG SSLTY 
S D  VFG SLTY 
SP VF-PG WEAN 1.0 5430.0 1550 33? 3 75.5 8.a 

1.0 5450?0 1200 32,O 

1.0 5470.0 2750 32.1 

79tO 

94.3 

6.7 S D  VFG S S L W  

J*8 SD FG CtEAN 



. 

R EC 
IN 

JA SI 
f3U EK 
--c C I  

SP PG CJXAN 1.0 84.6 

81.4 

5660.0 1900 

5680.0 2200 

5700.0 

5720.0 2500 

5740.0 
1, 
I 

SP PG CWAtl . 1.0 

0. 5 

1.0 80.8 6.3 60 PG CkEAH 

SP PG CkEAtj 

4UDCAI(B 
jP FG CLpICIN(50% MUD) 
30 p4  CLFRN 

SD PG CLEW 
SD VF-PG CEEAq 
Y U DC AKE 
i D  FG CLEAN(601 MUD) 

SD VF-PG CLEAN 
SD VPG CLEAH 
.SD VP-FG CLl?ArJ 

SP VPG G E A N  

SD PG C&J?AW 
SD VPG VSLTY 
SD FC CLEAN 
SD FG CLEAN SCALC 
EMPTY B W L E  
SO FS; C'LFAN 

SD VPG sny SCALC 

0. 5 
00 5 
1.0 

0.8 
h) 1.0 

0.1 
0.1 

1 .o 
1.0 
1.0 

m 
10 

58 20.0 
5830.0 
5840.0 

6230.0 
6240.0 
6250.0 
6260.0 

6 360.0 
6 370.0 
6 380.0 

6510.0 
6520.0 
6530.0 
6540.0 
6 550.0 
6560.0 
6 570.0 
6580.0 

1700 

1870 
20 50 

1500 
1400 
I100 

1380 
69  

2300 
64 

2200 
22 50 

1670 

5.7 

6. 7 
5 t 6  

80.5 
91 9 3  
92.9 

6.5 

2.3 

4.3 
I ?  3 

5,9 
4.9 
6.2 

2.8 

3.2 

87.0 
82.6 
90.9 
78.8 
85.5 
81 96 

90.9 3.0 



B c c 

DOE - LOUIS RECORDS 
GAS$ BRINE I N J .  WELL N0.2 REC DEPTH PERM. POP WTW ' 

I N  FEET M D ( 9  I> ESCRI PTJ Otj BAYOU CHOCTAW -."--~-.--~-------~------- PO€@ RULK --- "e- --0 ----..-- -_-e- --- 
1.0 6590.0 1370 32.8 87.3 ' 4 * 2  SD PG CCIEAN 

SP P-MG CCBAN 
SP VP-PG SLTY 

0.5 6620.0 520 29.5 6 J r 3  l l r 4  SD VPG SSLTY 
SP VPG CLWN 
SP PG SSLTY 

1.0 6600.0 2600 34,4 82.5 6?1 
1.0 6610.0 225 27? 5 82.6 4 1  8 

0.5 6630.0 1150 32.8 7995 e? 7 
81 r 9  5 t  9 

5,s VFG SHY SSLTY 
S D  PG CLEAN 94r1  a q 9  

81 09 fir I 
83.2 5.5 
76 .6 4 ? 0  
87.7 4 r 3  
84. 4 4 

4 1  06 4r 9 
85.3 5 ,  J 

0.5 6105.0 8 9 * 2  3.6 

SD VPG CLWN SCALC . .  
Sd VFG CLEAN SCALC 

81 r l  6*3 30 VF-FG CLEAN SCALC 

SD PG C&EAN 
3D FG CLEAN 

82.8 5.9 SD'P'G CLEAN 
90,s 3, a SD PG CLEAN 

. 8806  4r 2 SD VP-PG CLEAN 
0.5 '6830. 90, 1 3*2 S D  FG CLEAY 

SD PG CLBAN 
0.5 6840. 86,6 4.5 4D F G  CLEAN 
0.8 6845.0 1 4 2 0  34.2 90,o 3 * 4  5 D  FG CLEAN 
0.5 6850.0 4 30 27.3 93,3 J.8 SD VPG SLTY 
0 .5  6855,O 1050 32.0 89.9 3,21 SD FG CLEAN 
0.8 1480 34.8 87.0 4.5 SD VPG CLEAH 

0.8 6810.0 86.3 2 * 9  S I L T  VSHY(LAM) VCAU: 

88.2 3 t 6  

30 FG CLEAY 
!4U DCAKE 

0.5 2200 34.7 88,2 4.1 
0.3 6885. 



R E C  
I N  
--.- 

0.5 
0.5 
0.5' 
1.0 

Ow5 

O w 5  
0.3 

O w 5  
O w 3  
0.5 
O w 3  
1 .o 
0.8 

OI 0.5 
Om 5 
0.8 
1 W O  

1 .o 
0.8 
0.8 
I .o 
1.3 
1.8 
I .o 

g 1.0 

DEPTH 
PEE1' ------ 
6890.0 
6895.0 
6900.0 
6904.0 
691 0.0 
6914.0 
6910.0 
6922.0 
6926.0 
6930 . 0 
6935.0 
6940.0 
6945.0 
6950.0 
6960.0 
6965.0 
6970.0 
6975.0 
6980.0 

6997.0 
7007.0 
7018 .O 
7025.0 
7030.0 
7035.0 
7040.0 
7045.0 

698 5. o 

PERM 
MD(*) 
---I- 

2900 
1020 

5 600 

6 500 

5600 

7 50 

4500 
2200 
21 0 

I310  
900 
160 
990 

1100 
2 55 

1400 
1850 

30 0 
5 20 

POR 
a ---- 

34r 2 

35,8 

30r2  

3 1 9  6 

34r 7 

30.0 

34r4 
33,6 
26.0 

3 o r 2  
30-8 
28 .I  
30 9 6  
3094 
28 .$ 
32. 7 
34.7 
27,6 
27.7 

87r 9 

91r3 * 

87.9 

78.5 

869 $ 
8 2 9 0  

87,5 
81.8 
84.7 
88.9 
90. I 
86,7 
84.3 
80.5 
77,s 
75.6 

DOE - LOUIS RECORDS 
BRINE INJ. WELL No.2 

PFscPT PTIoN BAYOU CHOCTAW 

SD P-blG CGEAtJ 
SD VFG CCRArJ 
M ODCA EE 
SD HG CLBAN 
BMFTY BOTTLE 
SD CG CLEAN 
WPTY B ~ T T L E :  
HUDCAEE 
MUD W/TR FG SD 
EMPTY BoTTLE 
SD M-CG CtEAy 
MUocAEE 
SD HG SLTY 
SP MG CLEAN 
SD P-MG CLEAV 
SO PG LIG(LAM) 
SD FG SIiY {LAM) 
MUD W/TR PG SD 
SD PG CLEAN 
SD FQ CLEAN 
SD VPG SIIY(LAM) 
SP PG VSSHY 
6P VP-FG CLEAN 
SD PG-SHY 

SD PG CLEAN 
SD VP-PG SSHY(LAM) 
SO VF-FG SSliY(LAM) 

SD PG cLew 

i 

1 

c c 



c c 

SIDE WALL CORE ANALYSlS DOE - LOUIS RECORDS 
BRINE INJ. WELL No. 3 

IIEC DEPTH P EHII POH WP R% GAS % CRIT BAYOU CHOCTAW 
I N  F E &‘ls &lo(*) . % PORE dJLU wrR% DESCRIPTION 

-e-- ---- -e- --e-.-.e-neee-.n”e---n--.---.-------- ---. -e-.-.-.-- .--.---.-- ---. 

1.0 3765.0 1550 83.3 5.1’ 35 SD PG CLEAt4 CALC NO FLU 
1.2 3770.0 86.3 4.3 35 SD FG CLEAN CALC NO FLU 
1.2 : 3780,0< 86.8 4 . 1  35 SD F G  CLEAN CALC NO FLU 

1.0‘ 301000 

1.0 3030.0 

2500 31.8 

3800 31.9 

85.4 

88.8 
r .  

4.6 , 

3.6 

N CALC NO FLU 

Atd CALC NO FLU 

32 8 8  3.8 35 SD F+lG CLEAN CA 

31  89 3. 3 

31.5 89.6 3. 3, 

32.0 8 5 . 0  4.8 

32.1 86.5 4.3 
N m 
-I 

5500 33.0 83.8 5.4 CLEAN NO FLU 

33.3 88.9 3. 7 CLEAN NO FLU 
0.2 4190.0 ’ ,  SD PG SSLTY NO FLU ’ 

0.5 421.0.OV 

0.5 4360.0 it 1900 I 31.1 850’1 4.4 

SD C-MG W/PPBBLES NO FLU 

35 SD PG CLEAN CALC NO FLU 



. . . . . ..__ "-I. .. . . . . . .. ... - ~ ~ ~ ~ ~ .  .... _. ." ll.l. . 

1.0 4410.0 1383 30. 6 

1.0 4430.0 2050 31.0 

4450.0 

' 0 . 8  4470.0 1300 30.1 

0.5 4500.0 

4520.0 

4550.0 

h) QI 0.3 4580.0 2700 32.2 
03 

3600.0 
4610.0 
4620.0 
4630.0 

1.0 4640.0 2460  31.9 

L . 0  4660.0 2230 31. 6 

L O O  4680.0 5 1 0 ~  33. 8 
1.0 4690.0 2703 33. 3 

1.0 4720.0 2500 31.0 

1.0 4920.0 2840 3 3 .  1 
0.5 4930.0 2230 32.0 

4670.0 

WFRO 
PORE 
--.-.e 

81.8 

83.5 

79.6 

85. 2 

86.8 

90.5 

87.8 
82.9 

84.7 

92.3 
87.2 

4 * 8  

4.2 

3. 0 

4 . 1  
5.7  

4 . 7  

2 , s  
4 . 1  

35 SD VF-FG SSLTY CALC NO FLU 

35 SO FG CLEAN NO FLU 

E13 FTY B OTTL 6 

35 SO FG V S S H Y  NO FLU 

M U  DCAKE 

EMPTY 001"CLE 

EMPTY B0"LE . 
36 SD F-MG CLEAN NO FLU 

EMPTY BOTTLE 
EMPTY BOTTLE 
EMP1Y BOTTLE 
EMPTY BOTTLE 

36 3D F'-t*fG CLEAN NO FLU 

15 SO F-MG CLEhN NO FLU 

'17 SD IYG'CLEAN NO FLU 
'37 SO MG SSllY (LAM) CALC' NO FLU 

35 30 14G CLEAN NO FLU 

3 7  SO FG CLEAN NO FLU 
36 SD F-MG CLEAN NO FLU 

EMPTY BOTTLE 



c c 

1.0 4980.0 3?00 32.5 04.6 

c 

DOE - LOUIS RECORDS 
BRINE I N J .  WELL No.3 

G A S %  G A S  CRIT BAYOU CHOCTAW 
BULK UET IJPR% OESCRI PTION 
.I- _L .--.e " I - . L I I u " I I I " 1 " I I I ~ - . ~ ~ I ~ ~ I - - - - - - -  

5.0 0 36 SO F-I% CLEAN NO FLU 

90.7 2.9 0 35 SD FG CLEAN NO FLU 
0 SHALE CALC 

82, a 4.1 0 60 SO VFG SllY(LAM) NO FLU 

90-3  3.0 0 35 SO MG CLEAN NO FLU 

1.0 5200.0 1750 30. 8 88.9 3.4 0 35 s N NO FLU 

1.3 5227.0 . 4 . 1  19.1 76.2 4.6 0 70 SD VFG VSHY SLTY NO FLU 

83.6. 5 * 4  0 36 SD MG CLEAN NO FLU 

1.3 5190.0 3,O 18.1 87.0 2.4 0; 69 SO FG VSHY LMY NO FLU 

N m 
1.3  5430.0 2.6 16.1 

1.2 5400.0 1820. 32.3 88.9 3.6 0 36 S O  VF-FG CLEAN 'NO FLU 

2.1 0 66 S O  VFG VSHY NO FLU 86.8 

L.3 5488.0 . 

1.2 5476.0 3000 33.9 89.5 3.6 0 37 SD FG CLEAN SFOSS NO FLU 

0 SHALE CALC 

1.2 5670.0 3600 33.2 
1.2 5680.0 4600 33. 0 
1.0 I 5690.0 3370 33. 5 
0.2 5700.0 
0.3 5707.0 

1.0 5720.0 2960 33. 2 
1.0 5727.0 4.8 19.5 

1.0 6130.0 2420  310 5 

90.8 3.1 0 36 SD F-MG CLEAN'NO PLU 
91.4 2.8 0 36 S O  MG CLEAN NO FLU 
88.5 3.9 0 37 SO FG CLEM NO FLU 

0 SO F-MG CLEAN NO FLU 
0 SD F-MG CLEAN NO FLU 

86.7 4.4 0 37 SD F-MG CLEAN NO FLU 
84.6 3.0 0 7 0  SD VFG VSHY(LAM) SLTY C A E  NO FLU 

. 

86.8 4 . 1  0 35 SD FG CLEAN SCALC NO FLU 

, 



. ~ ~~i . . .. . - ,  _ _  . ... . . .. -. .. . . .~... . . - ... . . . . . . . -.___"I_ . .. . . . ~~~ . - . . . .  

DOE - LOUIS RECORDS 
BRINE INJ. WELL No.3 

GAS% GAS C R I T  BAYOU CHOCTAW 
UULK DET W F R %  DESCRIPTION --- -u --.a ............................... 

4 - 0  0 6 8  SD VF-FG VSHY(LAM) SFOSS NO FLU 

4.1 0 36 SD FG CLEAN NO FLU 
6.0 0 36 SD FG VSSIlY NO FLU 
3.3 0 65 SD F G  VSLTY LMY(HARD) MIN FLU 
6.3 0 3 9  SD F G  VSSHY SLTY SLMY SPTS N I N  FLU 

7 - 9  0 6 6  SO F G  VSHY SFOSS SPT MIN F L U  

HEC 
IN ---- 

DEPTH 
F EE1' 

P EHM 
hill (*)  

POR 
% 

WI'R% 
PORE 
--e- ---- --- 

1.2 6140.0 

6190.0 
6200 . 0 
6210.0 
6220.0 

, 3.6 20.3 76.6 

87.5 
81.0 
79.2 
77.5 

1.3 
1.2 
1.0 
1.0 

3100 
2 280 

420 
3 .  5 

33.2 
31.9 
15.9 
27.0 

' 1.3 6234.0 6.9 18.5 : 57.1 

1.2 
1.2 

L.0 

6320.0 
6 330.0 

6342.0 

26 50 
1 8 0 0  

1 8 0  

3 300 
2 900 
4 6 0 0  
26 50 
3440 
I320 
3 460 

2 40 
2 6 1 0  
32 30 
1 4 2 0  
2700  

1.3 

32.4 
31.6 

86.2 
83.6 

,4.5 0 36  SO FG CLEAN NO FLU 
5.2 0 36 S D  FG SLTY NO FLU 

5.7 0 46 S D  FG SHY NO FLU 

4.4 0 36 SD MG CLEAN NO'FLU 
4.8 0 3 1  SD FG CLEAN NO FLU 
4.3 0 37 SD F-MG CLEAN NO FLU 

3.4 0 36 SD MG CLCACJ NO F L U ( 1  EMPTY BOTTLE) 
3.7 0 36 S D  FG SSLTY NO FLU 

26.7 78.8 

L.0 
4 1.0 
0 1.0 
N 

6470.0 
6480.0 
6490.0 
6500.0 
6510.0 
6520.0 
6530.0 
6540.0 
6550 .  U 
6560.0 
6570.0 
6S80.0 
6590.0 
6599.0 

32.6 
33.7 
34.1 
32.7 
33.0 * 

32.9 
33.1 
28.5 
32.7 

86.5 
05.7 
87.3 
88.6 
89.7 
85.0 
86.6 
85.2- 
84.9' 
90.2 
88.5 
85.0 
82.1 

83.3 
77.1 
73.7 

a. 0 
' 1.3 

1.0 
1.0 
0.9 
1.0 
1.0 
1.0 
1.0 
1.2 
0.3 

9.5 
1.0 
1.0 

4.9 ,o 
4.4 0 
4.2 0 
4.9 0 
3.2 0 
3.7 0 
4.9 0 
3. 3 0 

0 

36 SD F-XG CLEAN NO FLU I 

36 SD F-MG CLEAN NO F L U  
4 4  SD VFG VSLTY NO FLU 
36 SD F-NG SSLTY NO'FLU 
36 SD F-I.(G CLEAN NO FLU 
36 SD VF-FG SSLTY NO FLU 
36 SD FG SSLTY NO FLU 
7 2  S I L T  VSIiY(LAM) VCALC NO FLU 

Sl lALE SDY VCALC NO FLU 

36 SD FG SSLTY NO FLU 
43 SL3 FG SHY(LAM) SCALC NO FLU 
6 2  SD FG SHY(LAM) CALC NO FLU 

32.8 
11.7 
32.6 
18.6 

6720.0 
6730.0 
6741.0 

2 540 32.0 
1 5 5  26.5 

26 23.2 

5.3 0 
6.1 0 
6.1 0 

d c c 



e 

1.0 6770.0 
1.0 6775.6 
1.0 6780.0 
1.0 6790.0 
0.5 6732.0 
1.0 6UO0,O 
1.0 6810.0 2250 31.6 
0.u 682h.o 0.6 17.1 
1.2 6027.0 
1.4 6n31.0 110 26. 3 
1.0 6319.0 6400 34.9 

h, 0 - 8  6860.0 5300 33.3 
4 c., 0.5 687n.o 310 27.9 

27.2 
1.0 6890.0 3200 205 I 33.0 
0.4 6SBO.O 

1.0 6920.0 3140 . 32.5 
0.5 6929.0 33.0 
1.0 6940.0 33. 1 
1.0 69SO.O 1500 31.6 

6SSO.O 

1.0 t9oo.o 3020 . 3 2 . 6 .  
1.2 6910.0 4250 1 3403 

1.0 6965.0 2 30 27.0 
6970.0 

1.1 6975.0 
1.0 6331.0 3.9 18.3 
1.0 6935.0 12i) 2'1.5 
3.4 6939.0 
1.0 6932.0 2830 32.7 

c 

0.5 6750.0 3330 3 3 .  8 90.9 
1.0 6754.0 3280 3 3.7 91.5 
0.5 6759.0 2900 3 3.1 86.2 

95.0 
92.2 
88.4 
90.9 
85.0 
91.4 
84.6 
71.5 * 

76.2 
87.7 

90.3 
84.2 
85.2 
78.7 
79.5 
80.9 " 

85.2 
85.7 
84.5 
83.1 
75.7 

75.0 
76.1 

93.6 

c 

DOE - LOCIS RECORDS 
B R I N E  1 S J .  !;ELL So.3 

%AS% SAS CRIT RAIOC CIIOCTAG: 
U U L K  DET W F R %  DESCRIPTION 

3 . 1  0 37 3 0  PG CLEAN NO FLU 
2.9 0 37 SD FG CLEAN NO FLU 
4.6 0 36 SD VF-FG CLEAN NO FLU 
1.6 0 36 SD VP-FG CLEAN NO FLU 
2.6 0 36 SO FG CLEAN NO FLU 

3.0 0 36 SD VF-FG SSLTY NO FLU 

2.7 0 15 SD PG SSLTY NO FLU 
4.9 0 35 SD FG SSLTY NO FLU 
4.9 0 72 SD FG VSHY 140 FLU 

. o  SIIALE VSSDY NO FLU 
6.3 0 51 30 VFC SHY(LAE1) NO FLU 
4 .3  0 38 SO M-CG CLEAN NO FLU 

3.3 0 37 SD ?lG CLEAN NO FLU' 
4 . 4  0 42 SO VF-FG VSLTY No F L U  
4.0 0 42 SO VFG VSLTY NO FLU 
7.0 0 36 SD F Y G  CLEAN NO FLU 
6.7 0 36 S O  F-HG SSLTY NO FLU 
6.6 0 37 SO F-MG CLEAN NO F L U  
4.8 0 35 SD F 4 G  CLEAN NO F L U  
4.7 0 35 SD FG CLEAN NO FLU 
5.1 0 36 S D  F44G SSLTY NO F L U  
5.3 0 36 S O  VF-FG SSLTY #O FLU 
6.6 0 4 4  S O  VP-FC SSHY-SHY NO FLU 

3 * 8  0 37 S O  F G  SLTY 1.IO FLU 

4.8 o 37 SO VFG ssuw NO FLU 

EMPTY BOTTLE ' 

E Y e w  m m r t E  
0 SHALE SLMY 

4.6 0 68  SD VF-FC SHY-VSHY VLYY(LAV) SPT MIN 
6.6 0 5 1  SD VF-FG SSHY LMY NO FLU 

0 MUDCAKE W/'I'R FG $0 
3.4 0 35 SD FG CLEAN NO FLU 



REC 
I id 
--I- 

1. o 
1.0 
1.2 

1 .3  
I .  0 
1.0 

1.0 

3 1  70 32. 9 
2910 3 2 . 6  

34 23.6 
3 190 320  9 
4 0 2 0  34. 2 

5700 34. t3 

DOE - LOUIS RECORDS 
BRINE I N J  . WELL No. 3 

s 4 S %  ;AS CR1.r BAYOU ChOCTAW 
BULK O E P  %gJPR$ DESCRIP'l'IOt4 --- --.. --a -_--------I---LIIu-------------"-- 

0 IlUDCAKE W / r R  FG SD 

5.4 0 36 SD FG CLEAN NO FLU 
2.6 0 36 SD F+4C CLEALJ CALC NO FLU 

6.0 0 60 SO VFG SHY(LRM) NO FLU 

4.3 0 37 SD MG CLEAN NO FLU 

5 . 3  0 78 SD MG CLEAN(W/PEUBLES) CALC NO FLU 

3.2 0 36 SO F-IYG CLEAN NO F L U  

E ?lP TY D OTTL E 

3.9 0 37 SD YG CLEAN SCALC rJ0 FLU 
2 . 3  0 35 SD FG SSMY SCALC NO' FLU 

0 SO FG CLEAN CALC NO FLU 
4 . 2  0 37 S O  FG CLEAN NO FLU 

DEPTNS DOUBLE SHOT:4210,4360,65tO86792,6850 

n 
STOP 

(68 LOW 2 EWEAUILI'l'Y 
( *) PEiWGiBILt ' l 'Y  VALUES FOR PEHCUSSIOLJ TYPE SIDEHALL CORES DETERHINEO EYPIRICALoLY. 

WTE: CRIT  WCRa IS Ad ES'l'IWI\TE OF THE MAXIWM NATER EACH SAMPLE COULD CONTAIN I N  THE FORMATION IC 
I T  I S  ~IYDROCAHOOlV PRODUCI'LVE. IT I S  SOLELY DEPENDENT UPON TRE PERMEABILITY AND POROSITY AND H A S  
RELATLONSII11' '1Q ' W E  WATER 8 PORE MEASURED I N  THE SAMPLE. I N  PRODUCTIVE ZONES THE W4'FER SPl'l'i)RA'rIOf< 
CALCULATED FROM THE INDUCPIOtJ LOG TRUE RESIS'l'IVI'L'Y SHOULD BE LESS THAN THE CRIT ICAL  W4l'ER. 

. 
c- c c 



c 

DOE - LOUIS RECORDS S I D E  WALL C O R €  ANALYSIS  BRINE INJ. WELL No.4 

6 4 0 0 . 0  8.5  2 0 . 3  
6 4 0 5 a O  1 6 0  2 7 . 3  
64 10.0 
64 15.0 46 24.0 
6420.0  9 6 0  30.0 
6425 .0  1650 33 .  3 
6430 .0  lGO0 32. 3 
6535 .0  1700 3 3 .  1 
6440 .0  3000  3 4 * 7  
6445 .0  1 9 0 0  3'1.9 
6450.0  1950 3 3 .  1 
6455 .0  2950 34.6 
6460 .0  ' 1050 31. 0 
6465.0  2500 3 3 *  9 
64 70.0 
64 75.0 
64VO.O 

80.9 
82.6 

82.8 
06.7 
85 .0  
81. 3 
80.6 
8 8 . 3  
85.7  
87.0 
87.3 
87.3 
87.0 

rn 
I 

85.5 
7 9 . 1  
8 3 . 3 .  
83.9 
30.9  
86. 7 

3 * 9  68  SD VFG VSHY VCALC NO FLU 
4 . 8  rld S D  VFG SSHY SLTY CALC NO FLU 

SHALE 
4 .1  5 3  SD VFG SHY NO FLU 
4 . 1  3 6  S O  VFG CLEAN NO FLU 
5 . 0  37 S O  FG CLEAN NO FLU 
6 . 1  37  SO FG CLEAN SCALC NO FLU 
6.4 3 7  SD FG CLEAN NO FLU 
4 .0  3 8  SD FG CLZA1.I NO FLU 
4 .0  3 8  SD FG CLEAN SCALC NO FLU 
4 . 3  37 SD FG CLEAN NO FLU 
4 . 4  3 8  SD FG CLEAN SCALC NO FLU 
3 .  9 3 5  S D  FG CLEAN NO FLU 
4 3. 3 8  SD FG CLEAN NO FLU 

EMPTY- UOTL'LE 

EMPTY BOTTLE 

EMPTY BOTTLE ' 
EblP T Y  S OTTL E 

4 .8  37 SD FG CLEAN SCALC NO FLU 
6 .2  
5,  3 16 S D  VP-FC CLEAN SCALC NO FLU 
5.5  3 0  S D  FC CLEAN CALC NO FLU ' . 
2.9  3 6  S O  VP-FG CLEAN NO FLU 

3 6  S O  VF-FG CLEAN WO FLU 
ul e T Y  0 OTTL E 
! 4 0 0 0 A K E  

w e w  U O ~ Y L E  

E 1.1 e i~ B o w  t E 

34 SD JF-FG S S L T Y  & FLU 

4 . 2  



1.0 6510.0 2 2 0 0  3 3 e 4  
l . . O '  t 5 4 5 . 0  1400  3 1 . 7  
0 . 3  6550.0 1350  3 l . e  1 
0 .5  6 5 5 5 . 0  1 5 0 0  31 .  5 
1 , O  6560,O 1600  3 2 .  Q 

. 3.5 5 5 C 5 , O  1 9 5 0  3 3 . 1  
0.4 6570.0 
1.0 6 5 7 5 , O  5 1 0  2 9 . 9  

( 6) LOW P IZRblEABI L I T Y  

dPR! 
PORE 
"""" 

8 d . 0  4.0 
8 1 . 3  5 e 9  
84 . 5. 4 e d  
8 5 . 7  * 4e6 

. 8 3 . 8  5 e 2  
8 9 , 3  j e  6 

83e3  5 . 0  

DOE - L O U I S  RECORDS 
BRINE I N J .  WELL No.4 

c I\ 1'1' BAYOU CHOCTAW 

--I ~ ~ u - ~ ~ - - ~ ~ - ~ ~ a v a u ~ u ~ ~ a ~ a u ~ ~ u ~ ~ ~ ~ u ~ - ~  

WL' R % II ESCRI ear ION 

S O '  P G  CLEAN 140 FLU 
36 S O  VFG CLEAN NO FLU 
36 S O  VFG CLEAN NO FLU 
36 S O  VFG CLEArJ NO'FLU 
3 6  SO UP-FG CLEAN rJ0 FLU 
37 3 D ' F G  CLEAN NO FLU 

ilUDCAKE N/TR FG SO 
3 3  S O  VFG VSSHY VCALC NO FLU 

c 



c 
BIDE WALL CORE ANALYSIS 

W E  - LOUIS RECORDS 
BRINE I N J .  WELL No.5 
BAYOU CHOCTAW REC rIEPTil PERM PUR WTRX GAS% CRJT 

FEET PORE TJU1.K WlRX I I K S ~ I P T ~ O N  --_ --.._- - ------- 7 - \  ---- I---̂ --- -_ ---e --a^ 

1 e2 5110.0 074. 29.6" 84.0 4.2 36 F O  fr!XTY 8CAt-I: 
! .Q 511510 12500 30.1 84 .0  4 . 0 .  35 SD FCI SSI-TY 
0.0 5125.0 b sn FG SLTY 
1 :0  5130.0 lf.10. 28.6 01.9 !m VF-FO Ct..EAN ' 

013 5135.0 811 F O  CLEAN 
1 .0 Sl40.0 17006 30.1 02.n 3 4  Sin FQ BLTY 
1.0 5135.0 1700. 5004 131.1 35 Bt.1 FO CLEAN 
1.2 5150 0 242. 2666 01.1 5.0 4 3  811 UFO GZitiY SSLTY 
0.0 5160.0 1330. 30.5 00.3 45.0 35 sn FO c i m N  ncn1-c 
0.3 til6500 s n  FO Ct.EntI I 

1.2 2750. 34.3 06.7 4 a 6  3n s n  FG c i m N  

f '  .o 5190.0 2220. 29.5 00.3 5.0 33 sn UFO cimw - 02 5200 . 0 930 2209 01 e7 4 .2 49 sn  UFO s w  1.w 

1 .s 5215.0 120. 23.1 78.2 5.0 47 sn UF-SXLT 

1.5 3.2 25.7 72.6 4.3 65 -13Ct UF-BXCT UOHY 

t .2 476. 25r4 77 .a 5 . A  37 sn UFI) SHY 1.AH 

1 b2 5205 . 0 40. 21.0 70.5 4.5 55 GD VF-(IXLT StiY I A M  CA1.C 

1.2 5220 0 2.1 ia.0 .l32.2 3.4 72 Gn UFI) USHY 
$ 0 3  5230 * 0 17. 2002 79.6 4.1 63 Rn VFI) 6 t i Y  
1.3 5235 . 0 5.2 1R.B 75.7 4.6 A 9  Bin UFO U5tiY I-AH 'CA1.C 
i o 0  5240.0 60. 2100 74.2 5.6 52 811 UFO 6MY IMI 8 L T Y  
1 r 0  5245 . 0 101 2002 79.3 4.2 67 sn UFO s w  BLTY cntx 
0.3 5250 0 s n  FO cixtw 
1 .O 5255.0 194 31 r O  74.0 0.0 35 r;n UFO c i x m  
0.3 5260 0 $11 UFO CLEAN 
1 .S 5265 . 0 67.0 6.1 69 sn Fn UStiY FUSS 
1.2 5270 e 0 6.4 1 0 0 2 .  01 a 6  3.3 M, SLT ustw ucnix 
1.2 5275 0 4.1 1911. 70.7 4.1 71 BLT URtIY FOSS 

6 



REC 
JN 

fi ---- 
1 .5 
1 .O 
1 r 2  
1.2 

1 e 3  
1.2 
1 .3 
1.0 
1.2 
1.2 
0.3 
0.3 

r\ 

1 b5 

1.0 
1 r o  
r 1  

h) 
4 

h.J  
1.0 
0.8 
0. 0 

5200 . 0 
52115 . 0 
5290 0 
5295 0 
5500 e 0 
5305 r 0 
5310.0 
5315r0 
5320 0 
5325 r 0 
5330 0 

5340 . 0 

5355 0 
5365 0 
5370 0 
5300 0 0 
5305 . 0 
5390 0 

533s b 0 

5345 b 0 

4 4  . 
233 . 

19. 
39 9 

1190. 

1 b . 

9.3 

60 1 

7.6 
5 .5  
4 . 0  

56 
13600 

1610. 
1140r 
1590. 

10. 

23.5 
20.1 
1908 
21.1 
20.2 
29.6 
20.5 
20.1 
18.4 
19.0 
10.0 

24.7 
29r4 

20.6 
30.2 
29.4 
19.0 

90.1 
05.3 
0503 
O J  0 6 
77.9 
92r3 
91.3 
71 r9 
ROO0 
90.3 
0 ~ 1 . 4  

nn. 4 
84.3 

06.7 
Qbr7  
n7.7 
05.6 

c 



Part 1 

COW ENTIONAL 

SMP PERM MD P O R  W P R 0  
NO DEPTll HORZ(KA) 8 POR e 
--Le - 0 U I I - I  ----- -- -0- 

CORE t l  446$'-448g,' CUT 26' RECOVERED 19" 

4469.0-70.0 
1 4470.0-71.0 410 27.8 80.2 
2 4471.0-72.0 590 27.8 77.9 

tu 3 4472.0-73.0 77 26.7 83.  3 
4 4 4473.0-74.0 40 24.5 91.7 

5 44 74 . 0-75.0 1940 36 .I 93.2 
6 4475.0-76.0 1500 33.8 95.7 
7 4476. 00 1340 33.2 88,7 
8 4477, 00 280 28,4 89. I 

10 4479.0-80.0 7 90 34.8 86.8 
11 4480.0-81.0 8 90 31.6 87.9 
12 4481.0-82.0 1500 35.0 82.4 
13 4482.0-83.0 46 2 3. 5 91.4 

4 

9 4478,O-79.0 2 30 30.8 89.0 

448 3.0-89.0 

489"-4509" CUT 2d' RECOVERED 26" 

421 0 35.9 84.2 
15 4490.0-91.0 30 50 34.6 86.7 
16 4491 0-92.0 26 50 36.0 88.0 
17 4492.0-93.0 2 270 36. I 89.8 

7-1 6-' 

LOST CORE 
5.5 SD CG CLEAN(LAM) W/SHALE(LAM) GR 

4.4 SD FG SHY(LAM) 
2.0 SD FG SSIIY-SHY 
2.5 SD FG CLEAN 
,1,4 SD# FG CLEAN 
3.8 SD FG VSSHY (10% MUD) 
3.1 SD FG SSHY 
3.4 SD FG SSHY (10% MUD) 
4.6 SD FG VSSHY 
3.8 SD F-MG CLEAN (VSSLTY) 
6.2 SD F-MG CLEAN 
2.0 SD F-MG SHY(LAM) 

6.1 SO FG CLEAN(LAM) W/SHALE(LAM) GR 

MUD 

7-1 6-' 

5-7 SD F-MG CLEAN (VSSLTY) 
4 - 6  SD F-MG CLEAN 
4 i 3  SD F-MG CLEAN 
3.7 SD F-MG CLEAN 



t t 4  P 
(0 
.-- 

18 
1 9  
20 
21 
22 

2 3  
24 
25 
26 
27 

h) 
4 
dD 

. PERM MD 
DEPTH tIORZ (KA)  

1- -.a -- ..--I --I --- 
4493.0-94.0 99 0 
4494.0-95.0 2 50 
4495 . 0-96.0 355 
4496.0-97. 0 1320 
4 4 97 . 0-98.0 6440 
4498 .0-09.0 

CORE 1 3  4524.'-4529" CUT 

4524.0-25.0 86 
4525.0-26.0 28 0 
4526.0-27.0 1860 
4 5 27 . 0- 28 . 0 3060 
4528.0-29.0 28 0 

POR 
% ..- -.. 

31 e9 
36.6 
34. 4 
34.9 
33; 7 

W R %  
PORE 
1-1- 

89.4 
90.7 
85.7 
78.3 
86.5 

2 6 '  RECOVERED 5" 

26.8 75.7 
30. 8 92.3 
31.2 92.8 
33.5 86.3 
28 .5  84 .5  

GAS % 
BULK --- 

3. 4 
3.4 
4.9 
7.6 
4.6 

6.5 
2.4 
2.2 
4.7 
4.4 

DOE - LOUIS RECORDS 
BRINE INJ. WELL N0.f 
BAYOU CHOCTAW 

DESCRIPTION ----- 1-11--------1---1------ -- -- 
S D  F-MG SSLTY 
SO F-MG SSLTY (20% MUD) 
SO F 3 1 G  (VSSLTY)  ( 3 5 %  MUD) 
S D  FG CLEAN 
SD F-MG CLEAN 
MUD 

7-1 6-7 

S D  NG StlY(LAM) LIG(LAM) 
S D  MG SSLTY (20% MUD) 
S D  MG CLEAN 
SD V-IlG CLEAN 
S D  MG S H Y  ( L A M )  L I G  (LAM) 

c c 



_ _  -~ 

(Part 2) 

. S I D E  WALL CORE ANALYSIS M E  - LOUIS RECORDS 
BRINE INJ. WELL No.6 

'WF It 0 GAS % CRI'P BAYOU CHOCTAW 
PORE DlJL K WTRB SCRI PTION ---- d --. "e- oo-- - - -~ - - - -UI I -U- - - - - - - - -~ - - - -~o.  

1.3 4U15.0 5600 310 9 88.2 35 9L) CG CLEAN FLU 
1.3 4020.0 5400 31*0 84.1  3 4  SD M-CG CLEAN NO F f U  
1. 3 4025.0 5800 29.6 85.6 33 SD CG CLEAN NO FLU 
0.4 4030.0 SD M-CG ( 6 0 %  MUD) NO FLU 

1.0 4040.0 5750 310 4 10 4 5. 0 34 SD M-CG CLEAN NO FLU 
1.0 4045.0 5700 30*5  84.2 4 - 8  33 SD M-CG CLEAN NO FLU 
1.0 4050,O 5 8 0 0  30*7 8 7 0  5 30 0 34 SD M-CG CLEAN NO FLU 
1. 0 9055.0 4500 32.5 84.8 4 0  9 35 SD MG CLEAN NO FLU 
1.0 40ti0,O 6000 32.0 85.1 4 0  8 35 'SD CG CLEAN NO FLU 
1. 0 406.5.0 5900 30*4  84.2 4 0  8 33 SD CG CLEAN NO FLU 

0,4 4035.0 SD CG CHERT emwas 

5.7 37 SD X-CG CLEAN r(0 FLU 
4 .2  ' 36 SD MG CLEAN. tJ0 FLU 

4080.0 3800  29.3 8489 4 .4  33 SD H-CC CLEAN NO FLU 
40U5.0 5500 33.2 88.5 3 0  0 36 SU FIG CLEAN NO FLU 
4090.0 730 25.9 7 L S  5r 0 34 S D  F+4G CLEAN NO FLU 
4095.0 . 4908 31.2 87.6 3 .9  34 S D  F-mS CLEAN No FLU 

1.0 '4100.0 35.2 406 36 Sll F-lrlG CLEAN NO FLU 
1.0 4105.0 87.4 3.7 3 3  SD CG CLEAN NO FLU 
4,3 4110.0 2250 8 3 i  3 5 7 2  35 S U  F+G 'SSLTY NO F L U  
1.0 4115.0 4200 30.5 82. 1 5 . 5  33 S U  AG CLEAN No FLU 

L O  4125.0 3800 23.9 dl"5  5 . 4  32 SO P-3G CLEAN r(0 F L U  
1.0 4130,O 3300  30.2 0'.1 3. 3 3 3  3 0  YG CLEAN NO FLU 
100 b l 3 S o O  1900 . 2 8 0 1  07.2 3*6 3 3  SD F-.3G CLEAN !40 FLU 
1.0 4140.0 500i) 31,2 83 .8  5 . 1  3 4  SD F-4G CLEAN NO FLU 
1.0 3145.0 4400 30,l 31.0 50' 33 5 0  F-VG CLEAN 140 FLU 

' 1.0 4U70.0 5500 33.7 B3.1 
1 , O  4075.0 5100 $3.0 8'0 3 

1.0 4120.U 6100 30.0 96.5 4.0  3 3  SO CS.CLEAN NO FLU 

1.0 4 lSO.0  4350 29 8 95.0 . 4 .0  32 SD 3-CC FOSS NO FLU 

c 

N 
4 
u) 



1.0 
1. u 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 

* 1.2 

1.2 
1.'2 

1 .2  
1.2 

M 1 . 2  
0 1 . 2  03 

1.2  
1.2 
1.2 
'L.2 
L.2 
1.2 
1.2 
1.2 

1 .2  
1.2 

1.2 
1.2 
1.2 
1. 2 
1. 2 

UEPril 
FEET 

4155.0 
4 160.0 
4165.0 
4 170.0 
41 f5 .0  
4180 8 0 
4 185.0 
4 190.0 
4195.0 
4200.0 

4350.0 
4 365.0 
4370.0 
4375.0 
4 380.8 
4385.0 
4390.0 
4395.0 
4400.0 
4405.0 
44 10. 0 
4415.0 
4420.0 
4425.0 
4430.0 
4435.0 
4440.0 
4445.0 
4450.0 
4455.0 
4460.0 

e LS ~ r 4  
MD (*) 

3 100 
5400 

27 
32 

170 

2 20 
240 
115 

2 5  

12 
4 000 
5000 
5650 
2200 
5500 
4 700 
5100 
5600'  
5700 
5800 
5820 
5750 
5 800 
3750 
3100 
3200 
3 150 
2800 
4 200 
5100 

POR 
% 

30.2 
29 .9  
23.8 
2 6 . 3  
27 .4  

26 .9  
2 8 . 1  
26 .4  
22 .9  

21. 9 
30.2 
31. 2 

30. 7 
28.7 
29.8 
31. 3 
32.4 
29.9 

30. 4 
29.7 

30.6 
31. 3 
31. 9 
31. 3 
30.0 
30.9 
31. 3 

28.7 

300 3 

30.4 

r it% 
PO Rtz 

84.4 
84.9 

81.6 
84 .1  

94.6 
80.0 
78.7 
84 .0  

83.6 
82.5 
85.9 
86.7 
86.9 
84.7 
85.2 
87 .0  
84.5 
82.6 
84.5 
83.3 
86.4 
89.2 
84.9 

83.9 

82.9 ' 

88.2 
82.5 

80.6 

81.6 

01.0 

GAS % 
UULK 

4 0  7 
4.5 
4.6 
4 .8  
4.4 

4 . 1  
5.6 
5.6  
3.7 

3.6 
5.3 
4 .4  
3.8 
48'0 
4 .4  
4 .4  
4 . i  
5 . 0  
5 .2  
4.' 
5 . 1  
4 . 1  
4 .8 
4.6 
5 .7  
5 . 1  
6 . 0  
5 . 1  
3.6 
5 . 5  

DOE - LOUIS RECORDS 
BRINE I N J .  WELL No.6 
BAYOU CHOCTAW CRIT 

WPR% DESCR I e'r ION --- - u - - T - - - ~ - - - - - ~ - - - - - - - ~ - ~ - ~ - - - -  

34 SO M-C3 CLEAN NO- FLU 
33 S O  M-CG SFOSS NO FLU 
63 S O  VF-FG SHY(LAM) NO FLU 
6 4 S D  V F S  ILT  SHY (LAX) CALC NO FLU 
4'SD VF-FG SHY NO FLU 

44 S O  F-NG SHY SCALC NO FLU 
44 S D  FG SIIY(LAM) SCALC NO FLU 
5 1  S O  FG SHY SFOSS NO FLU 
6 2  SO V F - S I L T  SHY(LAM) NO FLU 

67 SD VFG S8Y-VSHY W/LS FRAGS M I N  F L U  
33 SO F-MG SSLTY NO FLU 
34 S O  M-CG SSLTY NO FLU 
32 SO M-CG CLEAN 140 FLU 
35 SD P-MG CLEAN NO FLU 
32 SO F-MG CALC NO FLU 
33 80 MC SSLTY NO FLU 
3 4  SO F-MG CLEAN ,NO FLU 
35 S O  :.IG CLEAN NO FLU 
33 S O  MG CLEAN NO FLU 
3 3  3D.t.IG CLEAN NO FLU 
33 SD !4G CLEAN NO FLU 

33 S D  NG CLEAN NO FLU 
3 4  S O  F-HG CLEAN NO FLU 
35 SO FG CLEAN NO FLU 
3 5 - 5 0  FG CLEAN NO FLU 
35 S O  FG CLEAN NO FLU 
34 SO FG CLEAN NO FLUO 
34 SO F-MG CLEAN NO FLUO 
34 SO F-MG CLEAN NO FLU 

BNPTY BOTTLE 

3 3  SO MG CLEAN NO FLU 

d c c 



c 

1.2 4465.0 6 5 0 0  29.9 83 .3  5 .b 
1.2 4470,0 5950 31.4 83.3 5.2 
1.3 4475.0 5400 29.7 85.3 4.4 
1.2 4400.0 5350 31.3 8 2 . 3  5.6 
1.2 4185.0 4850 30.5 8 6 - 2  4.2 
1.2 4490.0  5050 29 .4  81.5 5.4 
1.2 4495.0 5500 31.0 8 3 - 3  5 .2  
1.3 4500.0 6100 31. ? 79.7 6.5 
1.2 4505.0 5200 29 .1  81..5 5 . 4  
1;2 4510.0 6050 28.2 88.5 3.2 
1.2 4515.0 5600 32 .4  87. 4 . 0  
1.2 4520.0 5200  31.3 88 .1  3.? 
1 .2  4525.0 4400 30- 3 82.6 5 .3  
0.3 4530.0 5930 31.3 04.6 4 . 8  
0 . 3  4535.0 
1.2 4540.U 5700 30.8 d7.4 3.9 

3 .5  
0.5 4550.0.  
l . U  4555.0 5503 3 2 . 1  us. 3 4. [i 
1.0 4 5 i i J . O  5330 30. (I 89.2 3 . 3  
l.0 4565.0 565 31.8 83.9 4.2 
1.0 4470.U 
1.0 4575.0 350 23.2 8') . '1 5 . 4  
1 .u  4SdiJ.O 4R90 28.9 84.3 4 .5$  
l.*0 4595.0 4900 30.5 98.0 3. f 
L.0 4590.0 4500 31. U 30.6 3. 0 
1.0 1595.0 4 - 5 0  32.3  84.1 5 .  1 
1.2 4503.0 8.5 21.2 95.5 3.1 
1.2 . 4505.0 1350 30.0 5 .4  
1). 3 4515.0 - 
d.1 9520.0 3000 33.0 85.2 4.6 
0 . 5  4i2a.O 2650 32.2 85.7 . 4.~6 

OD e 1.2 4545.0 5350 31.2 08.7 

DOE - LWLS RECORDS 
BRINE INJ. WELL No. 6 

C R I T  BAYOU CHOCTAW 
WR% DESCRIPTION 

33 SD CG CLEAN NO FLUO 
34 SD M-CG SSLTY td0 FLU 

* 3 3  SD MG CLEAN NO FLUOO 
34 SD YG CLEAN NO FLU 
33 SD F 4 G  CLEAN NO PLUO 
33 S D  F-"E CLEAN NO FLU 
34 SD l4G CLEAN NO FLUO 
35 SD CG CLEAN NO' FLU 

32 SD CG CLEAN HO FLUO 
35 SD !IG CLEAN rS0 FLUO 
34 ED F-YG CLEhN SO FLU 
33 30 F-!4G CLEAN NO FLU 
34 30 C O  W/PEBBLES NO FLU 

34 r iD F-.4G CLEAN NO'FLUO 
34 30 F-:rlG S L I G  ts9 FLU 

35 3D YG CLISA:J 140 FLU 
33 3D YS CLEAN 140 FLU 
35 St3 'I-CS CLCAN @K) FLU 

4 1  3D c'3 SHY NO FLU 
32 SD .4G CLEAN' NO FLU 

35 30 F-XC, CLEhN NO F L U  
3 4  3 0  F-'tG C L E M  No F L U  
59 3 0  VF-SILT SIlY N9 F L U  
33 30 FG VSSIIY NO FLU 

35  S D  PS CLEAN NO F L U  
35 SD FS CLEAN NO FLU 

32 SD F4C; CLEAN NO PLUO 

SD F G ( 8 0 %  MUD) 

'IUOCRKE 

SD YC, (90% -1UDChKE) 

3 4  3D ;lfr CLEhN NO 

SO FG 



.. ~- - . ... . . . .  . . .~ . ..... , . .. . . . . . . , ~ ~ - . . .  ~. .. ~~. " 

h) 
OD 
h) 

W E  - LOUIS RECORDS 
BRINE I N J .  WELL No.6 

CRIT BAYOU CHOCTAW 
HrR% DESCRI PTION 
-0- .----------..------o---~-----~-~--~--- 

34 S O  F+4G CLEAN NO FLU 
SO F-MG(5Ob MUD) 

66  SD FG VSHY(LAM) CALC NO FLU 
73 SO VP-SILT VSHY CALC NO FLU 

4 7  SO VF-FG SHY(LAM) VCALC NO FLU 

34 SD F-blG ,VSSHY NO FLU 

SD F+lG(OO% MUD) ,SCALC 

5 3  SD VF-PG SHY(LAl.1) VCALC NO FLU 

) . .  

. . .  

c 



c c 

REC DEPTH PERM POH 
1N F EM’ NU ( ) I 

0.8 ’ 6640.0 4 f  25.1 
u.5 6645.0 120 26.1 
0.5 6695.0 17 22.0 
0.5 b660.0 1651) 28.6 
0.5 ~ 6 6 5 . 0  3000 32.7 
0.6 6670.0 2 20 27.5 
0.5 b675.0 520 30.3 
0.5 6 6 ~ 0 . 0  750 31.4 
0.5 G690.0 2200 34. I 
0.6 6695.0 2300 34.5 
0.1, 6700.0 1650 12. 5 
0 . 3  6705.i) ’ L l O i r  33.1 
d.2 6710.0 
0.3 6720.0 2300 33.3 
0 . S  6730.0 7.6 19.4 
0.4 6715.0 2030 . 33.0 
0.5 6740.0 2950 34 .4  
0.S 6’74S.O 21.00 33.6 
0.5 6750.0 2500 34.3 
0,s 6755.0 1400 30.5 
U . 3  6760.0 
0.4 6765.0 1950 32.2 
0.5 6770.0 2500 . 34.5 

, 0 - 4  6775.0 2000 32.7 
0.4 6780.0 33 .  5 
I). 3 67OS.i) 
0.5 C790.0 1 31.5 
i). 3 

SIDE WALL CORE ANALYSIS 

WTRI CAS% 
PORE BULK 

s 80.5 
90.9 
80.11 
80.2 
08.2 
00.4 

79.4 
88.9 
83.5 
Yl .9  
81.3 

a 3 . 3  

as. 2 
87.5 
90.1 
89. t 
90.1 
87.3 
80.9 

00.7 
83.5 

01.7 

85.0 

a i  .o 

4.9 
2.4 
4.3 
5.7 
3.9 
5.4 
5.0 
6.5 

3.6 
2.6 
5.4 

3.0 

5.0 
2.4 
3.3 
3 -6  
3. ’3 
4 .“4 
5. f l  

6.2 
5.? 
6.2 
6. 1 

4.7 

C R I T  BAYW CHOCTAW 
W R %  D ESCRI PTION -.-... ~ ~ . ~ ~ ~ . ~ ~ - . - . v . ~ ~ o o ~ u ~ v a ~ ~ ~ v ~ ~ .  

59  SO VFG SIIY(LAM) SCALC NO FLU 
5 0  SO VFG SSllY L I G  SSLTY( 1 SIfPL !lG CLN) 

38 SD FG CLEAN NO FLU 
38 SD FG CLEAN NO FLU 
37 SD FC CLEAN NO FLU 
37 SD FG CLEAN NO FLU 

NUWAKE W / T R  FC SD 
37 SD PC CLEAN NO FLU 
67  SO PC VSllY(LAH) NO FLU 
37 SD FG CLEAN 140 FLU. 
38 SO FC CLEAN NO FLU 
37 SD FC CLEAN NO FLU 

. 30  SD VFG CLEAN NO FLU 
35 SD FC CLEAN NO FLU 

SD FC CLEAN NO FLU 
36 SU FGGLEAN NO FLU 
3 8  SO FG CLEAN NO FLU 
37 SD PG CLEAN NO FLU 
it SD FC. CLBAN NO FLU 

SD PC; CLCAN NO FLU 
36 SD PG CLEAN NO FLU 

SD PG CLEAU NO FLU 

65 SO VFG SNY-VSNY(LAM) SCALC NO 
33 SD F-MG CLEAN NO FLU 
36 SD F-MG CLEAN NO FLU 
45 SD FG SIlY (LAM) SCALC NO FLU 
39 SO FG SSHY(LAM) NO FLU 
38 SO FC SHY(LAM) CALC NO FLU 

FLU 



0.4 
0 . 5  
0.5 
0.5 
0 . 5  
0. 4 
i). 4 
i). 4 

@ 0. 3 
u. 1 

0.3 
0.4 
0. 4 
0.3 

h) I) . 4 
a 0 .  5 

0 . 1  

d, 5 

0, 

0.4 
0.5 
0 .5  
1 .il 
0 . 5  

0.5 
1 .i). 

0 LP'CII 
P LET 

----"I.- 

6 i ) O O . O  
6a05.0 
C U I O .  0 
6UlS.O 
li 0 28". 0 
0925.0 
60 30'. 0 
ciu35. 0 
6 114 0 . 0 
Gbl5.O 
6850 . 0 
685s.o 
bubo. u 
6 8 b 5 . 0  
6070.0 
Gd75.0 

6890.0 

6905.0 
6310.0 
6920 .0  
6325.0 
6930 . 0 
6940.0 
6950.0 

m a d .  o 

2050 
] G O O  
2000 
2500 
3 lOb  
2950 
2 2 00 
I800 

I GU0 

2550 
3 950 

1900 
125u 

8 59 
10 0 

2 4  
r l G  
SI 
15 

1300 

( * ) . e E RH EA U I L I T Y 

31.4  
30. 9 
33. 2 
32.,1 
34.2 
3 4 .  I 
33. 3 
28.3 

31.8 

33. I 
20.1 

32.3 
33.5 

29.4 

22. I 
2 4 . 5  
22. ? 
20.4 
32. 4 

26. a 

* SIDEWALL CORE ANALYSIS 

86.4 
8 1  a2 

1 8 . 8  

U6.7 
05.7 
77.5 

a2.1.. 

86.2 

84 . 2 

81 . 3  
91.5 

8 3-.'8 
84.7. 

79.1 
85.8  
85.7 
74.2 
77.4 
84.2 
89.7 

4.3 
5 . 8  
5.9 ' 
6.0 
4.7 
4.5 
4.0 , 

6.4 

5.0 

6.2 
2.5 

5.2 
5.1 

6.2 
3. 9 
3. 2 
6.3 
5.1 
3 .  2 
3.3 

35 SD FG CLEAN NO PLU' 
35 SD FG CLEAN NO FLU 

36 SD F-NG CLEAN CALC NO FLU 
33 SD FG CLEAf3 NO FLU 
37 SO FG CLEAH NO FLU 
37 S O  FC CLEAN NO FLU 
3 3  SO P-b1G CLEAN NO FLU 

SD F-FIG CLCAIJ iJ0 FLU 
S O  P-HG CLEAH (90% MUDCAKE) NO FLU 

36 SD VF-FG CLEAfl NO FLU 
SD VF-FG CLEAN NO FLU 

37 SD PG tLEAA NO FLU 
3 3  S O  E'-% CLEAN NO E'LU 

37 SIJ LZC; :LEA NO FLU 

SD FG c L w  NO u t u ( e o a  ~~UDZCI.:(C) [ IO F 
36 SD FG CLEArl NO FLU 
38 SD VF-PG CLEAN !JO FLU 

SD VFG CLEAN NO FLU 

36 SQ VFG CLEAN NO FLU 

61 S I L T  NO FLU 
5 9  SD VFG S!iY(LAFI) NC) FLU 
5 5  SO VFG SllY(LAN) SCALC NO FLU 
64 S D  VFG SHY-VSIIY(LAM) SCALC NO FLU 

5 3  SO VFG SllY-VSIlY(LAf*l) NO FLU 

VALUES YOH PEI<CUSSIOtJ T Y P E  SIDEWALL CORES Dl3'ERl4INEO E W I R I C A L L  

e 



c i'_i - :- c 
SIDE hALL CS3RC ANAfiYS1S DOE - LOUIS RECORDS 

BRINE I N J .  WELL N o . 9  
OKP'l'fl PEhM PO It wr r\ a GAS8 CRIT BAYOU CHOCTAW 

DESCRI PTIOIJ LC 
N FLW MU (*) Y PORE UULK 'trrm --- ,,,,,--urrrc.-irr--L-~r-rr-L----.--- --*- --I * ,,, e---*--' -----L- --- I '  

EM Dol?% 

EM PTY B OTTL E 
' *  ElrlPTY ~ O n Z E - '  

.' EMPTY UOTT 
-: EMPTY' UOTT 

3 

, >  
* I  

35 SU F++G 

2, 34 SD MC C 
3- 2 35 SU MG C 

" -2 

7 - 7  19,3 ' 'zu.1 4 - 2  67 SD FG VSl lY  
90.0 .' 

U,U' 4440,u 
0,2 4 4 4 5 - 0  
0,U 4450-1  4 5 0 0  9 2 - 0  2-1  3 3  5U CG CLEA 

33  SU CG CLEA 
. hl U D C A W  

0-8 4450-2  5600 

I 4  p I EMPTY 0 
MUOCAKE 

'EMPTY I] 

a?, 2 3.9 

EEIPI'Y . UGT%LE , e  

P SD'NG CLEAN 4. 'I 
- ,  EMPTY BOTTLE 

EM P 'I71 U CYI'TLE 
EMPTY Uon'LE 

4493-9  EMPTY B0l"rtE 
EMPTY B'C)"l'LE 
EE1PTY UO11'LE 

4504, b 
4509.9 
4515,3 . EMPTY B W ' L E  - 





Q 

.c DEPlti PERM 
b PEhY nu {*) .-- -.I--. .e---. 

4625, U 
- 0  4625-1 1500 

!.5 4629-6 3UOU 
8-d 4634-9  1450 

4639- 9 
4640-0 

9 4644.7 2200 
.tl 4644-8 " 8 - 9  
. 5  4654-4 1750 

4655- tJ 
! 0 3  4659-6 
- 5  4665.1 

4670-1 
ca .d  46-?4,6 

4679-8 
4600,O 

4687-0  
4694-9 

. *  4695.0 

. 5  4699-I 

1-0 * 4669-? 1850 

N 

4 

468 5-2 -. 

33- 9 
2 9 - 2  

2 0 - 1  

32-2  

1 6 - 0  

30-3 

u5-5  
9 3 - 5  
8 5 - 0  

91 - 7  
86-? 
U 5-6 

80-9 

00 ,1  

'8.8 

8 3-G 
I _  

6 

EEIPTY UQTlLE 
4.1 33 SD FC SSAY 

4 - 4  34 SO FG SSI1Y 
&El Pl.Y u OTF 

- EHI'TY U V I l L E  

, 2-2  37 SU FIG CLEAN 

2-6  35 SL) FG CLEEN 
, 2 - 7  68  SO FC VFOSS 

40  1 33 SP FG VSSllY 

3- u 6 9  SU VFG VSIIY CALC 

3.0 36 SU FC CLEAN 

EMPTY U O l l L E  

SUALE CALC 

EMP9 Y BOTTLE 
H UDCAKE 
EEIPTY BOTTLE 
EM P T Y I 3  OlT LE 
EHPTY OUM'tE 

30 4 L S  SHY(LAM) 

5- 0 
I "  

" .  
(6) l&)U PERk . .  

' 
f * )  PEliEtEAtiXtlTY 3ALUES FOR PERCUSSIOlr TYYL SKDEhALL OORES CIEPERnIP(EU EMPIRIChLLY, 



............... . 

REC DEPTH 
IN FEET 

0.5 3530.0 

0.8 3570.0 

0.8 3720.0 

1.0 

0.8 

0.5 3860.0 
N 
a, 
QD 

0.8 . 4040.0 

0.5 4010.0 

, O m  8 90.0 

1.0 4110.0 

1.0 ~ 4130.0 

PERM I 

MD ( *I 

1950 

1250 

750 

2 200 

3000 

90 0 

2500 

1650 

----e-- 

POR 
% 

--e- 

33.6 

30. 9 

31.0 

28.8 

29.9 

30.0 

30.3 

28.5 

1050 32.3 

4 500 29.9 

61 0 27.6 

1670 31.6 

31 00 30.1 

2900 29.4 

. . . . . . . .  ~.~ ...... _. . . . . .  

SIDEWALL CORE ANALYSIS 
I 

SIDE WALL CORE ANALYSIS 

WTR% 
PORE 
--e- 

82.7 

86.6 

86.3 

88.2 

95.0 

86.1 

81.4 

88.3 

8 3 . 8  

77.3 

87.9 

80.8 

78.7 

83. I 

G 

G A S %  
BULK 
n--- 

* 5.8 

4.1 

4.3 

3.4 

1.5 

4.2 

5.6 

3. 3 

5.2 

60 8 

3. 3 

6.  I 

6.4 

5.0 

C R I T  
WTR% 

DOE - LOUIS RECORDS 
BRINE I N J .  WELL N0.10 
BAYOU CHOCTAW 

D ESCRI PTI  ON 
------o-o--n--n----oo----~-------~-- 

38,'SD VFG CLEAN 

36 SD VFG CLEAN 

38 SO VFG SSHY 

34 SD FG CLEAN 

33  SD F-MG CLEAN 

' 37 SO F G B S L T Y  

33 ,$D CG CLEAN 

37 SD VPG CLEAN 

3,6 SD PG SLTY 

3 3  SO MG CLl3AN 

.33 SD MG CLEAN 



c 

REC 
I N  
--0 

0.8 

0.5 

0.8 

1.0 

0.8 

DEPTH 
Fern 

.-"e"- 

4150.0 

4300.0 

4351.0 

4 380.0 

4410.0 

PERM 
MD ( + I  

2000 

78 

720 

.-I- 

6.5 

1700 

POR 
I 
-..I--. 

29.9 

21.3 

30.8 

19.8 

31.2 

0.5 4500.0 I000 31 - 4  
h) 
Q, 
\D 4530. 0 

0.8 4560.0 1400 31 .O 

0.8 4592.0 310 24.9 

0.8 4620.0 2300 29.4 

0.8 4652.0 1.350 30.7 

1.0 4680.0 950 31 . I  

0.8 4870.0 1150 30.5 

1.0 4910.0 400 28.6 

c 

WTRI 
PORE 
.--e 

GAS\ 
BULK 
--I 

82.9 5. I 

83.8 5.0 

85.7 4.4 

76.6 4.6 

85.3 4.6 

81.4 5.9 

80.0 6.2 

74.5 6. 3 

82.1 5; 3 

83. I 5-  2 

86; 9 4.1 

88.4 3.5 

7 8 .-5 6. 1 

c 
DOE - LOUIS RECORDS 
BRINE INJ. WELL NO. IO 

C R I T  BAYOU CHOCTAW 
WTRI DESCRIPTION 

~ ~ I ~ - I o . . . e ~ - ~ o ~ ~ ~ - ~ ~ I I I I I - - I .  

34 SD F-MG SSLTY SCALC 

56 SD VFG SLTY 

38 SD VPG SSHY SSLTY 

69  SD VFG VSIlY 

35 SD PG SSLTY 

SD FG CLEAN 

- SD E% CLEAN 

36 SD VP-PG CLEAN 

EMPTY BOTTLE 

35 SD PG CLEAN 

40 SD VFG SHY, 

33 SO F-MG CLEAN 

35 SD P-HG CLEAN 

36 SD VP-FG VSSHY 

35 SD VP-FG VSSHY 

4 0  SD VF-FG SHY SCALC 



. .  .. . ... . ..- ... .. . . - . 

DOE - LOUIS RECORDS 
BRINE I N J .  WELL No.10 

C R I T  BAYOU CHOCTAW 
WTR% D E S C R I P T I O N  

DEPTH 
P Eer 

POR 
% 

WTRI 
PORE 
---m 

0 .8  4940.0 5 30 28.4 38 SD VF-PG S S H Y  SCALC 

4 1  S D  VP-FC S H Y  

37  SD VF-FG S S H Y  

5 7  S D  VF-FG VSHY-SHY CALC 

5 7  SD VF-FG SHY(LAM) CALC 

320 26.6 

28.8 0. 0 6 2 0  

1.0 5080.0 23.4 45 

56 

71.1 

1.0 51 00.0 25. 8 

27 .2  

79. 5 

81 .3  3 .0  

0.0 

51 20 .0  

5 1  50.0 

130  50 SD VPG SSHY(LAM) S L T Y  

35 S D  F G  CLEAN 

5 5  S D  V P G  S L T Y  

57  S D  V F G  S L T Y .  

6 2  SD VFG VSLTY 

6 3  S D  VFG VSLTY 

61 SP V F G  SHY-VSHY 

36 SO VF-FG CLEAN 

5 5  SO V F C  S L T Y  
6 6  SO V F  VSBY VLMY 
35 SO F G  CLEAN 

37 SD VF-FG CLEAN 

i 

1800 30.5 80.4 

5180.0 

521 0.0 

0.5 

0 0.5 
h) 
W 

04 80.0 

62  26.2 

0.8 34 80 .2  

1.0 2 9  24.6 77.9 

1.0 5301.0 2 5  88 .8  

0.8 5350.0 

5370.0 
5 390.0 
5605.0 

1660 87.7 

73 

2250,  
9. 8 

25.5 
19.7 
31 07 

78 .0  
85.0 
86.8 

0 . 8  5620.0 1150 32 .0  no.. 7 

c: c 



0 - 5  5640.0 2700 

0.8 5 0 1670 

1.0 5680,.0+ , 320 

1.0 6280.0 1125 

1.0 6310.0 2 
h) 

$ 0.8 6467.0 105 
1.0 6470.0 195 

1500 
j .  

0.8 6518;O 55 ' 

POR 
I 

-.-.-.a 

32. 9 

32. 1 

27.4 

32. 4' 

21.4 

23. 3. 
29.0 

26.1 

25.7 
26.3 

32.3 
: '  

2 5 ~ 3  

0.8 655ObO 1050 31.5 

0.8 6670.0 250 28.1 ' 

WTRI 
PORE 
-. --- 
go. 6 

. -  
84. I 

92.0 

80,4 

84.5 

86.8; 
91.8 

84.9 

85.1 
75,9 

07.7 
't" I 

80.4 

82.3 

85.4 

80.0 

8 4 . 1  

c -  
DOE - LOUIS RECORDS 
BRINE I N J .  WELL N o .  10 
BAYOU CHOCTAW CRIT  

WTRB DESCRIPTION 
-.e - - - - - U I I I U I I I L I - - - . - . - L U I I I I I I - - - - ~ - ~ ~ - - - -  

36 SD F-MG CLEAN 

36'SD VP-FG CLEAN 

41 SD VFG 'SSHY-SHY 

37 SO FG CLEAN ' 
" 1 > -  

- .  
53 S O  VFG SHY 
34 SD VPG CLEAN 

5 1  SD VFG SLTY < *  

45 SD VFG SH . ,, . 

SD FG CLEAN 8 

57 SD VFG.VSLTY,CALC 

37 SD VP-FG SSbTY 

36 SD FG SSLTY 

44 SO VFG SSLTY 
I 

41 SD VFG SSLTY ' I +  



DOE - LOUIS RECORDS 
BRINE INJ. WELL No. 10 

CRIT EAYOU CHOCTAW 
DESCRIPTION WTRO 

GAS8 
BULK 

40 SD VF-FG SSLTY 

34 SD VFC CLEAN 

35 SD PG SSLTY 

Om5 6730.0 44 0 29.8 88.5 

0.5 6760.0 1120' 29, I 80.2 5.8 

6.5 

5.2 

5.1 

6.9 

1.0 6790.0 900 2%. 8 77.4 

- 1.0 6820.0 1130 31.0 8 3 . 3  36 SD FG SSLTY 

35 S D  M-CG CLEAN 

37 SD M-CG CLEAN 

34 S D  FG CLEAN 

38 SD VFG VSSHY LIG(LAt4) 

Om5 6850.0 4500 32. 1 02.4 

0.8 6870.0 5600 34.2 80 .0  

O m 8  6900.0 1650 30. 0 1 8 . 9  6.3 

4.9 6947.0 51 0 27.4 82. I 

75.9 

h) 
u, 
h) 

O m  5 36 SD VFO SSLTY 

39 SD P-MG CLEAN 
37 SO P-MG CLEAN 
34 SD FC CLEAN 

35 SD P-CG SHY 
16 SD F-MG CLEAW 

EMPTY BOTTLE 

7010.0 6 00 27.1 

0.8 
O m  5 
0 .  5 

7250.0 
7260.0 
7270.0 
7280.0 
7290.0 
7300.0 

2350 
2600 
1150 

35.8 
33.0 
29.7 

82.3 
75. 0 
79.5 

O m  5 
0.8 

3700 
2550 

31 -6 
32.1 

80.4 
80.6 

6.2 
6.3 

0.3 7320.0 

7340.0 
7350.0 
1 360.0 

SD FC SStTY 

36 SD VPC CLERN 
EMPTY BOTTLE 

38 SD FG SSLTY 

0.5 1215 31.8 

33.8 

80.4 

05.4 

6.3 

0 . 8  I650 4.9 

. .  

Q: 4 



1.0 7380.0 

1 

WTRO 
PORE 
--.e- . .> 
78.3 

DOE - LOUIS RECORDS 
BRINE INJ. WELL No. 10 , - 

D ESCRl PTf ON 
GAS% C R I T  , . BAYOU CHOCTAW 
BULK WTR% 
m-0" , mm" o ~ N . m I I m . I o I ~ - - . . - I - - . - - - - - ~ ~ ~ . ~ -  

9 37 SD VFG CLEAN SCALC 

. .  

PERMEABILITY VACUES FOR PERWSSIOH TYPE SIDEWALL 
CORES DETERMINED .EMPIRICALLY. 

..' 



APPENDIX I1 ' 

BRINE INVASION FRONT MODEL 

Figure A i l l u s t r a t e s  a model of the in j ec t ion  

i n  Bayou Choctaw f i e ld .  The f i v e  data points 

were taken from Weils 2 ,  7 ,  8 ,  9 ,  10 and 12. 

The major f ac to r  controll ing the  shape of the 

f ron t  of the in j ec t ion  wells Lj 

used i n  developing t h i s  model 

i n j ec t ion  f ron t  is  the density 

difference between the Injected brine (S.G.  1.197) and t he  formation brine 

(S.G. 1.08). Geological considerations would suggest that the hydraulic 

gradient i n  the area of the in j ec t ion  f i e l d  is i n  a south t o  south-east 

direction. 

Well No. 12 was logged December 26, 1978, a f t e r  Well No. 9 had injected 

approximately 600,000 bbls. of brine i n  Sand Interval No. 2 (4,345 t o  4,702 

feet) .  

Well No. 12. 

Well No. 9 ' i s  located approximately 40 f e e t  t o  the northeast of 

Well No. 12 had an S.P. base l i ne  s h i f t  of approximately -20 atv. across  Sand 

In t e rva l  No. 2 suggestlug the sand In t e rva l  contained a more s a l i n e  f l u i d  a t  

the base than a t  the top. This is caused by the  electra-chemical emf genera- 

t i ng  cell  (mud 

more poten t ia l  

of the  sand. 

Examination of 

f l l t r a t e / b r i n e /  shale) a t  the  base of the  sand which generates 

than the s imi la r  cel l  (mud f i l t r a t e /b r ine / sha le )  a t  the top 

the deep induction r e s i s t i v i t y  curve shows a lower resis- 

t i v i t y  zone from 4,630 f e e t  t o  4,700 feet .  

brine injected In to  an in t e rva l  357 feet th ick  has segregated due t o  6 

gravi ty  differences between the formation brine and the  in jec ted  b 

Our In te rpre ta t ion  I s  that heavy 

294 



occupies only a thick over a e t  l a t e ra l ly .  
W 

Well No. 10 is located approximately 90 f e e t  west of Well No. ’12 and had 

approximately 497,932 bbls. of brine injected prior t o  the logging of Well 

No. 12 on.December 26, 1978, i n  Sand In te rva l  No. 7 (7,224 t o  7,392 fee t ) .  

A study of the log of Well NO. 12 indicates  brine f i l l s  the in t e rva l  7,370 

t o  7,403 feet .  “he formation r e s i s t i v i t y  ( R t  from Induction Log) of the en- 

tire in t e rva l  i n  Sand In te rva l  No. 7 of Well No. 10 or ig ina l ly  W88 approxi- 

20 ohms. The r e s i s t i v i t  f the  upper par t  

i n  Well No. 12 was approximat 

(7,370 t o  7,403 f ee t )  is  approximately 0.125 ohm. 

There is a l so  a s 

same, but the bottom 33 f e e t  of the sand 

e-base-line s h i f t  of approx 20 mv. across Sand 

In te rva l  No. 7 i n  Well No. 12, ing t he re  is’; t r ans i t i on  from saltier LJ 
water at the base of the sand t o  less s a l t y  at  the top. 

is located approximately 125 feet east of Well 12 (bottom hole 

locat ion)  and had approximately 199,700 barre l s  of brine injected pr ior  t o  the  

logging of Well No. 12 on December 26, 1978 i n  Sand Interval  No. 3 between 

‘ .  

A spinner survey run on Well No* 8 on March 12, 979 indicated. that 75 -per- 

cent .of  the br ine was injected i n  the in t e rva l  5,050 f e e t  t o  5,120 feet .  

The induction curve of Well No. 12 indicates  a brine layer  of approximately 5 

f e e t  i n  t h i c  from 5,033 f ee  fe d i s t i n c t  but not very 

prominent shale interval .  -There is another br ine l aye r  approximately 6 f e e t  

295 



APPENDIX 11: BRINE INVASION FRONT MODEL (Cont'd.) 

th ick  from 5,120 feet t o  5,126 f e e t  above an  even le66 prominent sha le  in t e r -  

V a l  which d e s p i t e  i t s  ins lgn l f i can t  appearance must be continuous between 

L! 

Wells 8 and 12. (Correlat ion is  d i f f i c u l t  i n  t h i s  i n t e r v a l  because of the  

high s a l i n i t y  of the d r i l l i n g  mud used i n  Well No. 8, Run 2.) 

l i n e  s h i f t  across  Sand In t e rva l  No. 3 in Well No. 12 cannot be pos i t l ve ly  iden- 

t i f i ed .  

A shale-base- 

Well No. 7 is approximately 200 feet east of Well No. 12 and had approximately 

308,425 b a r r e l s  of b r ine  in j ec t ed  when Well No. 12 was logged on December 26, 

1978 i n  Sand In t e rva l  No. 6 between 6,630 f e e t  and 6,900 f ee t .  

Although the  completion i n t e r v a l  was 6,630 f e e t  t o  6,900 feet-, a spinner Sur- 

vey run i n  W e l l  No. 7 on March 22, 1979 indicated that 100 percent of 

f l u i d  entered the  upper i n t e r v a l  of the sand occurring a t  6,630 f e e t  t o  6,820 

f e e t ,  which c o r r e l a t e s  with a shale interval a t  6,826 f e e t  i n  Well No. 12. 

Examination of t h e  Induction curve ind ica t e s  a l aye r  of br ine  approximately 

3 f e e t  t h i ck  from 6,823 f e e t  t o  6,826 f e e t  l ies  above t h i s  shale in t e rva l .  

There I s  no ind ica t ion  of br ine  i n  the  lower i n t e r v a l  of Well No. 12 (6,834 

t o  6,918 f ee t ) .  Therefore, t h e  shale i n t e r v a l  is  continuous f o r  the 200 

I f e e t  separat ing the  wells, and the  br ine in j ec t ed  over an i n t e r v a l  of 190 
1 

f e e t  has segregated by g rav i ty  t o  an  i n t e r v a l  of approximately 3 f ee t .  

shale-base-line s h i f t  I n  t h i s  i n t e r v a l  cannot be p o s l t l v e ~ y  iden t i f i ed .  

A 

apprbximate a value f o r  the rad ius  of the  br ine f i l l e d  volume 

top of the  i n j e c t i o n  i n t e r v a l ,  we used da ta  from the Davis backflow f 

Well No. 2. 

296 



APPENDIX 11: BRINE INVASION FRONT MODEL (Cont'd.) 

On the  bas i s  of t he  inves t iga t ion  conducted by Davis3, a f t e r  backflowing only 
LJ 

about 100,000 ga l lons ,  the  ch lor ide  content of the  produced f l u i d  decreased 

from t h a t  of the  in jec ted  br ine  t o  approximately 1. . that of o r i g i n a l  fonnation 

water. 

. -  , ,l 

e radius  of a cyl inder  of formation containing 100,000 ga Ions of br ine  was 

Tcalcula ted  t o  be approximately 7 f e e t ;  therefore ,  the  neares t  formation water 

was only about 7 f e e t  fram t h e  wellbore, and because of the g rav i ty  segregation 

between the  high dens i ty  i n j e c t i o n  br ine  (S.G. 1.197) and lower dens i ty  formation 

water (S.G. 1.08), t h i s  neares t  point should be near the top of the  formation. 

The f a c t  t h a t . a f t e r  t he  i n j e c t i o n  of 230,000 or more ba r re l s  of br ine  i n t o  Well No.  

2, t h e  neares t  point  of formation water is only seven f e e t  away fram the  wellbore 

is add i t iona l  supporting evidence f o r  the g rav i ty  segregation model. cd 

c, 

2 97 
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SHOWING DENSITY SEGREGATION 
(BASED ON DATA FROM BDWs 2,7,8,9,10 & 12) 

298 



APPENDIX I11 
_ . "  " 1 -  FORMATION PRESSUkE AND TEMPERATURE 

HOCTAW INJECTION FIELD , -  _ _  - ~ W 

bottom hole  peratures  from t h e  Bayou Choctaw In jec t ion  F ie ld  
i '  

va$lable. Only temperature da ta  taken during logging runs,  after 

cementing, and a f t e r  br ine  i n j e c t i o n  were ava i lab le . .  The bes t  value'we a r r ived  

at using'tliermometer runs a f t e r '  the  longest  period of no c i r c u l a t i o n  was a 
. _ _ .  . " _. I .  

gradien t  of 1' F per  100 f ee t .  

BHT(FO) = 76 + (Depth(f t )  X 1.0) 
- 100 . . .  1 

, . This value I s  appreciably tower t h m  {he 1.5' per 100 f e e t  i n t e rpo la t ed  from 
t 1 

' t he  geothermal temperature estimated by standard methods, but  agrees'well wi th  

- a l l  t he  o ther  tempera 
. *  

e da ta  we have a v a i l a u e .  
r t  

3 %  

Formation Pressure 
I 

' The only fo-mation pressures  p r i o r  t o  br ine  i n j e c t i o n  ava i l ab le  were. f r a q  ' w 
wire l ine  fo rma t ion - t e s t  results i n  Well No. 1. These are: 

3180 PSk @'6790' gradien t  0.4696 p s i / f t .  
- .  - 

2600 p s i  @,5581' gradien t  0.4673 p s i / f t .  

e was probably giving an  erroneously high reading as the  f l u i d  l e v e l s  

nd 3-26-79 a l l  gave lower gradients .  measured between 3-9-7 

Fluids  Levels ( taken 3-9-79 t o  3-26-79) 

1 3 482 5,052 2,285 04522 

6,619 2,990 04516 
- *. " * -  . -  -4 ;321-  . * *. -1,912 04423 

3 6 
6 -  2 - -  
7 6 6,610 2,993 04527 
8 3 5,033 2,246 .4461 
9 2 542 

2 6 680 ' 6,706 3,013' 04493 
640 

- .  

4,329 1,894 04374 
3,244 04500 10 7 720 ' 7,209 

The bes t  f i t  passing through the  o r i g i n  gives  a gradien t  of 0.4487 psi / foot .  
W 
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3-12-79 
07 : 30: 00 

10: 3O:OO 

14:OO:OO 

3-13-79 
03: 30:OO 
04:(\b:00 
04:30:(ro 
05:OO:OO 
OSr30:OC 
0rj:OO:Oo 

06:30:00 
07:OO:OO 
07:30:00 
08:OO:OO 
08:30:OO 
w:OO:oo 
09: 30: 00 
1o:oo:w 
10:17:00 

10117; 10 
10:17120 
lO:17: 3c 

10:l2;50 
10:t8:00 
10:18:10 
10: 18: 20 

i o a m 4 0  

io: 10 : 30 
io: m 4 n  
10:18-50 
10:13:00 
10:19:10 
10:lr?:20 

3 l O l .  44 
3101.26 
3101.44 
3101.42 
3101.29 
3101.64 
3101.43 
3101.70 
3101.68 

. 3101.83 
3101.93 
3101.92 
3101.90 
3099.41 
3M9.47 

3099.63 

m . 1 2  

3110.84 
3110.73 
3110.72 
3110.66 
3110.71 
3110.70 
3110.84 
3110.79 
3110.76 
3110.72 
3 i i o . n  
3110.77 
3110.71 
3110.74 
3111.15 

3111.65 
3111.95 
3112.19 
3112.38 
3112.45 
3112.53 
3113.20 
311 5.79 
3126.51 
3ue.75 
3232.78 
3274.81 
3329.84 . 
3373.59 

302 

3125.27 
3125.28 
3125.30 
3125.28 
3125.28 
3125.27 
3125.29 
3125.28 
3125.28 
3125.29 
3125.27 
3125.26 
3125.26 
3125.25 
3125.26 

3125.27 

3125.20 

Arrive 01 location. Talk 
WithStanIanlSert (Wxas 
Brine) and try to ooordi- 
mte vel1 tests. 
Start  rigging up QI uella 
1 2, a3, and 17. 
Rigged up on all  3 wells. 
and start in  hole on well 
13. 
Fmn 14:OO:OO -6 until 
03:OO:OO burs (3/13/79) 
experiemed lrmltiple 
pmbl- with rope socket6 
etc.... 
Run depths 6871'. 
* (SUMraa 10 ps~t. on a l l  
pressures on Well I 3 
due to different tap 
eratures.) 

Start  injection i n  -11 
1 3. 



ki 

W 

U 

N\'E k 
TLKE 
3-13-70 
101 19: 30 
10:19:40 
10:19156 
10: 20: [K) 

10: 20:lO 
10:20:20 
1oz2o:u) 
10: 20: 40 
10: m: 50 
10: 21 :oo 
10: 2l:lO 
10:21:20 
10:21:30 
10:21:40 
10: 21 2 50 
10:22:00 
10:22:10 
10:22: 20 

: 30 
lOi22: 40 
10:22:sa 
10:23:00 
10: 23: 10 
16: 23: 20 

' 10:23:30 
10:23:40 
1@:23:50 
10:24:00 
10:24: 10 
10: 24: 20 
10:24: 30 
10:24:40 
10: 24 : 50 
10:25:00 
10:25:10 
10:25:20 
10: 25: 30 
10:25:40 
10:25:50 
10:26:00 
10:26:10 
10:26:20 
10:26:30 
10: 26: 40 

y 282 
u&L u2 

3099.81 

3099.93 

3100.03 

, 

. . I  . %  

3100.15 . 

3125.28 

3837.23 
3818.76 
3805.37 
3810.59 

3125.29 

3872.39 3125.29 
3885.98 , . 

3946.13 
3953.52 

4044.16 

3Q97.01 

3487.92 
3983.16 

303 
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N\TE 6 
Tp(E 

3-13-79 
10:26:50 
10:27:00 
10:27: 10 
10:27:20 
10: 27: 30 
10:27:40 
10: 27: 50 
10: 28: 00 
10:28: 10 
10:28:20 
10:28:30 
10:28:40 
10:28:50 
10:29:00 
10:29:10 
10:29:20 
10:29:30 
10:30:00 
10:31:00 
10:32:00 
10:33:00 
10:34:00 
10:35:00 
10: 36: 00 
10:37:00 
10:38:00 
10: 39: 00 
10:40:00 
10: 41: 00 
10:42:00 
10:43:00 
10:44:00 
10:45:00 
10:46:00 
10: 47: 00 
10:48:00 
10:49:00 
10: 5o:oo 
10: 51:00 
10:52:00 

- 

10:53:00 
10: 54 : I10 
I 0: 55: 00 
10: 56:OO 

3100.18 

3100.24 

3100.33 

3100.32 
3100.41 
3100.47 
3100.48 
3100.45 
3100.34 
3100.20 
3099.96 
3099.77 
3099. U2 
3100.00 
3100.13 
3106.21 
31 00.36 
3100.43 
3100.57 
3100.66 
3100.71 
3509. e2 
~ 0 . e 9  
3100.99 
3101. OR 

3101.18 
3101.24 
3101.33 
ml. 43 
3101.46 

3979.23 
3975.76 
3972.61 
3982.00 
4014.85 
4049.88 
4077.19 
4102.21 
4127.64 
4147.25 
4164.98 
4182.81 
4196.75 
4209.33 
4165.87 
4107.88 
4059.07 
3934.92 
3766.99 
3673.17 
3618.00 
3821. ei 
4092.43 
4273.79 
4341.16 
4368.07 
4382.81 
4393.22 
4404.62 
4415.06 
4423.07 
4427.72 
4430.99 
4433.48 
4436.82 
4440.61 
4442.95 
4444.34 
4445.32 
4444.88 
4443.86 
4443.33 
4444.88 
4445.y 

3125.27 

3125.30 

3125.33 

3125.29 
3125.28 
3125.31 
3125.32 
3125.32 
3125.31 
3125.31 
3125.31 
3175.32 
3125.33 
3125.35 
3125.37 
3125.34 
3125.38 
3125.38 
3125.39 
3125.40 
3125.39 
3125.40 
3125.44 
3125.43 
3125.42 
3125.42 
3125.43 
3125.47 
3125.47 
3125.46 

Injection Pressure = 
1050 PSI. 
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M1E L ._ m- 
3-13-79 
10: 57 : 00 

10: 58 : M 

1@ : 50: 00 
llr00:O 
11 :os: 00 

ll:l@:oo 
11:15:oo 
11 : 20: 00 
11: 25:OO 
11:30:00 
12:00:oo 
12:30:00 
13:OO:OO 
13:30:00 
13:38:00 
13: 39 : 00 
13: 40: 00 
13: 41 : 00 
13:42:00 
1 j: 43: 00 
13: 44 : 00 
13:4S:OO 
13:46:00 
13: 47 : 00 
13:48:0G 
13: 49 : 00 
13:50:OO 
13:51:01) 
13:52:00 
13:53:00 

13:54:00 
13:55:00 , 
13:56:OO 
13:57:00 
13:58:00 
13:SQ:W 
14 : 00: 00 

14 : 05: 00 
14:\0:@0 
14:lS:IK) '- - 

PRonT: L282 
Nnt L2 

3101.54 
3101.62 
3101.69 
3101.74 
3102.02 
3102.24 ~ 

3102. 
3102. 
3102.70 
3102.60 

3103.95 ' 

1 

3104.04 

moRI: u38Q 
Hntw3 

4445.06 

4444.58 
4443. QO 

4413.91 
4442.60 
4443.36 
4445.15 
4446.17 
4447.42 
4449.03 
4452.10 
4459.07 
4469.60 
4474.04 
4474.71 
4441,72 
4240.04 
4232.67 
4268.22 
4297.47 
4315.58 
4 325.98 
4332.00 
4336.06 
4339.03 
4341.16 
4342.81 
4 34 3.78 
4344.95 

4346.76 
4347.40 
4348.M ' 

4348.19 
4345.48 
4348.62 
4349.0 
4 350 ;20 
4350.91 
4351.32 
4351.37 

4 ~ s . e o  

4351.Si 
4351.95 

305 

3125.46 
3125.40 
3135.48 
3125.51 
3125.51 
3125.55 
3125.59 
3125.66 
3126.65 
3125.66 
3125.79 
3125.90 . 
3126.02 
3126.07 

. .  
. 

~. 

3126.14 

3126.14 

RFTvvucs -- 

e~ 

I *  

Injection pwps  were 
switched due to mechanicdl 
problenrs. Injection 
pressure dr@ to 900 
PSI. 



DATE L 

3-13-79 
m 

14:35:00 
14:40:00 
14:45:00 
14:W:W 
14: 55: 00 

15:00:00 
15:30:00 
16:00:00 
16:30:00 
17:OO:OO 
17:30:OO 
18:W:OO 
18: 30: 00 
19:OO:OO 
19:30:00 
20: 00: OO 

20:M:OO 
21:00:00 
21:30:00 
22:oo:o 
22:30:00 
23:00:00 
23:30:00 

3-14-79 
00: 00: 00 
00: 30: 00 

01:00:00 
01: 30: 00 
02:oo:OO 
02:30:rx) 
03:OO:OO 
03: 30: 00 

04:OO:OO 
04 : 30: 00 
05:00:00 
05: 30:OO 
moo:  00 
06: 3G:OO 
07:OO:OO 
07: 30: 00 

08:OO:Oo 
08:!5:OO 

. 

UGBE M2R2 
UFIl. u2 

3104.10 
3104.22 
3104.39 
3104.45 
3104.47 
3104. S6 
3104.69 
3104.71 
3l04.78 
3104.83 
3104.93 
3104.95 
3105.04 
3105.06 
3105.13 
3105.13 
3105.13 
3105.26 

3105.25 
3105.32 
3105.38 
3105.35 
3105.43 
3195.47 
3105.52 
3105.54 
310:. 56 
3105.61 
3105.61 
3105.61 
3105.68 
3105.70 
3105.73 

3105.75 
3105.R2 
3105.83 

FECES w w  
WECt u3 

4351.44 
4351.98 
4352.80 
4458.04 
4461.80 
4461.92 
4458.26 
4463.04 
4463.74 
4463.72 
4464.99 
4467.34 
4465.78 
4466.10 
4467.19 
4465.37 
4465.40 
4464.93 
4464.31 
4463.18 
4463.74 
4464.02 
4463.23 

4463.61 
4463.34 
4464.25 
4463.80 
4463.21 
U1462.53 
4461.92 
4463.26 
4463.87 
4463.87 
4464.37 
4463.82 
4464.77 
4464.78 
4464.60 
4466.41 
4499.77 
4276.m 

306 

FROBE a300 
WELL a7 

3126.19 
3126.26 
3126.30 
3126.34 
3126.41 
3126.46 
3126.51 
3126.56 
3126.57 
3126.60 
3126.66 
3126.68 
3126.69 
3126.72 
3126.75 
3126.76 
3126.77 
3126.78 

3126.83 
3126.86 
3126.85 
3126.90 
3126.89 
3126.91 
3126.95 
3126.95 
3127.00 
3127.00 
3127.01 
3126.99 
3127.06 
3127.08 
3127.09 
3127.08 
3127.13 
3127.15 

L' R b i w w s  

Injediar pressure back 
up to 1020 PSI. 



08:17:0(, 
08:18:00 
08:19:00 
08:20:00 
08:Zl:oo 
08:22:00 
08:23:00 
08:24:00 
08:25:00 
08:26:60 
OR: 27:OO 
08:2a:oo 
oa : 2 9 : ~  
08:30:00 

09:00:00 

3105.00 

3105.91 

44a6.69 
4560.34 
4504.88 , 

4506.03 
4506.37 
4507.13 
4507.35 
4507.70 
4508.02 
4568.7~3 
4509.12 
4SGQ.72 
4509.91 
4510.58 3127.16 

4515:71 3127.20 

09: 30:OO 3105.96 4517. a6 3127.21 
1O:~:Oo 3105.90 4520.05 3127.24 
10:30:00 3105.88 4520.01 3127.26 
11:00:00 3106.01 4520.76 3127.28 
11:30:00 - 3106.02 4522.23 3127.29 
12:oo:oo 3106.04 4523.46 3127.29 
12:30:00 3106.06 4524.34 3127.30 
13:OO:OO 3106.09 4524.74 3127.32 
13:30:00 3106.08 4526.23 3127.32 
14:OO:OO 3106.10 4525.83 3127.34 
14:30:OO 3106.10 4526.70 . 3127.36 
15:00:00 ' 4526.64 3127.38 
15: 30: 00 3106.10 4526.94 3127.39 

ia: 30:m * 3106.15 4530.15 
17:0(1:00 3106.17 4514.43 3127.45 
17: 30:W 31%. 21. 4265.25 3127.46 
18:00:00 3100.21 3495.08 3127.37 ' 
18:30:00 3102.52 4525.88 3127.34 
l9:oo:oo 3104.68 4533.67 3127.39 
19:30:00 3105.53 1- 4538.11 3127.40 
2o:oo:oo 3105.95 4540.08 3127.39 

- 20:30:00 3106.09 4543.59 3127.46 
21:no:oo 3106.18 4544.13 3127.50 
21:30:03 3106.14 4546.19 * 3127.55 
22: cn: or) 3106.16 4545.3: 3127.56 
?2:30:@0 3106.25 4547.04 3127.57 

16:OO:OO 3106.16 4527.11 

-- 

Injecticm Pressure dmpp I 
to 700 PSI. 

Injection Pressure back 
up to pint prior to last 
ampase. 
Increase to 1120 PSI. 

Lost signal on well I 2 
fran 14:38:00 until 
15:24:00 (Land line w) 
Injection eratic due to 
washing back of filters on 
injectiopr pmp. 

A t  17:30:00 pnp vent Cut 
until 18:OO:OO. Began 
building back up at 18:OO. 



tmTE & 
TIM: 

3-14-99 
23: 00: 00 
23: 30:00 

3-15-99 
00:oo:oo 
00:3@:00 
01:00:00 
01:30:00 
02:00:00 
02:30:00 
03:00:00 
03:30:00 
04:00:oo 
04:30:00 
05: 00: 00 
05:30:00 
06: 00: 00 
06: 30:OO 
07:00:00 
07: 30: 00 

' 08:oo:oo 
08:30:00 
09:@0:00 

09:30:OO 
10:00:00 
10:30:00 
1l:Oo:W 
11:30:00 
12:00:00 
12:30:00 
13:OO:OO 
13:30:00 
14:OO:OO 
14: 30: 00 
15:oo:oo 
15: 30:OO 
16:Oo:OO 
16:30:00 
17 : 00 : 00 
17:30:00 
18: 00: 00 
18: 30: 00 
19:oo:oo 
19:3O:Oo 

Knm3.f HOLE mFsslnu? (PSIA) 
M - U  282 FRonEM389 HIORE L 300 
_1_1- WL L 2  -- WFIL It 3 m1i7 

3106.27 4547.61 3127.56 
3106.24 4548.94 3127.57 

3106.30 
3106.29 
3106.30. 
3106.29 
3106.32 
3106.30 
3106.36 
3106.33 
3106.40 
3106.36 ' 

3106.36 
3106.38 
3106.37 
3106.39 
3106.44 
3106.44 
3106.50 
3106.54 
3106.57 
3106.5U 
3106.47 
3106.45 
3106.52 
3106.48 
3106.37 
3106.31 
3106.21 
3106.18 
3106.17 
3106. io 
3106.09 
3105.97 
3105.97 
3100.88 
3099.07 
3103.48 
3104.91 
3105.47 
3105.76 
310s. 84 

4549.95 3127.58 
4550.72 3127.58 
4552.64 3127.76 
4552.33 3127.61 
4554.49 3127.62 
4555.72 3127.62 
4556.18 3127.62 
4559.10 3127.67 
4557.34 3127.67 
4556.60 3127.67 
45%. 35 3127.69 
4556.08 3l27.69 
4556.71 
4557.16 
4554.62 
4554.44 
4554.60 
4555.45 
4554.28 
4556.72 
3239.56 
3116.07 
3113.87 
3113.52 
3113.30 
3113.17 
3113.05 
31131 15 
31 12.98 
3113.00 
3113.01, 
3113.05 
3113.01 
3113.01 
3112.94 

, 3112.95 
3112.R9 
3112.86 
3112.84 
3112.81 

3127 ;68 
3127.69 
3127.72 
3127.75 
3127.74 
3127.74 " 

3127.74 
3127.75 
3127.72 
3127.54 
3127.41 
3127.27 
3127.19 
3127.03 
3126.96 
3126.92 
3126.87 
3126.84 
3126.78 
3126.73 
3126.69 
3126.67 
3126.64 . 
3126.60 
31 26.57 
3126.55 
3126.53 
3126.49 

Stoppea injection in Well 
I 3. 

. .  

. .  
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PROBE Y a2 m~ w 389 PROW a3 
wmLfv3 HFlLw7 

3112.80 3126.46 
3112.75 3126.44 * 

3112.71 3126.40 
3112.69 3126.38 
3112.66 3126.34 
3112.67 3126.30 
3112.65 3126.31 
31 12.60 3126.28 

3112.57 3126.27 
.3112.58 3126.21' 
3112.55 3126.22 
3112.52 3126.19 
3112.53 3126.18 

' 3105.22 3112.48 3126.16 
~ 03rOO:OO 3112.49 3126.14 

03: 30 : 00 3105.21 3112.47 3126.15 
04:eO:cK) 3105.15 3112.49 3126.13 
04:30:0O0' . 3105.14 3112.42 3126.13 
05:IK):Oo 3105.13 3112.43 3126.10 
05:30:00 3105.12 3112.43 3126.11 
06: 00: 00 3105.15 3112.43 . 3126.07 

' 06:30:OO 3105.15 3112.41 3126.09 
07:OO:OO 3105.09 3112.40 3126.07 
072 30:00 3105.14 3112.39 3126.96 
o8:oo:oo 3105.11 3112.40 3126.05 
08:30:00 3105.13 3112.39 3126,OS 
a9:00:co 3126.03 
09~30:00 3126.03 
l l :00 :0  

. .  

REMARKS 

Start out of hole with 
Pressure Rrbes In wells u 2, and n 3. 

Ry 1l:oo:oo herurs we were 
aut af hole QI a l l  3 uella. 
R i g u p m w e l l M  3with 
'Rxperature Probe and 
Pressure Robe. Go into 
hole Wring qradicnt 
6- and 1 m i l l g  fm 
6400' ta 6914' T.D. 
ODneCted 11' with ca 
(11 'Deep) . 

58.3 Surface 
11.4 1,000' 
77.9 2,000' 
84.0 3, OOO' 
93.4 4,000' 

101.2 5,000' 
108.3 6,000' 
114.1 ' 6,500' 

AS/ Tarperature b~ B.H.T. 
70. d BHT . 
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- 
3-16-79 . 
1s:60:00 

19: 00: 00 

3-17-79 

~ :. 

. . !'. 

. .  

. .  

Rig up an Well I 2 with 
TBIperature €tote ard az. 
Go Into ble taklng grad- 
ient stops and logging 

Terperature As/ kg. 
carrecesd 7' (7' high). 

fm 6400' to 6968 T.D. 

2PE- 
58.4 
67.8 
77.9 
87.1 
97.4 
106.8 
116.4 
66.7 

= D m m  
j =face 

1,OOO' 
2, 000' 
3,000' 

' 4,000' 
9. OOO' 
6.000' 
B.H.T. 

StagGed rigbing -bawn 
due to nightfall. 

I I . ,  

Finished rlgging down 
and returned to H3usta 
base. 

. I '  

i .  

I -, 

L 
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APPENDIX V 

BAYOU CHOCTAW 

WELL INJECTION HISTORIES: 

WELLS 2 TO 11 

See PLATE I V  For 

Hole Locations And Inject ion 

Sand Assignment 

V I  - Volume Injected To 
Date Indicated 

ZT - Zone Thickness Of 
Inject ion Interval  

311 



BAYOU CHOCTAW FIELD 
BPD/PSI Vr. INJECTION DAYS 

WELL N o 2  SAND N o 6  
PAD 1 

V I  563,000 BBLS. (THIS PERIOD ONLY) 
Z T  238' 

OPERATING ci 

7 7  
',/ , 
L C - 4 .  

I , ., , ,, _I , 

c _*--eC 

... . - 

_I-- 
- 

- -  

:=--=I-- .I 1 REPORTED OPERA TiNG 
CONDITIONS 1 

1100 

loo0 

PREVIOUS 900 
INJECTION 

600 

5; 700 
p. 

YI 600 
V 

(IC 

=) A00 v) 

300 

200 

100 

0 

9 500 

INJECTION DAYS (----NON INJECTION DAYS ) 
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BAYOU CHOCTAW FIELD 
BPD/ PSI  VI. INJECTION'OAYS 

WELL No.3 SAND No.6 
PAD 2 

V I  1,344,000 681s. 
Z T  245' 

c-- 
I 
I 

" .  . . .  

0 

3 e 
INJECTION DAYS (----NON INJECTlOtl DAYS ) 
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BAYOU CHOCTAW FIELD 
B P D t P S I  Vs. INJECTION DAYS 

WELL No.4 SAND No.5 
P A D  2 

V I  1,036,000 BBLS 

i 

Z'T 172' 

I , , . .  1 DARCY 
', ,' ' /  ' 

9( 

a0 

70 

60 

- 
I 

I 

30 

20 
INITIAL 

INJECTION 

10 

0 

1 
__ +--- 

I 

I 
i 

--- __ 

I 
h" h 

r? 
0 - 

I 

0 

VI N 

0 1  
E ,  
L 
N - - 

INJECTION DAYS (----NON INJECTION DAYS ) 
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BAYOU CI.(OCTAW FIELD 
B P D / P S I  Vs. INJECTION DAYS 

WELL No.5 SAND No.3 
PAD 2 

V I  346,000 BBLS. 
Z f  312' 

90 

80 

70 

60 
INITIAL 
INJECTION 

8 

a" 

20 

IO 

9nn 

800 

w 600 
U 

CIC 3 400 

2 500 

300 

200 

I 100 

0 
, d 

7 2 c 

c c c 

INJECTION DAYS (----NON INJECTION DAYS ) 

3 15 \ 



BAYQU CHOCTAW FIELD 
BPDIPSI VI. INJECTION DAYS 
WELL No.4 SAND No.2 

PAD 2 
VI 579,000 BBLS. 

Z T  310' 
BO 

70 

I 

I 
c - 
2 

---I-- 

-It--- 

INJECTION DAYS (----NON INJECTION DAYS ) 
316 , 



bi AW FIELD 
BPO/PSI Vr. INJECTION DAYS 

WELL No.7 SAND No.6 
PAD 3 

V I  706,000 BBLS. 
Z T  270’ 

7c 

60 

10 

0 
1300 

200 

100 

0 
h” 5‘ e 

ci Y hl 

k F 
c c 

2 5 & 
? 

F 

INJECTIONDAYS. (---- NON INJECTION DAYS 
Z c L  c z F 

If 
I 

c 
c 



. INITIAL 
INJECTION 

- 
u x  m 
P, 
\ 
n 
m X  

i o  

0 

BAYOU CHOCTAW FIELD 
B P W P S I  Vs. INJECTION DAYS 

WELL No.8 SAND No.3 
PAD 3 

V I  387,000 BBLS. 
ZT  230' 

I 

I- -_ - __.. . ._ 

t I 1  I 

INJECTION DAYS (----NON INJECTION DAYS ) 

318 

li' 
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AYOU CHOCTAW FIELD 
VI. INJECTION DAYS 

WELL N0.9 SAND No.2 
PAD 3 

ZT 357' 
VI a78,ooo BBLS. 

- INITIAL 



- 
BAY611 CHOCTAW FIELD 
B P D I P S I  Vs. INJECTION DAYS 

WELL No.10 SAND No.7 
PAD 3 

V I  633.000 BBLS. L’ 

INlTlk . 
MJEClION 

INJECTION DAYS (----NON INJECTION RAYS ) 
3 20 



BAYOU C AW FJELD 

V I  126,000 BBLS. 
Z T  243' 



APPENDIX VI 

CHEMISTRY, TURBIDITY, AND SUPPLEMENTARY 

CHEMICAL DATA T HACKBERRY BRINES 

3 22 



TABLE VI-1. Chemistry of ,West  Hackberry br ines .  

Cons t i t uen t ,  mg/& 

++ H a ;  c1- Sa 
P I  Dissolved 

Date PH SI/& Fe SO: Ca 
-- 
Sample loca t ion :  Pond inf low 

January  5, 
January  6, 
January  7, 
January  9,  
January  10, 
January 11, 
January  12, 
January 13, 
January  14 ,  
January 15, 

1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 
1979 

Sample loca t ion :  

January  5, 1979 
January  6, 1979 
January  7,  1979 

, January  9, 1979 
January  10, 1979 

. January  11, 1979 
January  12, 1979 
January  13, 1979 
January  1 4 ,  1979 
January  15, 1979 

W ,  

Sample loca t ion :  

January  5, 1979 
January  6, 1979 
January  7 ,  1979 
January  9, 1979 
January  11, 1979 
January  12, 1979 
January  13, 1979 
January  14,.  1979 
January  15, 1979 

u -- 
7.6 1.192 
7.5 1.184 

7.9 1.000 
7.7 1.098 
7.9 '1.010 
7.5 1.171 
7.9 1.000 

- -- 

Pond outflow 
7.6 1.185 
7.6 1.183 

7.6 1.185 

7.6 1.189 
7.7 1.175 
7.6 1.166 

7.6 1.165 

Injection S i t e ,  

7.6 1.183 

-7.6 1.186 
7.6 1.187 

7.6 1.167 

- 
- - 

7.7 1.169 

- L 

e -- 

7.6 1.177 

7.6 1.163 
7.7 1.167 

0.75 

0.24 
0.17 

0.57 
0.30 
0.48 
0.15 
0.61 

-- 
_- 

0.75 
0.42 

0.18 

0.11 I 

0.26 
0.90 
0.32 
0.24 

- 
. -  

0.60 
0.28 

0.26 

0.48 
0.95 

- -- - -- -- -_ *- - 
1475 660 294 184,000 
1475 640 293 176,000 -- -- -- -- 

7 42 342 1,906 
e -- -- 94,700 

68 -- -- 13,640 - -- -- 155,000 -- -- -- 1,130 
. 

- -- -- -- 
1250 569 296 175,000 -- - -- _- 
1375 628 293 176,000 -- -* _- L- 

1450 640 291 . 183,000 - _- e- 173,000 
1200 -- - 160,000 - -- -- 161,000 -- - u 

I 

c -_ -- - 
1250 580 303 . 3,000 -- -- _- L- 

1250 609 293 . 176,000 
1375 621 -- 179,000 
Y - Y 172,000 

1125 - -- 160,000 
Y u ' - 155,000 -- -- -- . 156,000 

I 

' 323 
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TABLE VI-2. Turb id i ty  a t  West Hackberry. 

I 

Turbidi ty ,  NTU, of ind ica ted  sample 

Pond Input  Pond Output I n j e c t i o n  Site 

Average Range 
Daily Dai ly  Dai ly  

Date Average Range Average Range 

January 6, 1979 - 
January 7, 1979 

~ ~~ 

1.42 1 . 0-2.5 * 4.3 
2.05 1.6-2.5 1 -- 

1.3-7. 4 
-- 

January 8, 1979 0.74 0.6-1.0 1.15 0.98-1.6 -- -- 
January 9, 1979 0.60 0 . 26-1.4 

January 10, 1979 1.77 0 . 54-4 . 4 

January 11, 1979 0.95 0.7-1.2 

January 12, 1979 1.35 0.9-1.8 
January 13, 1979 0.75 0.75 

January 14, 1979 0.86 0.71-1.0 
January 15, 1979 0.62 0 . 58-0 . 65 

0.71 0.61-0.85 -- _- 
1.24 0.66-1.61 

1.63 1.20-2.0 2.0 2.0 

-- 0- 

-- -- 13.0 2.2-20.0 
4.8 4.8 -- -- 
3.43 3.1-4 . 0 - -- 
2.3 2 . 2-2.4 - -- 

c 



c 

TABLE VI-3. Supplementary chemical da t a  for West Hackberry brines. 

Pond Inflow Ponded B r i n e  In j ec t ion  S i t e  
Consti tuent 1/5/79 1/12/79 1/5/79 1/12/79 .1/9/79 1/12/79 

44 240 428 489 487 503 ’ Calcium, mg/a 
Magnesium, mg/R 11 9 9 9 9 8 9  

Chloride, mg/R 2,577 92, 576 1818 770 165 8 563. 180 8 712 166 8 406 

348 34 9 297 290 295 300 Bicarbonate 8 mg/R 
Carbonate, mg/R ND ND ND ND ND ND 

0.05 ND ND Nn - ND 

0 
h) 
vc 14 438 1, 300 1,075 1,300 1,29 sulfate, mg/R 

Sul f ide ,  mg/R 

Spec i f i c  g r a v i t y  1.003 1.105 1.190 1.183 1.191 1.18 

7.85 7.72 7.74 7.70 7-70 7-70 Pa 
a - 0.060 - 0.045 0.043 0.044 Res i s t iv i ty ,  ohm-m 

a Calculated. 

bNone detected . 
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TABLE VII-1.  Chemistry of Bayou Choctaw brines. 

Constituent, mg/R 

- 
H2s c1- f U 

p, Solids,  Fe Fe 

Hm3 Date Pur g/& ppm F i l t r a t e  Total SO4 Ca 

Sample location: Cavern 18 
January 27, 1979 6.86 1.196 I 

February 1, 1979 . 6.79 1.197 - 
Sample location: Cavern 19 

" -. 1 

.. . 1.197 '. I -  
6 

Sample location: ,Ponded brine 
January 25, 1979 1.195 
January 26, 1979 1.198 

w January 27, 1979 6;79 1.196 

Sample location: Injedti im pad' 
January 25, 1979 7.0 

January 27 , 1979 

Sample location: Cavern Lake water 

h) 
21 

January 26, 1979 

January 29, 1979 7.8 1.0 
January 30, 1979 . - =  Y 

January 31, 1979 e "  

u 

I 

0.14 - 
u 

0.17 
I-- -- 

0.36 - -- 

0.33 -- 

-- 

0.30 
0.34 

' 0.37. 

*.- 
' 6.88 
- 0.53 

0.46 

* -  

1.0 
u -- 

833 465 148 193,000 -- 
-- -- -- 190,500 C0.1 

_ -  I- ~ 

- 191 , 400 - -- 

700 398 148 190,000 
I - - 193,000 

I -- -- -- 192,000 

650 380 159 187,000 -- - -- - 183,500 I* -- -- -- -- 182,000 -- 
i '  * 

17 0.28 103 53 ' - 
-- -- -- -- - ' <0:1 
- - - - -- 
. . . . . . . . . . . . . . . . . . . . . .  ........ . . . . . . . . . .  I .I . .~ , ~ . ~ 

. ,  . .  
. ,  _ .  < 

. .  .. _ _  . . . .  - . . .  
. _  

. . . . . .  , .- . . . . . .  . . . . . . . . .  - .. -.. 
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TABLE VII-2. Chemistry of Bayou Choctaw weak {leach)  brine.  

Cons t i tuent ,  mg/R 

- 
Ca++ HC03 c1- t 

p, S o l i d s  Fe Fe 

s04 
Date T h e  PH g/m% ppm F i l t r a t e  To ta l  

January 29, 1979 

January 30, 1979 

January 31, 1979 

February 1, 1979 

February 2, 1979 

February 3, 1979 

0850 - 
0930 - 
1010 - 
1100 - 
1150 - 
1330 6.63 

1530 6.41 

1330 6.41 

0800 6.34 

0830 * 6.50 

0820 6.50 

0815 6.40 

1.179 - 
1.177 - 
1.177 -- 
1.182 - 
1.178 - 
1.176 10 

1.176 - 
1.173 - 
1.168 -- 0.60 

1.166 - 0.43 

1.165 ' 23 0.62 

1.162 -- 0.55 

-- 
-- 
e 

-- 
-- 

0.68 
-- 

0.83 

0.97 

1.33 

1.2 

1.6 

101 

92 
-- 

168,300 

167,400 
169,200 

168,300 
169,206 

167,400 
166,500 

163,900 

157,700 

157 , 700 

155,000 

154,200 

c 



TABLE VII-3. Daily average turbidi ty  a t  Bayou Choctaw. 

Turbidity, NTU, of indicated sample 
ts 

Ponded 
Strong 

Date Cavern 18 - brine Pad brine 

70 I January 25, 1979 0.7 ’- 1.6 . 8.8 __ -- January 26, 1979 I 1.4 4.4 
-- January 27, 1979 - 1. 5 4.0 

January 28, 1979 I _- -- 
-- January 29, 1979 - -- 5.6 
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' W  
W 
0 

TABLE VII-4. Supplementary chemical data for Bayou Choctaw b r i  S. 

Pond Ponded Weak Weak Cavern Lake Well 
inflow, brine,  brine, brine, water water , 

Constituent 1/26/79 1/26/79 1/26/79 2/1/79 1/26/79 1/30/79 

Total so l idspa  mg/% 
a 

sodium, mglll 
Potassium, mgb 

Iron, mgP, 
Barium, mg/% . 

Calc ium,  mgb 
Magnesium, mg/R 

Chloride, mg/R 
Bicarbonate, mg/a 

Carbonate, mg/R 

Sulfate ,  mgh 

Total  organic 
carbon, mg/a 

Specif ic  grav i ty  

PH 
Res i s t iv i ty  , ohm-m a 

312 ,051 

122,227 - 
0.26 
hC 
2 96 

13 

188, 533 
272 

ND 
710 

6 

1.204 ' 

6.86 
Y 

312 , 810 

122,606 
- 
0.32 

ND 
232 

11 

189, 062 

274 

ND 
62 5 

6 

1.208 

6.83 
-- 

273 , 649 

106 , 315 - 
0.66 

ND 
928 
72 

164,966 

168 

ND 
1, 200 

5 

1.181 

6.52 

0.045 

253 , 463 

96,407b 
1,382 

0.4 

ND 

960 
690 

153 v 130 
94 

ND 

.no0 * .  

- 
1.168 

6.43 

0.043 

215 756 

4 1  
-- 
1.3 
ND 

18 

98 -- 
0.27 

ND 

69.6 
6 26.9 

52 63.3 
83 495.9 

ND ND 
1 4  2.0 

13.4 - 
1.001 1.003. 

7.18 7.64 
> 10 -_ 

a 

b97,000 mg/a by atomic absorption. 

%one detected . 

Calculated. 
' 

c c 
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TABLE V I I I - 1 .  Chemistry of Bryan Mound br ines .  

Cons t i t uen t ,  mg/R 

W w 
N 

Date 
- 

Ca++ HC03 c1- se P I  Fe Fe 
PH g/mR f i l t r a t e  total so4 

Sample location: Cavern 5 

February 25, 1979 6.80 

Sample location: Cavern 4a 

February 27, 1979 11.05 

Sample location: Ponded brine 

February 23, 1979 6.89 
6.80 

February 24, 1979 6.86 
February 25, 1979 6.94 

6.97 

February 27, 1979 6.95 

February 28, 1979 6.90 
6.87 

February 26, 1979 6.71 

6.79 

1.198 1.35 

1.196 0.02 

1.194 
1.194 
1.193 
1.197 
1.195 
1.192 
1.177 
1 . 188 
1.190 
1.190 

Sample location: Inject ion si te 

February 26, 1979 6.70 1.193 
February 27, 1979 6.93 1.180 

Sample location: River water 

- 
0.26 

0.34 
- 
I 

0.63 
0.34 

0.45 
0.30 

-- 

1.70 

0.07 

1.0 

1.7 

1.8 
1.8 

1.95 
1.8 

-- 
-- 
-- 

February 24, 1979 8.08 1.0 0.28 0.43 

3000 901 110 196,700 

3500 

-_ 
2300 

2375 
u 

- -- 
2150 

-L -- 
e 

_- 189, LOO 

189 , 600 
190,500 
192,200 
192,200 -- 
184 , 300 
175,400 
180,700 
185,200 
189,600 

80 58 153 240 

aThis sample also conta ins  32 mg/R Na2 C03 and 100 mg/R NaOH. 

c G c 



TABLE VIII-2. Daily average turbidity at  Bryan Mound. 

Turbidity, W U ,  of indicated sample 
Ponded 
Strong 

Date Caverh 5 brine 
-- -- February 23, 1979 - 9.5 

February 25, 1979 ~ 2.3 1 

February 26, 1979 - 15.3 12 

February 24, 1979 - I 32 
-- 1 



TABXJ3 VIII-3. Supplementary chemical da t a  for Bryan Mound br ines .  

~~ 

Ponded I n j e c t i o n  River 
Cavern 4, Cavern 5, brine, site, water 

water" Cons t i tuent  2/27/79 2/25/79 2/26/79 2/26/79 , 2/26/79 

317,402 291,830 278,769 308,314 . 528' 117,217 To ta l  s o l i d s ,  mqfi 

110 40,492. sodium, b mq& 123 648 113 498 108,371 119,452 

Potassium, mg/R 2 98 284 274 1,158 5 440 

b 

Iron,  m g f l  0.02 1 1 0.8 1 3 

Barium, mg/R NDc ND ND ND ND 15 
Strontium, mgfl 40 -.- - 40 - . 203 , 

Calcium, mgA 59 0 740 742 585 . 43 2,940 

w MagMSiUm, qfl 0.2 14 11 13 12 1,158 
Chloride,  mg/R 189 ,855 175,429 167,503 184,951 146 71,422 

w 
I b  

-. 
. Bicarbonate, mgfl ND 114 117 114 133 89 

Carbonate, mgb 17 ND ND ND 8 ND 

Hydroxide , mg/R 34 

carbon, mgh 16 6 6 39 16,  35 

Sulfate, mgh 3,000 1,750 1,750 2, 000 70 15  - -- -- -- -- 
9.- T o t a l  organic 

i -  

Specific g r a v i t y  1.204 1.203 1.199 1.198 "1. 000 1.083 

PH 10.7 6.54 7.22 6.80 

R e s i s t i v i t y  , ohm-m 0.038 0.052 0.054 0.070 

%la b o t t l e d  sample of undetermined q u a l i t y  from I n j e c t i o n  Well 1 
(suppl ied by Parsons-Gilbane) . 

bCalculated. 
C None determined. 



L 

APPENDIX IX 



W 
W 
o\ 

SPR NEHBRANE FILTRATION TEST DATA RUN:WH-l0P 
DATE: 8 JAN 79 PSIC: 58 FILTER: 8,4N SS(flC/L>: 1,85 VOLCL): 5,3 

RAW BRINE PONDOUT 

L 4 I N  LITRES 

0,200 
8,380 
0.408 
0.  500 
8,600 
0,700 
0,800 
0,908 
1 000 
1,100 

4.200 
1 380 
1 400 
1 500 
1 600 
1 700 
1 800 
1 , 900 
2,000 
20 100 
2.200 
2,300 
2,400 
2, 500 

MINS 

8, 35 
&58 
& t 0  
0,90 

1,50 
1,80 
2e15 
2,50 
2,90 
3,30 
3. 70 
4,20 
4.70 
5*10 
5e60 
6.18 
6,70 

8.75 

ie2e 

7m28 
a, 10 

9030 
9 ,  90 

rem60 

0,571 
0,667 
0,500 
8,500 
0,333 
0, 333 
0,333 
0,206 
0,206 
0,258 
0,250 
0,250 
0,200 
0,200 
0.250 
0,200 
0,200 
0,167 
0,200 
0, i l l  
0,154 
0.182 
0,167 
0,143 

F 
L 
0 
W 
R 
A 
T 
E 

10 I . , 
I 
I 

I 
I 

, 
E . 

1 
I 

I . I I I 
1 

I 1 I 

I 
I I 

i I 
I I 

0,01 i 
I I I 

1 
I 
I 

I I 

I I I 
I 
1 

I 
I 

I 

I I 
I 
I 

1 

8,001 I 
0 5 10 15 20 25 

(L/M) CUMULATIVE FLOW <L>  

c c 



c 

RRW BRINE PONDOUT . 

LITRES PUNS L/MIN 

2.580 18.68 
2.608 11.28 
2.788 11.98 
2.888 12.60 
2.980 13.30 
3.000 13.90 
3,180 ~ 14.60 
3.280 15.40 

3.400 16.7s 

3 . m  19.00 0.125 
3.800 19.80 0. 125 '- 

3.908 28.68 
4,800 21.20 
4.100 22.00 
4.208 22.85 0.11% 
4.308 23.65 0.125-' 
4.408 24.50 0 ,  Sl8 
4.500 25.35 0.11% 
4.680 26.20 0.118 
4.700 27.05 0,118 
4.800 27.90 0.118 
4.900 28.80 0.111 
5.888 29.70 0 .  i l l  
5.180 30.55 0, I18 
5,280 31.40 8.118 

3.300 i6.0e 

. 3.506 17.45 
w 3.600 18.20 
w 
4 



SPR MEMBRslNE F I L T R A T I O N  TEST DATA RUN: WH-16P DATE: 10 JAN 79 PSIC: 50 F I L T E R :  8 . 4 N  SSCMG/L>:  1 .12 1.h3LcL.1: 6 

RAW BRINE PCIt4DOUT 

L I TRES 

0m 106 
0 .  200 
0.  360 
Om 480 
0. 580 

u 8.608 
u 03 0.  700 

Om 880 
B. ,480 
1 808 
1.108 
1 . 280 
1 . 308 
1 . 400 
1 . 580 
1 . 608 
1 . 768 
1 . 888 
1 . SSS 
2.888 
2. 180 
2.288 
2.300 - 
2.400 

r i  I t4s 
Om 10 
0 . 2 0  
8.38 
0.40 
8 . 5 8  
8 . 7 9  
1 85 
1.28 
1 GO 
1 91.5 

2 . 5 5  
2.90  

3.65 
4 s  05 
4 .45  
4; 90 
5.38 
5.78 
6.18 
6 .58  
7.0Q 
7.45 

3 3 3  
b. bL. 

7 3r 3.  SJ 

L 9' 1.1 I t4 

1 . 80k3 
1 . 008 
1. OGlO 
1 m 008 
0.556 
8.476 
0.385 
0.435 
0.313 
8.333 
O m  313 
Om 383 
8.286 
0.286 
8. 250 
0.250 
0.258 
6 .  LLL 
0.258 
8.250 
0; 250 
0.290 
6.280 
8.222 

P P C  

F 
L 

, 15 
w 
R 
A 
T 
E 

18 

1 

1 1 

1 1 
1 

0 * 1  

1 
1 1 1 

1 
1 
1 

1 
1 

CUMULATIVE FLOW (L )  



c 

W 
W us 

RRW BRINE PONDOUT 

L f TRES MINS W M I N  

2.408 Tm 45 
2, SBQ ? m  98 
2,668 80 40 
2.708 8 m  90 
2.808 9.40 
2m90Q 9.90 
3.000 10.40 

3m-200 11.45 
3.3Q 12.00 

3.500 13.15 

3.180 10.90 

3.40 12.55' 

3.608 13.70 
3.?00 . 14.38 
3.800 14m90 
3.900 15.50 
4.088 16.10 

4.388 17.80 
4.480 18.40 
4.500 19,10 

4.700 20.40 
4.800 21.18 

5.108 23.20 

4.688 19.70 

4m90B 21080 
5.800 22.58 

Sa280 23.98 
5,300 24.78 
5.408 25m4B 

\ 

0.222 
. 00222 

00 200 
0.200 
0,208 
8.200 
00200 
0.200 
Om 182 
0.182 
O.mt 182. 
0,167 
O m  182 
8,167 
Om 167 
0.167 
0,167 
0.208 
Om 167 
Om 167 
8.167 
0.143 
0.167 
8,143 
0.143 
Om 143 
0.143 
0,143 
0,143 
8,125 
8m 143 



.~ . .... .. . ~ .  . . ... , . . . .. .. . -  - . . . .  , .  ~~ ...- . - ~  ~. . . . .  . .  . .. . .. .. 

RAW BRINE 
L I TRES MINS LRMIN 

5.400 25m40 8.143 
SaS88 26.20 8.125 
SmtfSS 26.90 0.143 
5.700 27.70 0.125 
5,8130 28.50 0.125 
5mfrOO 29m30 0,125 
6.089 30.18 

c 



c 

SPR MEMBRANE FILTRATION TEST DATA RUt4t WH-19P 
DATE: 11 JAN 7'9 PSIC: 50 FILTER: 8.4N SSCMWL): 1.69 

R A W  BRINE PONDOUT 

MItJS L.'M 

2.68 @.'ZglO 
5.20 8.167 

2 ; m a  12.55 8.099 
2.608 13,78 0.887 
2.700 14.85 0.087 
2.868 16.08 0,887 
2,988 17,20 0.083 

3 .9  

. 
I I 1 1 1 1 
I 
IO 

I 
I 

1 
1 

1 
1 

1 
1 

I 
I 

1 

1 
1 1 

1 1 

I 1 1 

I 

8.881 



RQM BRINE PONDOUT, 

L I TRES MINS LJMIN 
2m9QQ 17m20 8,083 
3.880 18.58 0.077 
3,100 19.80 0.077 

3.306 22.40 0.071 
3.400 23.70 8.077 
3.500 25m10 80071 

3.200 21.00 0,083 

3.680 26.60 0.067 
3.708 25.80 0.071 
3.800 29.45 0.069 ' 

3.900 31.18 Om061 

e 



C c c 

SPR NEMBRANE FILTRATION TEST DATA RUN: GJH-20P 
DATE: I t  JAN 79 PSXC: 58 FILTER: 8m4N SS(tlC/L>t .9S VOL(L): 3.8 

L 

RAW 8R 

.ITRES 

2.488 
2.608 
2.804 
3.88% 
3.200 
3.488 
3.608 
3.800 

INE PONDOUT 

PIINS L m t d  

1.70 0,286 
2.70 0.200 

6.50 0.143 
8.10 0.125 
9.83 8.116 

llm4G3 8,127 
13,40 0.100 

22.63 0.882 
25.28 8.078 

30.80 0.869 
27.98 0.874 

10 

F 
L 
0 
W 
R 
9 
T 
E 

1 

0.1 

0.01 

0.001 

< L, 

I . 
U I 

I 
I 
I 

1 
1 

I 
I 

'M :I CUMULAT I tJE FLOW CL) 



DATE: 
SPR MEMBRANE FILTRATION TEST DATA RUN:WH-24P 

14 JAN 79 PSIC: 50 FILTER: 8.4N’ SSCMWL) :  b ,65 VOL<L): 2.2 

RAM BRINE PONDOUT 10 =t 
I 

I 
I 

I 
I 

. 
I 

, 
I 

L I TRES 
0.208 
8.408 
8. 600 
8.880 
1 800 
1 a 2c30 
1 480 
1 600 
1.880 
2.080 
2.200 

M I  tis 
0.55 
1.40 
2.58 
3.95 
5.85 
7 .  90 

10.45 
i3 .  30 
16.38 
19.85 
23.45 

LNMIN 
8.308 
0.267 
0.182 
0.138 
0.105 
0.898 
0.878 
0.070 
(3,065 
0.858 
0. 056 

F 
L 
0 
w 
R 
fA 
T 
E 

I 

1 :  
I I I I 

I 
I 

I 
I 

1 
I 

1 
I 

I I I 

I 
I 

1 
I 
I 

I I I I 
0.1 I 

I 
I 

I 
I 

1 I I I 

0.001 f=EEEH 0 5 10 15 20 25 

BT c 



op 

* 

H
 

4
 

Q
) 

Q
 

0
 

.. W
 

Q
J

 
a: 

345 

r
 



SPR MEHBRANE FILTRATI0t.l TEST DATA RUN:WH-21 DATE: 10 JAN 79 PSIC: 58 FILTER: 0a4N SS(MC/L): a23 VOL(L>: 2 a 2  

I 

I < I  

RAW BRINE: INJECTION PAD 

I 
I 

L ITRES 

0,100 
0.200 
0.300 
0.400 
0.500 
8.600 
0,708 
0.808 
0.900 
1 a 008 
l a  150 
1 a 388 
1 . 400 
1 . 588 
1 600 
1 . 700 
1 a 880 
1 a 900 
2.880 
2,100 
2.200 

w 
lh 
o\ 

MINS 
0 3 2  
2.22 
3a43 
4.75 
6 a  08 
? a  38 
gats7 
9 .9 t  

11.28 
12.63 
14, 73 
16,%7 
18a35 
19a87 
21a40 
22,95 
24.52 

27,63 
29,07 

26a07 

Z0a60 

L,MIN 
0.109 
0,077 
0,083 
0.076 
0,075 
0, 077 
0,078 
0, 877 
8,076 
0.074 
0,071 
0 ,075  
% a  068 
8.066 
0,065 
0 ,065  
0,064 
0.065 

0,069 
0.065 

0,064 

F 
L 
0 
I4 
R 
k 
T 
E 

10 < 
I 

I 
I 

I 
, 
I 

I 
I I 

I 
I I I I 

I 
1 4  

I I I I 
I 
I 

I 1 1 
I I I 

I 
I 

I 
I I 1 

I 
I 
I 

1 
I 

I I I 
I 

I 
I 
I 

I 
I 

I I 

I 
I 

1 
I 

I 
I 

I I 
1 I 

0 a 001 4 
0 5 10 15 20 25 

<L/t l? CUMULATIVE FLOW (L )  



c c c 

FILTRATION TES DATFl RUNtWH-22P 
DFITE: 13 JAW 79 PSICt  SB 

RAW BRINE: INJECTION PAD 

L I T R E ~  

Om206 
8.408. 
Q m  686 
0.800 
1.08E3 . 

w 
IQ 
4 

I 

2,408 
2,600 

MINS 
9.35 
1.17 

- 

2.35 
3.88 

13.70 
17.1 
20.8 
24.2 
28.55 
33m22 

Om 244 
Om 169 
0,131 
O m  185 
0,888 
0.077 
Om 1966 
0.058 
0,054 
0.899 
0.046 
8,043 

-FILTER: 0m4N SS<MC/L): 8.04 UOL(L>: 2.6 

10 4 
1 I 

I 

F 
L 
0 
ld 
R 
k 
T 
E 

I 1 I I 
I 1- 

1 

0.01 

0,001 
0 5 10 15 28 25 

CLJM) CUPlULATIVE FLOW CL) 



SPR MEMBRANE FILTRATION TEST CWTA RUNtWH-11P 
DATE: 8 JAN 79 PSXGI 58 FILTER: 8.4N SS(MC/L>t  a13 UOLCL): 6.9 

- I  

. .., , 

I 

I 
1 
I 

I I 

COL CS NO CHEMICAL FEED 

L I TRES MXNS L 4 I N  

0.100 0.20 0.500 
Q. 200 0m45 0.400 
0.389 0.60 0.567 
0.408 0.70 1.000 
0.500 0.80 1.008 
0.600 0.90 1.000 
8. 700 1.80 1.000 

0.900 1.30 0.667 

1 m  100 1.60 0.508 
1 200 1.70 1.000 

0.800 1.15 0,667 

1 8 000 1.40 18888 

1 300 1.98 0.588 
1 400 2018 0.500 
1 8 500 2.25 0.667 
1.600 2.40 0.667 
18 786 2.70 0.333 

2.000 
2.100 
2.200 
2.300 

1 8 800 
1 8 900 

28 400 

1 3848 0.500 
3.70 0.333 
4.05 0.286 
4846 0.286 
4.75 0.286 

I 

1 

I 

F 
L 
0 
W 08 
R 
A 
T 
E 

0 . 0  

0 .00  

0 ;  
I 
I 

I I 
I 

I 
I 

I 
1 

1 I 
. I L 

I I I 
I I I 

I I 
I 

1 
I 
I 

I 
I 

1 
I 

I 
I I 

1 

. 
1 :  

I I I 

I 
I 

I I 
I I 

I 
I 

I 
I 

I I I I 
1 :  

I 
I 

I 
I 

I 
I 

I I I 
I 
I 

I I 
I 
I 

I , 

0 5 10 15 20 

/M > CUMULATIVE FLOW CL> 

23 

c c 



c c 

2.480 
2.580 
2.608 I 

2.788. 
2.8QQ. 
2.908 
3,008 
3.100 
3.200 
3.300 
3.400 

C O t  C: NO CHEPilCAL FEED 

t I: TRES HINS W H I N  

4.75 0.286 
S.10 0,286 

7.30 e0222 
7.80 0.280 
8.38 0.288 
8.80 00200 
9.30 0.200 

0.90 0.288 
t.50 8.167'. 
2,'10 8. 167 

4,300 14,35, 
4.488 14.95 
4.500 .15;60 
4.600 16.20 
4.700 16.80 
4,800 17.45 
4.900 18.10 
5.000 18.70 
5.108 19.35 
5.200 20.00 
5.300 20.65 
5.400 21.35 

0 ,  
8. 
0. 
0 .  
0 .  
0 .  
0 .  
0. 
0. 
0. 
0. 
00 
0. 
0. 
0. 

c 



W 
VI 
0 

COL C: NO CHEMICAL FEED 

i I TRES NINS L/MIN 
.S.408 21.35 8.143 

S.60B 22.67 0.149 
5.780 23.35 0.147 
5.800 24.18 8.133 
5.900 24.70 0.167 
6.808 25.28 8.208 
6 . t W  25.90 0.143 
6.208 26.60 8.143 
6.300 27.30 0.143 
6.488 28.05 6.133 

6.660 29.42 0.139 

5.588 22.80 8.154 

6.588 28.70 0.154 

6.700 38.13 8.141 
6.800 218.85 8.139 
6,988 31.57 0.139 

c 6' 



c c 

COL 8: 3 PPPl ALUM 

LITRES t l  ‘INS 

0.200 0.28 
0.400 0.26 
O e  600 .Ow 40 
0.000 Om50 
l a  000 Om63 
1 e 2 m  0m75 
1 e 488 0.89  
1 690 1.00 
1 . 800 1.15 
2.080 1m33 
2.208 1.49 

2.608 1s85 
2.880 2, 80 
3. m a  2,23 
3.208 2e47 
3.480 2.72 
3.600 2.96  

4.888 3.60 
4.288 3.88 
4.468 4.20 

’ 4.680 4.60 
4,8138 5 a B O  

‘2.4041 1.66 

3,888 38 27 

L/M IN 
1 080 
3.333 
1 . 429 
2.080 
1 a 538 
1 a 667 
1 , 429 

1 333 
1. 1 1 1  
i s  250 
1.176 
1 053 
1 , 333 
8.870 
(3.833 
0.888 
0.833 
0 ,645 
8 .  606 
0.714 
B. 625 
0,500 
4 .590  

i.sia 

FILTER: 

10 

I I I I I 
0 , Q l  : 1 I I 

. 
1 1 

0,081 
8 5 18 15 28 25 

< L/N) CUMULAT I VE FLOW (L > 



. -.-~ , . . , . . . . . . .. ~ ... . . . . -.- -. . - .. .I . . .  . ~ ~.. . . . ._I. .. . ~ . ~ "  I.. . ., . . . , ...~. 

\ 

COL 0: 3 PPti ALUM 

w 
VI 
h) 

'~. f'., 

. .  L 1 TRES 

. . 4.800 
5.000 
5,288 
S o  480 
5.688 
S. 888 
6.808 
6.280 
6,480 
6.680 
6 808 
7.080 
7.280 
7,400 
7.688 
7.880 
8.808 
8,200 
8,488 
8.600 
8,888 
9.888 

HINS LIMIN 

S i 8 8  0.588 
5.45 0.444 
3.88 ' 8.577t 
6.41 0.328 
7.80 0,339 
7.68 8.294 

9m87 8.299 
9.95 8.227 - 

8.48 0.278 

18.90 8.211 
11a98 0.185 
13.10 8.179 
14.48 8.154 
15.88 eZi43 
17.38 8.133 
18.90 8.125 
20m68 80112 
22,38 8,123 
24.25 0.i63 
26.32 8.097 
28,50 8.092 
30.82 0,886 .* 

, *  - 



e 

I I I I n 

I , 

c 

SPR MEIYIBRANE FI-LTRATION TESf DATA RUN:WH-2SQ 
FILTER: 0o4N SS(MC/L): a 2 9  UOL(L): 5.8 DATE: 14 JAN 79 PSIC: 50 

COL 0:6 QPH ALUM 

t f TRES MINS L m N  

0,400 0.25 l.688 
0,680 8 0 4 8  1.333 
1 , 000 8.65 L6O8 
1 . 200 0.85 10088 
1. 488 1.10 0.880 
t.6QB 1.s0 0.Se)O 
1 , 800 1.80 0,667 
2.800 2.30 0.488 
2,288 2.90 0.333 

2,608 4.50 0.222 
2.800 5.60 0.182 
3,088 6.75 0 . l f4  
30 288 8.00 0.160 
3.488 9.40 0.143 
3.600 10.80 8.143 

a 
ul 
W 

2,408 3-68 8.286 

3,808 12m30 8,133 
4,880 14.00 00118 
4,608 19o8O 80120 
4.888 28088 8,111 

5.200 24.98 8,895 
5.400 2’1088 8,895 
5.600 29a18 8,895 

5.808 22.88 0.100 

re 

I I I I 
I I 1 I 

I I ra 1 I I I I L 
0 
W 0.1 
R -. 
A 

I 
I 

I 

I I I 
I I 

I 
t 

0.01 *a{ 
( t / M )  CUMULATIVE FLOW (L) 
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e 

SPR NEF1BRANE FILTRATION TEST DRTA RUN:UH-26P 
DATE: 14 JAN 79 PSIGI JB FILTER: 8a4N SS€MC/L>: 2.56 VOL(L):3.6 

8.200 '8.20 1.888 
0,400 0.65 0,444 
0,600 . lm30 0,308 
0,800 2.28 0,222 

. 1,000 3.15 0.211 

1.400 5.68 0.160 
1.608 L 1 5  8,129 
2 800 8.80 . 0,121 
2,088 10.70 0,105 

2,60Q 16.98 0,883 
2,800 19.45 0.878 

' 3,000 22.15 Ef.074 
25.00 0.070 

3,600 31.15 0,063 

1.200 4035 00167 

2,468 14050 0,lQS 

F 
I 
0 
w 
R 
A 
T 
E 

c 

I ,' 1 1 I , .  I 

I I 

1 4  
I I I . 

11 
a 
I 

I 
1 

I 
I 

. . 
I I . 
I I I 
I 

I 
I I I 

8.1 

a. 001 
0 5 10 15 28 ' 25 

< LIM > CUHULATIUE FLOW (L) 



. . . ~~ 
. . ~ ~  ~ . . .. . .. ... . , . 

I I 
I 

1 
. ~~ .. .. , . . . 

I I 
i 

SPR MEMBRANE FILTRATION TEST DATA RUN:WH-27P 
MTE: 14 JAN ?9 WIG: 50 FILTER: 8m4N SSCMGRL): la72 UOL4L3: 4a6 

1 

COL A: NO 

L I TRES. 

0,001. i 

O e  200 
8,408 
0.600 
8,800 
1 e 000 
1 e 200 
1 e 408 
1 , 600 
1 800 
2,800 
2,200 
2.600 
2,800 
3,088 
3,400 
3.600 
3,808 
4.000 
4,400 
4,680 

- I 

MINS L ~ f l  I N 

CHEMICAL FEED 

0,20 
0.40 
0,70 
1.15 
1*75 
2.43 
3.25 
4a20 
5.20 
6. 40 
7,45 

13,60 
17,20 
19e20 
21 e 30 
23,60 
28,00 
30, 55 

1 , 000 
1 , 000 
8,667 
0,444 
0,333 
8,286 
0.250 
0,211 
0,200 
0,167 
8,190 - 
0,140 
0,129 
0,114 
0,111 
0,100 
0,095 
0,087 
0,091 
0,078 

F 
L 
0 
W 
R 
A 
T 
E 

10 i I 

I I I I I I 
I I I I I 

8,01 Z 

I 1 I I I I 

0 5 10 15 20 25 

< L/M > CUMULATIUE FLW t i >  

c c 7 c- 



SPR MEMBRANE FILTRATION TEST DATA RUN:WH-31P 
DATE: 15 JAN 79 PSIC: 50 FILTER: 6e4H SS<MC/L)t la95 VOL4L): 2.8 

8-40 
8.68 
0, 80 
1.88 
1-20 
1.40 
1.60 
1.80 
2-80 
2e28 
2.40 
2,60 
2, 2a00 0,851 

F 
L 

A 
T 
E 

10 

1 

O a l  

1 I 1 I I 

0.01 i I I 1 . 

0 a 00-1 
0 5 10 15 20 25 

(LIM) CUMULATIOE FLOW (L> 



W 
UI ai 

- -  
I I I I I 
I t 1 I 
I I I I 

1 

DATE: 10 
SPR MEMBRANE FILTRATION TEST 

JAN 79 PSIC: 58 FXLTER: 8.4t4 

1UH PREFILTEREO INJECTION SITE 
L I TRES MINS L.**MIH 

8.500 0.55 0.909 
1.080 1.12 0.877 
1.500 2.13 0,495 
2.00ic3 2.98 0.5888 
2.500 ' 3.85 0,575 
3.006 4.83 0.510 
3.500 5.98 8.435 
4.000 7.27 0,388 

5.008 16.33 0,311 
5.508 12.05 8,291 
6.800 13.85 8,278 
6.500 15.75 0.263 
7.880 17.82 0.242 
7.580 19.52 0,294 
8.008 21.08 0.321 
8.580 22.75 8.299 
9.880 24.38 8.307 
9.508 26.18 8.27% 

10.888 28.75 0.195 
18.300 30.37 0.185 

4. SO0 8.72 0.345 

- 

F 
L 
0 
w 
R 
A 
T 
E 

DATA RUN: WH-SI 
S S C M W L X  ,09 W L ( L ) :  18.3 

10 i 1 

8.1 i 

I I I I I 
@ . @ I  I. I 

I I I I I 

0.861 I I I I I f 
0 5 10 15 20 

CUMULAT I VE F L W  (L > 
25 

c c 



c c c 

SPR MEH8RClrNE FILTRATION TEST DATA RUtS:WH-71 
PSIC: 50 FILTER: 8m4N SSCMG/L',: 1022 VOLCL): 300 DClTE: 13 JllN 79 

1UM PREFILTERED 

t f TRES 

0 .  2QO 
0 ,  400 
0.660 
0.808 
1. 000 
I .  200 
1.40O 
I a 680 
1 880 
2.800 
2.200 
2.400 
2.600 
2.880 

3.400 

3,886 

3,808 
3.200 

3,608 

4,008 
4.200 
4,488 
4.600 
4.800 

.M S NS 

0.13 
0.38 
0.77 
L23 
1.80 

3. 17 
4.00 

2045 

4.88 
5.85 

10,63 

15,42 

12.15 
13.75 

27.37 
29.75 

SNJECTION SITE 10 i . I I . 
I . I I I 1 

L/M I: N 

1 538 
0.800 

0 .  535 
0.513 

0.351 
0.30%. 
0.278 
0.241 
8.227 
00 206 
0,215 
80171 
0.156 . 
0,1313 
0. 132 
0.125 
6. I20 
0 .  114 
00 106 
00 102 
0.107 
0.092 
0.087 
8.084 

F 
L 
0 
W 

. R  
k 
T 
E 

1 

0.1 

0.01 

0.601 

I I 1 I 

1 
I 
1 

I I I 1 I 

9 

5 16 2Q 25 

CLJtI? CUMULATIVE FLOW < L >  
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SPR MENBRANE F 
DATE: 8 JAN ?9 PSIC: 48 

RINE PONDOU 

8.15 1.333 
0.33 1.111 
0.80 0.426 
1.4% 6.294 

1.880 2.25 0.260 
1 . 280 3.10 0.235 
1.400 4.00 0.222 
1.600 5.10 8.182 
1.800 
2.008 
2.200 8058 8.182 
2.400 g 0 8 0  0.154 
2.600 11.10 0.154 
2.888 1Z050 8,143 
3.008 13,90 8.143 
3.288 15.48 0,133 

3.800 20,08 0.133 
4.080 21.70 0.11S 
4.280 23.20 0.133 

3.400 16.90 0.133 
3.600 18.50 0,125 

4 m e  24.90 0,118 
40608 26068 00118 
4,888 28.40 8.111 

e 

ILTRATION TESf DATR RUN:WH-l2P 
FILTER: 1.0N SS(MC/L): 2.12 4JOL4L); 508 

c 

R 
A 
T 
F 
b 

0.01 

1 1 1 1 
8.001 1 1 1 1 1 

0 5 10 15 20 25 

C L/M 1 CUMULAT IUE FLOW < L > 
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SPR MEMBRANE 
DATE: 9 JAN 79 PSIC: 7 

SN 

L 

FILTRATION TEST DCSTA RUN:UH-l%P 
FILTER:10,8N SSC 

F 
L 
0 
W 
R 
A 
T 
E 

10 

1 

0.1 

00 01 

0.001 
0 20 48 68 80 180 128 148 

(L41) CUMULATIVE FLOWCL) 



WEHBRRNE FILTRATI’ON TEST DATA RUN:WH-l4P 
PSfC: 5 FILfER:l0,BN SS<MC/L): a18 lJOL(L): 3 a 4  

RAW BRINE PONDOUT 

L S TRES 
* o m  288 
8,400 
8,600 
8, 800 
1.000 

ld OI 1 a 208 
1 400 
1 a 600 
I 800 
2,000 
2.200 
2,400 
2,600 
2,800 
3.000 
3,200 
3,400 

A 

MINS 

8, 10 
O n 2 0  

0.31 
@*a 37 

, 0 ,  45 
0.58 
0a55 
0,63 
Om?0 
0.80 
@ a  90 
l a 0 5  
1-• 29 

0.25 

1.85 

4.40 
2a60 

L8MIN 

2a000 
2,000 
4,000 
3, 333 
23‘333 
‘2,508 
4,000 
4,000 
2,500 
2,857 
2,080 
2,000 
i a 333 
0,833 
0.357 
0,267 
@ a  111 

F 
L 
0 
W 

10 

1 

O n  1 
R 
A 
T 
E 

0. 01 

0,001 
40 60 80 100 120 146 

CUMULATIUE FLOWCL) 

. . I  , .  

G c c 



SPR MEMBRANE FILTRATION TEST DATA RUNtUH-23P 
JAN 7.9 PSIGt 6 FILTERtl0.0N SS(MC/L>t e 4 8  VOL(L)’, 4.4 

c 

0.10 4,008 
0.15 4.808 
0.20 4,088 

2.60% 0a79 2,500 
2.800 
3,000 
3,200 
3,400 2080 0,174 
3,600 4e65 0,108 
3,800 t e 3 0  0,075 

18.80 0.057 
17 , fQ  0,029 

5 

F 
L 
0 
W 
R 
A 
T 
E 

18 i . . . . 

1 

0 .  1 

8.01 

0,001 
0 28 40  60 80 100 120 148 

< L/M > CUMULATIVE FLOWCL) 



SPR PlENBRANE FILTRATION TEST DATA RUN:WH-lSP 
DATE: 9 JAN 79 PSIGI 7 F1LTER:lBnBN SS€MG/L): a02 VOL4L)t 93a6 

COL C: NO CHEMICAL FEED 

L I TRES HINS LRMSN 

2,000 0a65 3,077 
4,808 la28 3,175 
6.000 l a 8 9  3.279 
8, 000 2a49 3,333 

10a000 3a10 3,279 
12. e00 3a79 3.333 
14.000 4a30 3,333 
16* 000 4a90 3.333 
18m000 Sa51  3.279 
20 a 000 6a10 3,390 
22. ea0 6 a f 0  3,333 
24 a 000 ? a 3 0  3,333 
26.000 7a90 3,333 
28,000 8a52 3,226 
38,000 ga l8  3.830 
32 a 000 9a84 3,030 
34,080 10a49 3,077 
36,000 l i a 1 0  3,279 
38,000 1 1 a 7 0  3,333 
40,888 12a38 3,333 
42,800 12.93 3,175 
44.008 13.54 3,279 
460800 14023 2,899 
48,008 14a90 2,985 

T 

F 
L 
0 
w 
R 
k 
T 
E 

10 

1 

1 1 1 

1 1 1 1 1 1 1 
1 i -I i 1 i . i i . n . 

0.1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 1 

0a01 

8.001 1 
0 20 40 60 80 188 120 148 

41/m> CUMULATIVE FLOW(L> 

c QT c 



c c c 

COL C: NO CHEt9XCAL FEED 

LSTRES PlINS L 4 l I N  

' 50.088 15.68 2,857 
1 48,080 14.98 

52.600 16,30 
54,000 ¶7,08 
56-008 17.98 
58.088 18.78, 

62.000 20.58 2.,174 
64,080 21,53 2.105 
66.080 22,54 1.980 
68.800 23.63 1,835 
78,888 24,88 1.680 
72.000 26,24 

78,000 31,25 

82.000 35,85 0.820 
84.088 38 68 0,727 
86.000 41 85 0.615 
88.880 45 70 0.519 
90,000 50,30 0.435 
92,888 55,60 8.377 
94.080 60.55 8,484 

68.080 19,66 

W ut 
4 

74,886 27.68 
76.888 29.35 

86,008 33-41 



SPR MEMBRANE FILTRATION TEST DATA RUN:WH-3OP 
DCSTE: 14 JAN 79 PSIG: 7 FfLTER:1Ba0N SSCMWL): ,882 VOL(L): 44.0 

L I: TRES 

2.c900 
4.000 
6,080 
8.000 

10,000 
12.880 
14.000 
16.188 

20.000 
22.000 
24 . 0Q8 
26.000 
28 . 00B 
30.000 
32 . 000 
34 . 000 
36.000 
38.000 
42s 000 
44.000 

18.0e0 

6 PPM ALUM 

MINS 

1.00 
2.00 
3.00 
3. 85 
4.55 
5.20 
5.85 
6.60 
7.30 
8.10 
8.95 
9.85 

10.85 
11.90 
13.10 
14.45 
16.05 
18.00 
20.30 
27.88 
32.80 

U M I N  

2.800 
2.000 
2.000 
2.353 
2.857 
3.077 
3.077 
2.800 
2.714 
2.500 
2.353 
2.222 
2.000 
1 . 905 
1.667 
1.481 
1.250 
1.026 
00 870 
0.597 
0.400 

F 
L 
0 
W 
R 
k 
T 
E 

\ 

10 i 
I 

I 
I 

I 
I 

I 
I 

. . . 
m 

. . I 

1 

I I 

I . . . 1 I 

0.1 3 
I 

I 
I 

I 
I 

I 
I 

I 
1 

I 
I 

I 
I 

I I I I I I I 

0.01 i 

0.001 
0 28 40 60 80 190 128 140 

€ L/M 1 CUMULATIVE FLOWCL) 

c 



g: c c 

SPR HENBRANE FILTRATION TEST DATA RUW;ldH-41 
MfE: 12 JAN 79 PSXCt 6 FXLTERtl8mON SSCMGIL): 066 VOLCL>t 404 

RfiW BRINE: INJECTION PAD 10 

MINS LITRES L/M I N  

3,600 
3.808 

4.388 
w a\ 4,400 

4.080 
4,208 

to 

1 0,328 

0.056 
0.844 

00 175 
F '  
L 
0 
W 
R 
A 
T 
E 

001 

I I I I I I 

8.01 
I 
I 

I I 1 I I I 
I 
I 

I 
I 

I I 
I I 

I 
I 

I 
I 

00 001 
0 28 48 68 80 180 120 1 4 0 -  

< L/M> CUMULATIVE FLOWCL) 



SPR MENBRANE FILTRATION TEST 
DRTE: 13 JAN 79 PSIC: 6 F1CTER:lB~BN 

RAW BRINE: INJECTION PIlD 

LITRES MINS LYMIN 

0.800 1.15 0,1596 
0.900 2,72 0.064 
10800. S a 0 8  0,042 

1.200 10,68 0.035 
1,388 13.82 0,032 
1.480 16*90 0,032 
1.500 20.29 0,030 
1,600 23.72 0,029 

10800 30m72 0.028 

1,100 7,85 0.036 

1,i'OB 27.20 0.029 

F 
L 
0 
w 
R 
A 
T 
E 

0 20 40 60 80 100 120 140 

iL/M? CUMUlATIVE FLOWCL) 

c c 



E: 

4 I 1 1  
T 
0 

Q 

1 I 

SPR tYIEt48RANE FILTRATION TEST 
PATE: 13 JAN 79 PSIC: 6 F I L T E R ~ l ~ m 0 N  

1UM PREFILTERED BRINE: INJ. 

LIT1 

2.1 
4. I 
6.  I 
8 m I  

10.1 
12. I 
14, i 
16.1 
18. I 
20,  I 
22, I 
24.1 
26,1 
28m1 
30. I 
32.1 

? 

3 
3 
3 
a 
2 
3 
3 
3 a 
8 
3 
3 
3 
3 
3 
3 

:ES B INS 

. 0.78 
1.38 
2. OS 
2m72 
3m37 
4.03 
4m72 
s. 45 
6 m  23 
7m05 
7.98 
8.93 

10m30 
12m52 
19.72 
32.05 

o r 1  IN 

2.564 
3.333 
2.9%5 
2,985 
3.877 
3,030 
2.899 
2.740 
2,564 
2,4339 
2.353 
1 942 

0,901 

0,162 

1 . 460 

0,278 

PAD 

F 
L 
0 
W 
R .  
A 
T 
E 

10 i 
I I x I I I f 

1 -  
I I .  I I I I I 

. 
0.1 -? I I I 

I 1 I 

Om 01 

Om 001 
0 20 48 68 80 100 120 148 



APPENDIX X 

EXPERIMENTAL DATA FROM THE LLL FILTER 

INJECTION TESTS PERFORMED AT 

BAYOU CHOCTAW 

372 

I 



c 

I 
1 
I 

6: 

I I I 
1 I 
I I 

c 

9 a . . 
I I 1 I I 

I I I I I 
1;1 I I I 
R + I I I 

SPR MEMBRAE FILTRATION TEST DATA RUN:lC 
DATE126 JAN 79 PSIG: 50 FILTER: 0m4N SS(MG/L): -0 VOL < L > : 8 60 

CHEflICAL FEED 10 ;t 
I I m . I COt A: NO 

LITRES CltfNS LlM I N 

8.208 
8m408 
0,600 

Om 60 
4m10 

15.00 

0,333 
Bm 057 I f I ! I 

1 -i 0,818 

F 
L 
0 '  
w 
R 
A 
t 
E 

w 
21 
w 

O m  1 

I I I I I 

0m0111 i 1 I I I 1 
0 5 10 15 20 25 

( L . 4 )  CUMULAT I VE FLOW (L > 
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w 
4 
4 

e 

SPR MENBRANE FILfRATIOt4 TEST DATA RUM: 6C 
DATE: 27 JAN 79 PSIC: 50 FILTER: 5.8N SSCMC/L):.91 

RAW BRINE: INJECTIDN PAD 

MIMS L ~ M I N  
0.200 0.08 2.410 
01.400 0.13 4.255 
0.  600 0.20 2.557 
0,660 1.80 0.075 

F 
L 
0 
w 
I? 
A 
T 
E 

10 i . I 
I 

x 
I 

' 
I 

I . 1 

1 

I. I 1 I I 

0.0Ql  4 - 4 4 4 4 4  
0 5 18 15 20 25 

L/M > CUMULA,T I UE 



SPR IIEMBRANE 
DATE: 2 t  JAN t 9  WIG: 

RAW BRINE: 
L I TRES 

0,588 

1.588 
l 888 

1 0438 

w 
4 
Q, 

INJECTION PAD 

MINS U M I N  

FILTRATION TEST DATA RUN:8-C 
1S FXLTER:leaBN SS<MC/L)t0,S3 

m-1 
1 I I I I .  1 
I 1 I I '  I I 

1 

F 
L 
0 - 
W 
R 
A 
T 
E 

. . I I I 

801 i 

I I I 1 I I I 1 

0.001 
B 20 40 60 88 180 120 148 

c c 



COL A: NO CHEPlICAt FEED 

LITRES. MINS LRMIN 
10 888 0.4s 2.222 
2.080 8.85 2,500 
3.880 1020 2,857 
4,800 1.70 2,008 
5.000 2.68 1.111 F 
5,289 3.08 0.580 L 
3,408 3.75 0,267 0 
So 608 0.168 W 
5.808 0,083 !? 

0 , 0  CI 
T 
E 

, 

10 : . . . . . 
1 I 

E 
I 

1 
I 

I . 
I I I 

1 

1 0 * 1  

0.01 

c Q c 

E FILTRATION TEST DATA RUN:llC 
DATE: 28 JAN 79 PSIC: 6 FILTERtl0m0N SSCMCRL): ,868 UOLCL): 5.9 

I 
1 

1 I I I I I 
I I 

I I 
I 
I 

I 

I 
I 
I 

I 

I I 
4 

I I I I I I I 

0,801 I I I I I I I 1 
8 28 48  68 80 188 120 148 

I (L/M> CUMULATIVE FLOW (L) 

~ 
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4J 1 

SPR MEMBRANE FILTRATION TE! 
WTE: 28 JAN 79 PS1C:SB FILTER: 0.4t 

1 I 

I 
I 

96% RRW BRINE+lB% LAKE WATER 

L ITRES MINS L . 4 I N  

8.10(3 
Om 200 
0.220 

0.30 0.333 
2.30 0,850 
3.00 0,829 

W 
W 
0 

F 
1 
0 
W 
R 
A 
T 
E 

10 

1 

0.1 

f DATA RUN: 12C 
SS(MG/L>: 6.82 UOL(L): . 22 

1 I I I I 
I 1 1 I I 1 
I I I I I 

L I I I I 

0.01 
1 I I ~_ __ ~~ 

i I I I i -  
I 1 I .  I I I 

0.'001 1 I I 1 I 
I 1 I 1 .  I 

0 5 i o  15 20 25 

r: L/M > CUMULATIUE FLOWCL) 



i - 6 c 

SPR MENBRANE FILTRATION TEST DRTA RUN: 13C 
DCITE: 28 JAN 79 PSfC:58 FILtERt.45M SSCMWL):  6.82 UOLCL)t.58 

COL A:98% BRINE+1@% LAKE WATER 

L I TRES r m s  L*'MIN 

0.108 
0.288 0.30 1.000 
8.300 0.78 0.250 
0.400 1.45 0.133 
8,500 3.30 8.854 F ,  
0,588 5.08 8.847 L 

0 
w 
R 
A 
T 

-E .  

10 4 
1 1 1 

1 1 1 1 

0.1 

0. 01 

I 1 

0.801 I 1 1 1 1 1 
0 5 10 15 20 

4 LfM > CUMULATIVE FLOWCLS 
25 
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W 
Q) 
W 

FILTRATION TEST DATA RUN: 16C 
FILTER:8,4N SSCMC/L>: 1.0 VOL 

0 5 10 15 20 25 

C L/M 1 CUMULATIVE FLOGI(L) 



SPR,tlEllBRANE FILTRATION TEST DATA R U N I l f C  
DATE: 29 JAN 79 PSXC: 6 FILTER:l0.0N SSCHC/L>:,813 UOLCL): 31 

COL 8: 10 PPI4 ALUH+,l 4500 
L I TRES MXNS LJMIN 

1 800 
2,008 
3.088 
4,880 
5,080 
60 000 
7,880 
8.080 
9,000 
100 000 
11,000 
12,000 
13,080 
14,000 
15,800 
16,000 
17,000 
18,880 

20,008 

22.008 
23,080 
24 000 

ig0e8e 

21.008 

0055 1,818 
1010 1,818 
1m90 1,250 

2.60 2,800 
3*00 2,500 
3m50 2,000 
3,510 2,500 
4*40 2,000 
4080 2,500 
5*20 2.500 
5 a 7 0  2,000 

2,18 5,088 

6i20 2.000 
6,60 2,500 
7,28 1,667 
7.90 1,429 
8m60 1,429 
9m30 1,429 
l@*l0 1,258 
18098 1,250 
11*60 1,429 
t2,68 1,080 
13,78 0,909 
14e90 0,833 

10 

* 

1 

F 
1 
0 
w 
'R 
f3- 
T 
E 

0,01 

0 

001 i 

4 

i i i i i i 

1 
1 1 
1 
1 
1 

1 
1 1 

1 
1 

. 1 

1 1 1 1 
m 
1 

1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 1 
1 1 

1 1 1 . I 

001 
0 28 40 60 80 180 120 140 

<L/M> CUMULATIVE FLOW (L> 



c 

. '  . .  

. . . ,  

W 
OD 
VI 

I 

14.98 0.833 
16.28 8,769 
17-68 8.714 
t9m20 0.625 
2L20 8.58.8 
23.60 8.417 
26m80 0.313 
38.58 8,278 

. 



SPR MEMBRANE FILTRATION TEST DATA RUN:l8C 
DATE: 29 JAN 79 PSK: 30 FILTER: e,45~ SSCWCRL): 1.2 

ULTRAFILTERED WEAK BRINE 
L t TRES 

0.200 
0.400 
8.600 

1 . 000 
1 a 200 
1.400 
1 . 600 
1.880 
2,000 
2.200 
2.400 
2.600 
2.800 
3,000 
3,280 
3.400 
3.608 
3,800 
4. e00 
4.208 
4,400 

.4. 800 

e, 800 

4,6843 

H1NS 

0.25 
0.50 
0.80 
1.10 
1,35 
1.65 
1.90 
2.30 
2.60 
2*90  
3*25 
3.69 
3.94 
4.35 
4,743 
5.10 
S a 5 0  
3,95 
6.40 

7,35 
7.85 
8.40 
0.9s 

6-98  

LRMIN 
0,880 
0,800 
0,667 
0,667 
0.800 
0,667 
0.800 
0.500 
0.667 
0.667 
0,571 
0,571 
0,588 
0,488 
0.571 
0,500 
0,500 
0. 444 
0,444 
0,400 
8,444 
0,400 
0,364 
8,364 

F 
L 
0 

.bl 
R 
A 
1 
E 

1 

1 

i i i i i 

1 1 1 1 1 

1 1 1 1 1 
i i i 

t I \  I i 1 

1 1 1 1 1 
0.01 3 1 1 1 m 

1 1 1 1 1 

8.001 
0 5 10 15 20 25 

c wrq) CUMULATIVE FLOGICL) 

e c 



c c 

ULTRfiFEtTEREO 

UTRES 
40800 
5. 088 
5.288 1 
5.488 1807 
5.680 1 i m 4 8  0.388 
5.808 12.18 8.286 
6.888 f2,88 8.286 

6,680 15.28 

7.280 18.15 8,198 

6.288 13.58 
60488 14035 

6.888 16.10 00222 

W 
Q) 
4 

70888.  17018 '8.288 0 

7,400 89.38 
7,688 20.58 
7.8B8 21.85 
8.808 23.25 
8,208 24085 80125 
8,408 26.60 8,114 
8,688 28.60 80188 
8 . m  38.70 0.095 



SPR 
DATE: 29 JRN 79 

ULTRAFILTERED 
L I TRES 

1 , 080 
2.880 
3,800 
4,000 
5,080 

7,800 
8,088 
9,880 

10,000 
11,000 
12,008 
13,008 
14,808 
15,000 
16.000 
17,800 
18,000 
19.888 
20 080 
21 888 
22.000 
23.000 
24.808 

6.  800 

MINS 
0.35 
0.68 
0,98 
1,30 
le75 
2.35 
3.86 
3,65 
4a30 
4,95 
5m70 
6.45 
7,15 
7 ,80  
8.45 
9,10 
9,70 
l&25 
18,80 
11*30 
11.88 
12,30 
12m80 
13.30 

RENBRRNE FILTRATION TEST DATA RUNZl9C 
PSICt  28 FILTER: 8,0H SS(tlC/L): ,S4  UOLtL); S6.0 

BRINE 

L/MIN 

2,857 
4,000 
3,333 
2,500 
2,222 
1 667 
1 a 538 
1 538 
1 538 
1 538 
1 333 
1 333 
1 s 429 
1 538 
1 rn 538 
1 538 
1 , 667 
1,818 
1.818 
2.008 
2,080 
2,000 
2,000 
-2,000 

F 
L 
0 
w 
R 
A 
T 
E 

10 

I 1 

I 
I 

I . I 
I 

I 
I 

1 
I 

I . 

I I I I I I I 

L 
, I I I 

1 
1 
1 

I i I 

I I 
I I I 

I 
I 

€?a 01 

80 100 ,.120 148 
.e??.. 

€L/M:, CUtlULATIUE FLOW (L> 

c W !  . c 



c c 

ULTRRFILTERED BRINE 
L I TRES NINS L d S N  

24.eee 13.38 2.800 

2t5.eee 14.30 2.000 
2 7 . ~ ~ 8  i 4 . w  2.000 

25.080 13.88 2.000 

28.888 15.38 2.000 
29.800 19.85 1.818 
38.008 16.35 2.000 

088 16.98 
888 17.45 
888 18.80 

34.880 18.50 
19-05 1.818 

w 
a0 
4 0  

40.800 21.68 2.000 
41,800 22.15 1,818 
42,800 22.65 2.088 
43,080 23.15 2.088 
44w800 23.70 1,818 
4 5 ~ 0 0 0  24.20 2.000 
46,008 24.75 1.818 
47.000 25.30 1,818 

49.800 26.40 1.818 
50,000 26.95 1.818 
51,000 27w50 1,818 
52,000 28.85 .1,818 
53.800 28.40 1,818 
54.880 29.15 1.818 

4 e m e  25.85 1.818 



3
 390 



w 
ro 
P. 

SPR HENBRANE FILlRf iTION TEST DATA RUN:2BC 
DATE: 38 JRN 79 PSSG: 50 FILTER: 0.45M SS<#C/L>: a24 UOtCL>t10,8 

UtfRAFfLfERED WEAK BRINE 

I I TRES fllNS L/MfN 
8,288 8,30 8.667 
a0488 8,55 8.800 

0.888 1015 0.667 
I , e00 1.58 8.S7l 
1.280 1,7S 0.808 
1 400 2.18 0.571 
1 , 600 2.40 0.667 
1 , 808 2.70 0,667 
2,080 3.00 00667 
20 280 3.40 8,580 
2,400 30’75 0aS71 
2,688 4.10 8,571 

3.000 4w75 8,5?1 

&6Q8 8-85 0,667 

20 800 4.40 0.667 

3,288 5.10 8,571 
3,480 S.50 0,500 
3,688 5.05 8,571 
3,888 6w20 0,571 
4 . 8 ~ ~  6.68 00580 
4,280 7008 00580 
4.400 7.40 Bas00 
4,600 7.75 0,571 
4, 800 8.15 0,508 

l e  

F 
L 
n 

1 

Y 

W 0.1 
R 
A 
1 
E 

1 1 1 1 1 
0001 1 1 

1 

00001 .EEEEa 0 5 10 15 20 25 

< L/M > CUMULATIVE FLOW(L) 



~ . .  ~ .... . I _ .  .,. . " 

W 
W 
M 

ULTRAFILTERED WEAK BRSNE 
t It TRES MfNS LJMIN 

4.800 
5.008 
5.200 
5,400 
5.688 
5,800 
6,080 
6.200 
6.400 
6,608 
6.808 
7.088 
7,208 
7.480 
7,600 
7.808 
8.880 
8,200 
8.400 
8.600 
8,808 
9m 000 
9.200 
9.400 
9.600 
9,000 

10.000 
10.200 
18.400 
10, 600 
10,808 

8.15 8.508 
8.35 8.500 

9.48 B,S00 
9e85 0,444 

10m48 8.364 

9.88 8.444 

18.90 8.400 
11.40 8,400 
12.00 8.333 
12,553 0*364 
13.10 0.364 

14.35 8,308 
15.80 0.308 
15.60 8,333 

i 3 .m e.333 

16.38 0.286 
17.88 0.286 
17.75 0,267 
18.55 0,250 
19.30 0.267 
28.15 0.235 
21.00 0.235 
21.90 0,222 
22.90 0,280 
23.85 0.211 

27.00 0.182 

30.70 0.154 

24.70 0.235 
25m90 0,167 

28.28 0,167 
29.48 0,167 

c c 



c 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 

1 1 t 1 1 1 1 

c 

W 
u) 
w 

SPR MEWBRAME FILTRATION TEST DATA RUHr2SC 
. DATE: 30 JAN 79 WIG: 50 FILTER: 8 a 0 M  SS<MC/L): 23, UOLCL>:’1.4 

RAW: WEAK BRINE 

L I T  

0.500 
0,608 
f), 70@ 
00 880 
8,850 
0,908 
9,950 
1 a 000 
1 , 050 
1 ’ 100 
l a  150 
1.200 
1 a 250 
1 300 
1,350 
1 a 400 

!I INS 

0a48 
0m95 
20 28 

6m80 
8, $0 

10a10 
12a00 
14a20 
16,40 
19.00 
21,60 
24.40 
2?,40 
30.50 

LJMZN 

i n  250. 
0,182 
Q a  080 
0,056 
0,033 
0,038 
0,831 
0.029 
0.026 
0,823 
8,023 
0,019 
0a019 
0,018 
0,017 
0,016 

F 
L .  
0 
W 
R 
A 
T 
E 

10 : 1 

h 1 
1 

0 , l  

0a01 

1 

0,001 
0 20 40 60 88 188 128 14Q 

CL/M> CUMULATIVE FLOW (L)  



SPR MEMBRANE FILTRQTION TEST DFlTA -RUN: 26CJ 
DFsfEt 1 JAN 79 PSXC:SO FILTER: 8.45M SSCMG/L>t 20.92 VOL(L): 1.0 

I I I 

I 1 
! 
, - I 1 

i 

RAW WEAK BRINE PONDOUT 

LITRES MINS L I M I N  

8.100 0.25 0.400 
8.288 0.88 0.182 
8.300 1.80 0.100 
0.400 3.50 0.059 
0.508 5.90 0.042 
0.550 7.30 8.836 
0.608 8.80 8.833 
8.650 10.60 0,828 
8.780 12.50 8,026 
8.750 14.60 0.824 
8.880 16.70 0.824 
0.859 19.28 0.028 
0.988 21.88 0.819 
8.950 24.80 8.017 

8.10 ~ 0.015 

F 
L 
0 
W 
R 
k 
T 
E 

10 i 
I I I 1 

L 
t 

8 . 1 2  
. I . 
1 I I I 1 

0.01 

0.001 
0 5 10 15 20 25 

C L/M > C U MUL A T I UE FLOtlC L > -  

c 6 c 



FILfRATION TESf*DATA RUN:26C 
0 FILTER: 8,4JM SS(MG4.):-- b 384 

I 

CUMULATIUE FLOWCL) 



WEAK BRINE: 1UM CUHO CARTRIDGE 
L I TRES NINS LJMIN 

I I I 

0.001 

0.600 1.00 0.680 
0.800 1.50 0,400 
1.000 2.09 8,400 
1 . 200 2-58 0.400 
1.408 3,09 8.400 
1 rn 606 3.79 0.286 
1 800 4.30 0,333 

2.280 5.88 0,250 
2,480 6.60 0,250 
2.600 7.60 8,200 
2.890 8.65 0.190 
3,008 9,78  8.190 
3,200 11.10 0,143 
3.408 12,69 0,133 
3,480 14.40 00111 
3,808 16.45 0,898 
4.000 18.70 0,089 

4,400 24m20 8,069 

2,000 5.08 0.286 

4.200 21.38 0.077 

4.6ee 27.30 0,065 
4.880 31.88 8,054 

I 

SPR REMBRANE FILTRATION 
DATE: 31 JAN 79 PSIC: S8 FILTER: 

F 
L 
0 
W 
R 
A 
T 
E 

1 

0.1 

I I -  1 I I I 

I I I I I 
0.01 J 

0 5 10 is 20 

CL/M) CUMULATIVE FLOWCL) 
25 

c c c 



6 c 

SPR NENBRANE FILTRATION TEST DATR RUN:27C 
' DATE: 31 JAN 79 PSIC: 14 FILTER: 8m0M SS<HG/L): m14 

CUNO lUIl PREFXLTER CARTRIDGE 10 J - I 
LftRES HfNS 

F 
L 
0 
W 
R 
A 
T 
E 

t . . 1 . .  
I 
I 

I 
I 

I 
I 

I 
I '  

I 
1 

1 
I l 

I 1 I 1 1 . . 
0.01 : . I . . . 

0 .  001 .~ 

0 20 40 60 80 le0 129 140 

(L/M) CUMULATIVE FLOW (L) 



I
.

 

c, 
398 



G c c 

SPR MEMBRANE FILTRATION TEST DATA RUNt27CJ 
DCITE: 30 JAN 79 WIG: 12 FILTER: 8.BH SS(MC4) :  23,46 VOLiL?: 1,8S 

RAM UEAK 'BR POND 

t I TRES. PlfNS L/#IN 

e; 400 0 3 s  0.267 
0.588 2.70 0.057 

0,288 o 1.0013 

0,550 3m90 0.042 
B.680 5e40 8.033 

w W 0,650 7,20 0,028 
8.788 9m20 8.025 
8,758 Xfm60 8,021 

W 

lr.800 14.18 0,020 
8,850 17,10 0.017 
0,988 20m18 0,017 
8.958 23,50 0,015 
1.000 27m30 0.013 
1,850 31s38 0,013 

F 
L 
0 
W 
R 
A 
1 
E 

1 

0.1 

0.01 

0.001 

<L/M) CUMULATIVE FLOW CL) 



, ,  , . .. .. . . . . . - _  _ _  .. _ _  __ . . . . 

3 I I . . 
I I 

I 

I 
I 

I 
I 
I I 

I 
I I 

lb 
0 
0 

SPR HEMBRANE FILTRATION TEST DATA RUN325C 
DATE: 30 JAN 79 PSIC: 58 FILTER: 8 e B M  SS(MC/L)t 23.9 UOLCL): l e 4  

RAW WEAK BRINE PONDOUT 

L f TRES MINS L/HIN 
Q. 500 
0,668 
0.708 
0.800 
8,850 
0.900 
0.950 
1.000 
1 . 850 
1,100 
1.150 
1 a 200 
1.250 
1.380 
1.350 
1.400 

Om40 
@a95 
2e20 
4e80 
Sa50 
6 *  80 
8e40 

10.10 
12.88 
14.20 
l6,40 

21.60 
24.40 
27.40 
38.50 

19D08 

1 250 
0.182 
9.080 
0.056 
0,033. 
8.038 
0.031 
0.029 

0.023 
0.023 
0.019 
0.019 
0.01% 
0.017 

0,026 

0 .e16  

10 
I 
I 

L I 

I 
I 

I 
I 
1 

I 
I 

I I 
1 I 

I 

1 
I I I I I I 
I 
I 

I . I 
I 

1 
1 

I 
I 

I 

1 

0.1 

F 
L 
0 w 
R 
A 
T 
E 

I I 1 I I I 
I I I I I I 

I 
I 

I 
I 

. 
I 

I 

I I 
I 
I 

I 
I 

1 

I 

I 1 I I I I 1 
0.01 i I 1 . 1 . . 4 



c c 

SPR MEBBRANE FILTRATION TEST DATA RUNE29C 
OATE: 31 JAN 79 PSICt14 FILTER: 888H SS(MC&): 2828 UOLCC): 3a2 

- 

CUNO SUN PREFILTEREO CfiRTRIDCE 10 

L fTRES L/#IpJ HINS 

1888 
2m08 
3 o 8 8  
4.80 
5,80 
Sm80 
8.00 

I I 

1 
I 

I 
I 

I 
I 

1 
I 

I 
I 

I i 1,712 
0,645 
0,224 
0.161 
0,133 

2,581 
2 0 t42 
20 875 

3,208 
38880 

I 
I 

I I .  . 
1 

I 
I 

I I 
I I 

I 
1 

I 
I F 

L 
0 .  
ts 
R 
A 
f 
E 

I I . 
I I . 

I I I I 
1 
I 

. 
I 

. 
1 I 

I I I 
I -  I I 

I I 
1 I I 1 I 

I 
1 %  

I I " 1 .  I I I I ' 1 %  
. .  J 

I I I I I i I 

r I I I I I I 

8 20 40 60 80 180 128 I40 

(L/M) CUMULATf'l.JE FLOW (L) 



SPR IQEtlBRANE FILTRATION TEST DATA RUNZ29C-2 
DATE: 31 JAN 79 PSIC: 14 FItTER:8o0tl SSCMG/L>Z 029 UOLCL): 12.9 

COL 0 :  4 PPM 3348 

LfMIN Lf TRES 

10 428 

30 115 
2.298 

3.918 
4.628 

0 lb 5.  296 
5.943 
6,516 
t o 0 1 2  
70468 
7.875 
8.266 
80 668 
9.857 
90 422 

h, 

9.769 
10.091 
10,379 
10,647 
10. e99 
11.137 
11.359 
11,578 
11.778 

c 

10 428 
0.870 
8.817 
00 803 
0.710 
0.668 
0,647 
0.573 
00 496 
0.448 
8.415 
8,391 
8.482 
0.389 
00365 
8. 34? 
0.322 
00 288 
0.268 
0.252 
8,238 
8.222 
0.211 
0,208 

1 

F 
L 
0 
El 0. 1 
R 
A 
T 
E 

0.01 

e. 001 

1 

-I 
I I 1 I I I 
I 
I 

I . I I I I t 

0 28 40 60 80 100 120 140 

( L 4 l )  CUMULATIVE FLOW CL> 

c c 



10 
0 w 

COL 0: 4 PPW 3340 

LITRES 

11.778 24,00 
11.961 25088 
12.142 26.88 
12,315 27m80 
12,483 28,80 
12.642 
12,797 
12,945 



I 

SPR NEtl8RANE FILTRATION TEST DQTA RUN:3lC 
DATE: 31 JAN 79 PSICt  16 FILTER:8,0M SS(MCjL): m33 OOL4L): 12a96 

COL 0:  HEAK BRINE 

LITRES NINS 
~ 0 2 e  la00 
3,528 2 ,00  

2,5PF# 

L j M I N  

2,020 
1 508 

4,695 Sa00 1,167 
5,635 4,00 0.940 
6.402 
7,052 
7.632 
8,12% 
8.578 
8 977 
9.345 
9,663 
9,956 

10,231 
10,487 
10.728 
10,945 
11,147 
11,340 
11,522 
11,696 
11.862 
12,020 
12, i f 2  

5,00  

7,00 
8,00 
9, 00 

10,00 
11m00 
12,08 
13,00 

15,00 
16, 00 
1L80 
18,00 
19,00 
20,00 
21 00 
22.00 
23m00 
24,00 

6 , m  

14, @e 

0.767 

0.580 
0,650 

0,496 
0,490 
0,399 
0,368 
0,318 
0, 293 
0,275 
0,256 
0,241 
0,217 
0,202 
0,193 
0,182 
0,174 
0,166 
0,158 
0,152 

3340 10 ? 
1 . . 1 

m , . 1 . 1 1 

F 
L 
0 
w 
R 
A 
T 
E 

1 1 1 1 

1 1 1 1 
1 

1 

e11 
1 1 1 1 1 1 

1 1 1 1 1 

0,01 

0,001 
0 20 40 68 80 100 120 140 

€L/M) CUMULATIVE FLOW <L) 

e c c 



E 

Cot, 0: WEClK BRINE 2mSPPN 3348 
- LITRES’ HINS W H I N  

12,172 24.00 i 92 
12,315 2Sm00 8,143 
12,454 26s00 0,139 
12,588 2fm80 8,134 
12,713 28s00 8,125 
12,842 29m08 @,I29 
12,964 30.08 0,122 



SPR WEMBRANE FILTRATION TEST DATA RUN: 32C 
DbtE: 1 FEB 79 PSIC: 50 FILTER:@.4N SS<MG/L>:l8.6 UOL€Lj:  .5 

. 1 1 I 

I 1 

RAW 

J 
WEAK 

L I TRES 

0.100 
8.200 
0.380 
0.408 
0.500 

IPL 
0 cn 

BRINE 

MINS 

0.20 
0.80 
2.00 
3.60 
5.90 

PONDQUT 

Lftl I N 

8 .  SQQ 
0.167 
8.083 
0.063 
0.043 F 

L 
0 

10 
1 E I I 1 

1 

, 

. 

W 
R 
A 
T .  
E 

0.01 

0.001 

I I I I 

4 , I I I I 
rn I I I m 1 
I 

I 

I I I I I I 

0 5 10 15 20 25 

CLYM) CUMULATIVE FLOWCL) 

c 



e 6: 

FILTRATION TEST DATA RUNg33C 
FILTER~l~eBN- SS(MC/L>t 2.19 UOLCL): e32 FE 

RAW WEAK 8RINE PONDOUT 

LITRES 
@a 320 

?lINS 
0.70 8,457 

1 

F 
L 
0 
W 
R 
A 
T 
E 

1 I 
1 

J 

I - '  . 
0.1 i I I I I I I I 

I I I I I I I I 

T' I I I I I I I f 

0,001 
I 

0 28 40 60 80 100 120 148 

(L/M) CUMULATIUE FLOW (L)' 



SPR MEHBRANE 
DATE: 2 FEB 79 .  PSIC: 8 

COL D: PREFILTEREO WEAK 

L I TRES MfNS LfMIN 
4,000 1 ,W 
6,060 2,30 
8.000 3.13 

10,000 3 ,93  
12, 080 4,72  
16,808 6m16 
18,806 ?, 15 
20 000 7 ,9% 
22.000 8 ,%3 
24 000 9,6? 
26,000 10,52 
28,000 11,38 
30.600 12.25 
32,080 13,13 
34,688 14.03 

38,080 *15* 88 
40,000 16-83 
42,000 17,82 
44.000 18,82 
46,080 19,83 

52,000 23,08 

36,088 14m95 

48,000 20,83 
m , e 0 0  21.93 

2,548 
2,740 
2,4110 
2,580 
2,532 
1 869 
2,020 
2,410 
2,353 
2,381 
2,353 
2,326 
2,299 
2, 2f3  
2,222 
2, i t 4  
2,151 
2, 105 
2,020 
2,000 
1 980 
2.000 
1,818 
1 869 

FILTRATION TEST DATA RUNt36CJ 
FILTER:10,0N SS<MCiL): ,088 UOLCL): 63*6 

BRINE 10 

1 :  
I I I I I I 

L 
I 

I 
I 

I 
I 

I I 
I 

m 

L 
0 
W 0,1 
R 
k 
f 
E 

0,01 

0,001 
0 28 40 68, 80 100 128 140 

(L/M> CUMULATIVE FLdW (L)  

c c. c 



c 



SPR MEMBRANE FILTRATION TEST DATA RUNg37C 
DATE: 1 FEB 79 PSIC: 8 FILTERtlemBN SS(MC/L): ,007 VOLCL): 74.4 

COL A: CHLOROX + 

L I TRES 

2,797 
5,487 
8.189 le. 898 

13,585 
16.228 
18, 835 
21 439 
23.998 
26 523 

10 
CI 
0 

29,812 
31 505 
33.989 
36,462 
.38.932 
41.468 
43.870 
468313 
48,737 
51,147 

. 53 562 
55,953 
58,377 
60,738 

NlNS 
l a 0 0  
2,00 
3 m  08 
4.00 
5.06 
6.80 
7.00 
8,00 
9,80 

10,00 
11.00 
12.08 
13.00 
14m00 
15.00 
16m00 
17.08 
18.88 

21 00 
22,00 
23e00 
24a00 

i9,ee 
28.00 

2PPR 3348 
L d I  I N 
2.797 
2.6913 
2.702 
2,709 
2,687 
2,643 
2.607 
2,604 
2.559 
2,525 
2,489 
2,493 
2,484 
2,473 
2.478 
2,536 
2.410 
2,435 
20 424 
2,410 
2.415 
2.391 
2,424 
2.361 

F 
L 
0 
tl 
R 
A 
T 
E 

10 f 
x 

. 
rn 

1 
. 
I 

I 
I I 

. 
I 

. 
I 

rn 
1 

I 

-I 
I I 

I 
I 

I 
I 

I 

1 

0 * 1  

I I I I I I I 

0*01 4 
I I . 1 I 1 I 

0,001 
0 20 40 60 80 100 120 148 

€L/M) CUMULATIVE FLOW (L) 

6' c c 





DATE: 1 

I I 

SPR MEMBRANE FILTRATION TEST DATA RUN:38C 
FE8 79 PSIC: 50 FILTER: 8.4SM SS<MC/L>: a 3 3  VOL(L): 3*35 

I 1 
I 

I I I ~ 

I I 
I 

COL A:S 

L ITRES 
0,208 
0.400 
0,600 
8,880 
1 000 
1 200 
1.400 
1 , 600 
1 800 
2,000 
2,200 
2.400 
2,600 
2.800 
3 s  000 
3.200 
3.350 

PPM CLOROX+ 2 PPM 

MINS 

0,35 
0,63 
0,98 
1.33 
l e t 7  

4, 83 
6.02 
7 ,  %7 

10,53 
14,17 
1%,90 

30,00 
24m93 

LfMIN 
8.571 
0,714 
0.571 
&5ti 
0.455 
0.500 
0,400 
0,357 
0,290 
0,220 
0,158 
0.108 
0,075 
0,055 
0,042 
0,033 
0.030 

3340  

F 
L 
0 
w 
R 
Is 
T 
E 

10 
I 

I 
1 

I . . . 1 1 

, 
0.01 4 I I I 

I I I , J 

I I I 

8.801 I I I I I I 

I 
I 

0 5 , 10 1s 20 25 

c C' 
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I- 
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n
 



SPR flEllBRANE FILTRATION TEST DRTA RUN:42C 
2 JAN 79 PSICt 6; FILTERt l0 ,BN SS(flG/L>: 7.31 UOLCL): a26 

>b 1 I I I 
I 1 I I 

1 I I I 1 
I I .  I I I I 

I 

RAW WEAK BRINE PONDOUT 

I I 

L I TRES NXNS LRCSIN 

I I I 
I 
I 

I 

80228 
0,240 
8.260 

0.50 9,440 
8.98 8,058 
3.58 80008 

F 
L 
0 
W 
R 
c3 
T 
E 

16 

I I I I I I I 
1 :  1 

I 1 I I I I I 
0.1 i . I m 

I I . 
# I I m I rn I I 

8.01 

. 
0.001 I I 1 I I I I I 

B 20 40 ,60 88 199 120 148 

( L R M )  - CUMULATIVE FLOW (L) 

c 



SPR t4EHBRANE FSLTRATION TEST DRTA RUN:48C 
DATE: 2 FEBit9 WIG: 8 FILTER:l000N SSCMWL): .81 VOL(L): 6701 

10 3 m 
I . 1 

1 
I 

. 
I I 1 I I I t 

00 1 

COL 0:  PREFILTEREO WEAK BRINE 
L f TRES WINS t/#IN. 

2.423 1008 2,423 
2,00 2.58~1 1 5,083 

9.935 4,@8 2,422 
7,513 3,68 2.518 

12,358 5,00 2.423 F 
14.758 6.00 2.400 L 
17.163 ?,88 2.405 0 
19.563 8.00 2.400 W 
21 . 938 9 . w  2,375 R 
24.305 10.60 2.367 A 
26,685 11.00 2.380 T 
28,988 12.06 2.303 E 
31.283 13.00 2,295 
33.595 14.88 2,312 
35.888 15.80 ' 2,293 
38.138 16.00 2.258 
48.365 17080 2,227 

44.752 19080 2.179 
42,573 l8A8 2,288 

46.932 20,00 2,188 
49,892 21.00 2.128 
51.165 22.00 20113 
530282 23088 20117 
55,378 24.80 20096 

I 
I I I 

I I 
I 
I 

I 
I 

00 01 

I I I I I I I 

0.801 I I I I I I 1 
0 20 40 60 80 100 120 140 

(LJM) CUMULATIVE FLOW (L) 



COt 0: PREFILTERED WEAK BRINE 

LITRES RINS L 4 I N  
ss.378 24.88 2.096 
57.385 25.88 2.807 
59.393 26.88 1,998 
61.338 27.00 1.955 
63.275 28,99 1.937 

67.068 30.88 1.879 
65.189 29.88 1.914 



c 

OWE: 

18% F 

SPR 
3 FEB 79 

ILTRRTE L 

HEHBRANE f 
PSIC: 10 

.AKE + 90% R 

c 

ILTRATION TEST DATA RUNZ56C 
FILTER~l000N SS(trlC/L>'. a 2 4  VOLCC): 2.97 

'AW BRINE 
L 1 TRES NINS L./MfN 

t * 000 0m42 20 
20000 0.80 2.632 
2,708 
20 800 
2,980 5m25 0,844 
2,970 6.00 8,093 L 

0 
Id 
R 
A 
T 
E 

I 

1 
4 I I 1 1 

# 
I 
I 

1 .  

1 
I 
1 

I 
1 

I 

1 

801 * ! j  

00 01 

00 001 
0 20 40 60 80 100 120 148 

(LjM) CUMULATIVE FLOW (L)  
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NENBRANE FILTRATION .TEST DATA RUNzS4C 
PSIG: 8 FILTER:lO.BN SS<flG/L): '23 UOL<L>: 3.21 

10 WAT 

F 
L 
0 
W 
R 
A 
T 

2.808 16.40 0.834 E 
19.50 0.032 

25.50 0.037 
3.211 30.00 0.825 

22.80 8.0358 

10 

l l  1 1 1 1 1 1 t 
1 1 1 1 1 1 

1 1 
1 

1 
1 1 . 1 1 

1 
1 
1 

1 

l .r .. 1 1 1 1 1 
1 1 

1 
1 

0.1 

0.01 

0.001 
8 28 48 60 80 100 120 148 

(LRM? CUMULFITIVE FLOW (L) 



SPR HEMBRANE FILTRATION TEST DATA RUNZSSC 
DATE: 3 FEB 79 PSIC: 50 FILTER: 0.4513 SS(NG/L): m50 VOLCL): 2,095 

I I I I I , 

COL c:.3 

L I TRES 

8.280 
0.300 

8.508 
0.608 
0.700 
0,880 
8,908 
1.000 
1.100 
1 200 
1 s 308 
1 a 408 
1.500 
1 680 
1.700 
1.800 
1.900 
2.000 
2.200 
2.400 
2.680 

0.488 

2 0 6.55 

PPM S07C + 2 PQM 3348 

MINS LfflIN 

8.65 0,308 
1.10 8.222 
la70 8.167 
2.30 8.1.67 
2.88 8.208 
3.20 0.250 
3.60 8.250 
4.05 0,222 
4.50 0.222 
4.95 0.222 
5.40 0.222 
5.95 8.182 
6.58 0.182 
7.28 0.143 

8.85 0,111 
9.87 8.098 

20.45 0,842 

7.95 0.133 

11.80 0.988 
12.48 8,071 
15.78 0.061 

26.88 0,031 
30.00 0.030 

F 
L 
0 
w 
R 
A 
T 
E 

. I I 
m 

1 I 1 I 
I I I I I 
I 1 I I I 

0.1 

v 

a I I . rn 

0.01 4 I I . I 

0.001 i a 5 10 15 28 25 

c L/M > CUMULATIVE FLOW(L) 



c 

RANE FILTRATION TEST DATA RUN: w c  
DATE: 3 fEB 79 PSIC: 50 FILTER:0,45M SS(MWL):  5.76 

10% FILTRATE LAKE+90% RAW BRINE 
LfTRES MINS L/MIN 

0.400 1.50 0.190 
O.6QQ 3.60 8.895 
0.800 6.88 0,863 

F 
L -  
o 
W 
R 
k 
T 
E 

10 4 I . 1 f 

1 

8. 1 

I I I 

n I I I I I 
I I I I 

I I I I I 
0.01 : 

I 
1 
1 

I 
I 

1 
I 

I 
I 

I 

I 
. 

I I 
1 

I 
i 

I 
I I I \ 

0.001 
0 5 10 15 20 25 

<L/tI) CUMULAT I VE FLOW (L > 



6 b  
Iu 
Iu 

SPR MEMBRANE FILTRATION TEST DATA RUNt6OC 
DQTE: 3 FE8 79 W I G :  10 FILTER: 10a0N SS(MC/L): e36 VOC(L>: 2.26 

10% FILTRATE LAKE 

L f 1RES MINS 
1.080 0.40 
1 888 1.20 
2,080 2.60 
2,100 4.10 
2,280 7 ,  is 
2.255 10a00 

+ 90% 

L/MIN 
2.500 
1 000 
0,143 
0,067 
0,833 
0.819 

F 
L 
0 

‘ l d  
R 
A 
T 
E 

. . 1 , . . 
I I I I 1 I I 

I I L I I 

I 1 I I I n I I I -  
1 

0.1 
I I I I - 

L 1 I 
I 

J - i 
I I 

EL01 

0,001 
8 28 40 60 88 100 120 148 

(L/M> CUMULATIVE FLOW (L )  

c. C’ 



c
 

423 



SPR HERBRANE FILTRATION TEST DATA RUNt64C 
DATE: 3 FEB 79 PSICt 10 FILTER: 10.9N SS<flWL)t a 9 1  VOL4L): 81 

I I I 
I I 1 
I 1 

I 1 

1 
i 

I 
I 

1UH CUNO 

LITRES 

1 000 
3,000 
5.000 
7.000 
9,090 

11.000 
13,000 
15,000 
17,800 
19,000 
21 000 
23,000 
25.000 
27,000 
29.900 
31.008 
33,000 
35.088 
37.000 
39.080 
41.088 
43.000 
45,000 
47.000 

PREFILTER: 985 + 

BINS L 4 l I N  

0.40 2.500 
1.10 2.857 
2B29 1.818 
2m95 2,667 

5.20.  2.580 
5m90 2,857 
6m68 2,857 
7.30 2,857 
8.10 2.500 
8.80 2,857 
9.50 2.857 

10.95 2.667 

12.40 2,857 
13.15 2,667 
13.90 20667 
14m60 2.857 
15.38 2,857 
16.03 20667 
16.75 20857 
17.50 2,667 

10.20 2,857 

11.70 2,667 

F 
L 
0 - w  
R 
A 
T 
E 

I 1 I I I I I 

1 

0.1 
I I I I 1 

I 
I 

1 
1 

I 
I 

I 

0.01 

0.001 n 
0 28 40 60 88 100 128 140 

CLlM) CUMULATIVE FLOW (L)  

c 

. . . . . . . . . . 



IUN CUNO PREFILTER: 98% + 10% RAW 

L 1 TRES HINS L44IN 

47m080 17mS0 2,667 
49,000 18a20 2.857 
51,088 18m90 2.85t 
53.008 19.78 2.508 
55,888 20,48 2.857 
57,808 21.10 2.857 

I b  59,668 21.85 2,667 
61,008 22.55 2.857 
63mO90 23a30 2.667 
65.800 24.88 2,897 
67,088 24,75 2,667 
69,888 25.59 2,667 
71,888 26.28 2.857 

75.008 27.65 2.667 
77,008 28.40 2.667 
79,008 29.10 2.857 

tu 
UI 

x e e e  26.90 2,857 

81.800 29.85 2.66:t 



APPENDIX X I  

EXPERIMENTAL DATA FROM THE VENDOR FILTER 

INJECTION TESTS PERFORMED AT 

BAYOU CHOCTAW 

426 



c c 

SPR tlENBRANE FILTRATION TEST DATA RUN:Mt 
DATE: 29 JAN 79 PSICtSB FILfER:@.45M SS<NC/L):o23 

C.E. WATCO--Ml 

LIT WINS L/MIN 
0.208 0.12 1.667 
0.488 0.22 2.000 
8.688 8.37 1 . 333 
8.800 0.53 1.250 
1.088 8.78 1 0  176 
f ,588 1.87 1.351 
1 . 800 1.25 1.667 
2.080 1.50 0.800 
2.488 1.83 1.212 
2.600 2.03 1.080 
2.800 2.25 0.909 
3.800 2.45 1. 000 
3.400 2.88 e. 930 
4,000 3.83 0.632 
4.588 4.25 l a  190 
4.700 4.53 0.714 
5 0  000 5.00 0,638 
5.400- 5.50 0.800 
5.708 6a00 0.600 
6.000 6.45 00667 
6 . 500 70 33 0.568 
7.880 8033 0.500 
7.400 9068 0,533 
7.708 9a75 0,448 

uoL(L): 12 

1 ° X ,  

0.01 

0 .  001 a 5 10 15 20 25 

tL/M> CUflULATIVE FLOW <L> 



t I TRES fl1NS L/MfN 



FILTRATION TEST DATA RUNt29 
FILTERt0.45M SSCMG/L)r.28 VOLCL): 18 

0-2 

S 

4.808 3. 33 
5.800 4.50 8.855 
6.880 5,6? 8.855 F 
7.000 7.80 0.  752 L 
8.000 8.50 0.667 0 

0.633 w 
0.599 R 
0.546 A 

t2.080 1So5e 0.500 1 
13.008 17.75 00 461 E 
14.880 20.08 0.429 
lfim088 22067 0.386 
15m508 24.00 0,376 
16.000 25.33 0.376 
16,508 27.08 00 299 
17,880 28.50 0.333 
17.588 30,50 0.  250 
18,008 32.42 0.260 

I I I I 

i 1 

I 
I 

I 1 
. . 

I I 1 

I I I I I I 
I I I I I 

0.01 z 4 

00 001 
0 5 10 15 28 25 

(L/M) CUMULATIUE FLOW (L)  

, 



SPR WEMBRANE FILTRATION TEST DATA RUtC34 
DATE: 29 JAN 79 PSI6:SB FILTER:0,4SM SS<MC/L):,17 UOL<L): 15w2 

1 1 1 1 

1 1 1 
1 1 1 

1 

C.€, NATCO--34 

L I TRES 

0.580 
1 000 
1.500 
2.800 
2.500 
3,080 
3,500 
4.008 
4.1588 
5.000 
5.508 
6.880 
6.500 
7,008 
7,580 
8,000 
8.580 
9,000 
9,500 

10,000 
10.500 
11;000 
11.508 
12,000 

e, 8s 1,163 
1.28 1.163 
le80 01 962 
2.27 1 i 064 F 
2.83 0,893 L 
3.42 0,847 0 
4.02 0.833 W 
4.58 0.893 R 
5w27 0.725 FI 
6.80 0.685 T 
6,73 0.685 f 
7.45 0.694 
8.25 . 8,625 
9.08 0.602 
9.97 0.562 

10,78 0.617 
11.78 8.580 
12.83 0.476 
13m90 0,467 
14.93 '0.485 
l6,12 0.420 
17.37 0,400 
18.73 0,368 

1 

le 

0 :1 

1 1 m 

0.01 2 1 1 1 1 1 

1 1 1 1 1 
0.881 I 1 1 1 

0 5 10 15 20 25 

<LRM> CUMULQTIUE FLOW CL) 

c c 





P 
W 
h) 

SPR MEHBRANE FILTRATION TEST DATA RUNt39U-48P 
DATE: 3e JAN 79 PSIC: so FILTER: OASM SS(MWLX ,M  VOLCL): i s  

L I TRES 

8,600 
1 200 
1% 800 
2,480 
3,080 
3,60@ 
4,200 

5, 480 

6,600 

7,800 
8,400 
9,000 
9,600 

10.200 
18,800 
11,400 
12.000 
12.680 
13,200 
14.000 

4,880 

7.280 

60 000 

14.200 

MINS 
0,67 

2,27 
le43 

3a17 
4m18 
5.22 
6,15 
7,18 
8m25 
9,33 

10,43 
11*65 
12.78 
13e08 
15,10 
16.38 
17,60 
18*97 
20, 38 
21 83 
23.28 
24 , 87. 
27.07 
27m53 

L l M I N  

0,896 
8,789 
0,714 
0.667 
0. 594 F 
8,577 L 
00 645 0 
0,583 GI 
8,561 R 
0,556 A 
0,545 T 
0,492 E 
0.531 
0,545 
00 492 
0,469 
0,492 
0,438 

0.414 
0,426 

0,414 
0,377 
0,364 
0,435 

1 1 1 1 

1 1 1 1 1 
i i i i 

1 

1 

i 
0 * 1  i 1 1 1 1 . 

1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 

0.01 1 

0,001 
0 5 10 15 20 25 

C L/M > CUMULATIUE FLOW (L )  

c 





SPR MEfl8RANE FILTRATION TEST DATA RUNZ51U-520 
DATE: si JAN 79 PSIC: se FILTER: e . 4 ~ ~  SS(MWL): .ili U O L ~ :  i 3 , i  

C a E o  t 

LITRES 
1 000 
2,808 
3,000 
4.0Oe 

6.808 
7, 000 
8,000 

10,000 

10.600 
10,808 
11m000 
11.200 

11,600 
11.800 
120000 
12,200 
12,400 
12,600 

5. ooe 

9 a e o  

10,2430 
io.rs0e 

ii,4e0 

12, Bee 

MINS 
L32 
2m98 
4,?5 
6.58 
8.52 
IO. 70 
12,70 
14.93 
17m30 
19.93 
20m38 
20,92 
21 52 
22,10 
22.68 
23,32 
23.9.5 
2 3 , w  
25,32 
26, 08 
26.65 
270 38 
28,13 
28.87 

L/MXN 

0,758 
0,602 
0,565 
8,571 
0 ,  495 
0,459 
0,500 
0 ,  44% 
0,422 
0,380 
0,444 
0. 378 
8,333 
e, 345 
8,313 
e, 345 

e.317 e, 323 e, 267 e, 294 
0,308 
0,2?4 
0,267 
0,270 

F 
L 
0 
W 
R 
A 
T 
E 

10 

1 

0,1 

0.01 

0,001 

1 1 1 1 1 1 
1 1 1 

1 

1 - 1  . 
1 

i i i i 
1 1 1 

1 , 1 1 1 

1 J 1 1 1 

1 1 1 1 1 
4 1 
1 1 1 1 1 
1 1 1 1 1 1 

0 5 10 15 20 25 

<L/M> CUMULATIVE FLOW (L) 

e 



C 



SFR MEHBRANE FILTRCITION TEST DATA RUNt42U-430 ' 

DATE: 31 JAN ?9 PSIG: 58 f ILTER:@o45f l  SSCMG/L>: 015 UOL<L>: 14.4 

LfTRES 
8. 280 
8. 400 
0.600 

1 000 
8.800 

rn W 1.488 
1.600 
1 . 800 
2.000 
2. 200 
2.400 
2.600 
2.800 
3.000 
3.200 
3.400 
3.608 
3.800 
4,000 
4.200 
4.400 
4.600 
4,800 

Ip 1 . 208 

MINS 

00 23 
e. 45 
0.62 
0.  88 
1.12 
1.37 
1.63 
1.88 
20 15 
2.45 
2.65 
2.93 
3.18 

3.77 
4.05 
4.40 
4.6% 
5.00 
5.33 
50 58 
3.88 
6.23 
6.57 

3048 

LIMIN 
0.870 
0. 909 
1,176 
0.769 
0. 833 

00 769 
0.800 

0.800 
0.741 
0.667 

0.714 
1 000 

0,800 
00 667 
0.690 
0.714 
0.571 
0.714 

0.606 

0.667 
0.371 

8.625 

00 800 

8.588 

F 
L 
0 
Id 
R 
A 
T 
E 

1 

i I I 

I I I I 
0.1 

1 I . . . 
0.01 : 1 I 1 

I I I 1 I I 

0.001 
0 5 10 15 20 25 

<L/M> CUMULATIUE FLOW <L> 

c 



C. E. NATCO-42U-4GD 

LITRES MINS L/rlIN 
4 800 6.57 0.588 
s.000 6.95 e, 526 
5,208 7.28 0;  6@6 
5,488 7.63 8,571 

5,808 0.526 

6,400 9.40 0,571 

5,608 8.00 0.541 

6,808 0,571 
6.200 0.625 

6,680 9.77 0,541 
6,800 10.17 0,500 
?=e88 143 0.556 
7,208 10 8,513 
7.400 11.38 0,526 

; l a 6 8  0,526 
12.. 12 0,455 

8,880 12.58 0.526 
8,200 0,606 
8,400 0.541 
8,600 0,444 
8,880 0.465 
9.080 0.444 
9.200 0,444 
9.400 0,500 

10.008 16.92 0.426 
10.200 17,3@ 8.526 
10,408 17.82 8.385 
10.600 18.40 0,345 
10.&00 18.83 0.465 

9,600 0,351 
9,880 16.45 0,400 



c 

C.6, NAtCO--42U-43D 

LITRES RXNS 14un 

11,088 19a38 0,364 

11,400 20m47 8,364 

10,808 18.83 0,465 

i i 280. 19.92 0,370 

w 6 a ~  am 0,357 
11.808 21.60 0,351 i2,eee 2 2 ~ s  0,364 
12,280 22,62 0,426 
12,400 23,23 0,328 
12,680 23*78 0,364 
12,800 24.43 0,308 
13,008 2Sm03 0,333 
13,280. 25,72 0,290 
13.488 26m3f 0,308 
13,600 27m80 0,317 
13,880 2?,72 0.278 
14,888 28,42 0,286 
i4.200 m e 3  0,328 
14,400 29a57 0,370 

c 



c 

I! 

u-5 

0,588 
0,556 

0,463 
0,485 
0,360 
0.311 
8,272 
(3.197 

137 

0,472 

c 

ILTRATION TEST DATA RUN: 
FILTER:0,45M SSCMCRL): 

F 
L 
0 
W 
R 
A 
T 
E 

10 

0 .  

I I I I I 
4,- I I . I I 

0,001 
0 5 10 15 20 25 

(L/M> CUMULATXUE FLOW (L> 



SQR MEMBRANE FILTRATION TEST DATA RUN:69U-700 
DATE: 1 FEB 79 PSXC: 58 FILTER: 0045M SS(MC/L): a 1 4  UOt€L>:  12.83 

L STRES 

1.000 
2.880 
3.000 
4.000 
5m000 
6.000 
71000 
8.000 
9.000 
10.000 

18.400 
10.600 
10.800 
11,000 
11.200 
11.400 
11,600 
11.800 
12.000 
12.208 
12.408 
12.600 
12.800 

le. 200 

MINS 
1.17 
2.43 
3.77 
5.43 
70 18 
9.08 
11.03 
13.27 
1s. 73 
18,57 
19.17 
19.82 
28.43 
21.18 
21.83 
22.62 
23.42 
24.25 
25.13 
25.95 
26.70 
27.72 
28.98 
29.80 

L/M f t4 

0 .  855 
0.794 
0.746 
8.602 
0,571 
0,526 
0.513 
0.446 
0,407 \ 

0.352 
0.333 
0.308 
0.328 
8.2637 
0.30% 
0.253 
0.250 
0.241 
0.227 
0.244 
0.267 
0.196 
0 .  159 
00 244 

F 
L 
0 
W 
R 
A 
T 
E 

1 

0.1 

1 1 t 

i i i i I .  
1 1 1 1 1 

1 1 1 1 1 
0.01 i 1 

1 1 
1 1 1 1 1 1 

0.001 1 
0 5 10 15 20 25 

< L/M > CUMULATIVE FLOW CL> 

c 





DATE t: 1 
SPR NEPlBRANE FILTRATION TEST DATA RUNs77U-780 

Ff8 ?9 PSIG: 58 FILTER: 0a45H SS(NWL): a i 3  VOL(L): 

L I TRES 

@a600 
1 . 000 
1.400 
l o  688 
1.808 
2.200 

3.000 
3.200 
3.880 
4.408 
5.000 
5.200 
5.408 
5.600 
5.800 
6.000 
7.580 
8,000 
9.000 
9,500 

10.000 
18. se0 
11a080 

2.880 

MINS 

O n  63 
1.12 
1.65 
i .93 
2.25 
2.90 
3.85 
4.20 
4.55 
5.55 
4.53 
7.58 
7.98 
8. 38 
8. 7% 
9.1% 
9.57 

13. 72 
15.777 
16.8% 
18.85 
19.20 
20.30 

12.65 

L/MfN 

0.952 
0-816 

0.714 

0.615 
8.632 
0,571 
8.571 
0.600 

0.755 

0.623 

0,612 
0.571 
8.508 
0.580 
0.500 
0.500 
0.513 
0.487 
0,467 
8.48% 
8.450 
0.427 

0.455 
0.435 

F 
L 
0 
W 
R 
A 
T 

13.5 

1 
1 1 1 1 

0.1 

1 1 1 1 1 

0.01 i 1 1 1 1 

0.001 
0 5 10 15 20 25 

(L/M) CUMULATIVE FLOW (L)  

c c 



c 

CmE, NATCO 

LITRES HINS LHMIN 

1 008 

3,080 
4,080 
5,008 
6,000 
7.000 
8.008 
9.800 

2 . 0 0 ~  

10, $80 3.22 2,857 
Ei.000 3.58 2,778 
12,008 3.95 2.703 
13.888 4.33 2.632 

15.008 5.12 2.783 
16.008 
I t ,  080 

14,888 4m75 2.381 

18.880 6.22 3.333 
19.880 6.88 1.724 
20,000 7.28 2.093 
21.000 7.77 2.041 
22 * 008 8.25 2,883 
23.000 8.80. 1,818 
24.000 9m27 2,128 

10 

1 

0 

0.001 

(L/M? CUMULATIVE FLOW ( L )  



efb 
efb 
efb 

\ - 

e 

LE. NATCO 

L 1 TRES 

25 800 

28,088 

30 800 
31 008 
32 008 
33 000 
34 000 
35 808 

37 000 
38 , 080 

40 , 000 
41,000 
42,000 
43.000 
44 000 

46,000 
47,000 
48,000 
49,880 
58,088 
51,880 

24 000 

26, ~ e 0  
27 080 

29 , e00 

36 , e00 

39 e00 

45,00e 

HSNS LIMN 

9m27 2,128 
9n88 1,887 

10m32 1,923 
10m95 1,587 
11a45 2,888 
12.05 1,667 
12*67 1,613 
13,38 1,587 
13,93 1,587 
13,62 1,449 
15a28 1,515 
15.97 1,449 
16,70 1.370 
1?,43 1,370 
18.20 1,299 
18m47 3,704 
19*77 8.769 
20m58 1,235 
21e42 1,190 
22a28 1,163 
23.17 1,124 
24m08 1,099 

26a87 8,935 
27.12 8,952 
28a27 0,878 
29m42 8,870 
30e58 0,862 

25,00 1,087 



c c c 

DATE: 30 

C.E. 
L I TRES 

2. 080 
4.000 
6.080 
8,808 

10.000 
12.000 
148 000 
16.060 
18.000 

24.888 

28.000 
30 0Q0 
32.000 
34 000 
36 000 
38 008 

42.008 
44.080 
46.000 
48.000 

20 000 
22 000 

268 080 

48.000 

SPR HENBRANE FILTRATION 1EST DATA RUNg407C 
JAN 79 PSIG: 20 FILTER: 8.0M SSCMCYL): 001 UOL(L): 8109 

NATCO--4@7 

MINS 

0. s0 
1.03 
1857 
2.13 
2.68 
3.27 
3.82 
4840 
4.98 
5.58 
6.28 
6.83 
7.48 
8.13 
8.80 
9.47 
10.15 
10.83 
11.53 
12823 
12.95 
13.67 
14.42 is. 17 

L 4 l I N  

4.000 
3 8 ??4 
3. i’04 
3.571 
3.636 + F  
3.390 1 
3.636 0 
38 448 W 
3.44% R 
38 333 A 
3,226 T 
3.175 E 
3,077 
3,077 
2.985 
2.985 
2.941 
2.941 
2.857 
2.857 
2 778 
20 778 
2,667 
2,667 

le- 

1 

0,1 

1 1 1 1 1 1 1 

0.01 i I 
1 1 1 1 1 1 1 I 

0.001 : 
0 20 40 60 80 188 120 148 

€L/M) CUMULATIVE FLOW (L) 



L 1 TRES 

48 888 

s2 0 000 
54 . a00 
56.008 
58 000 
6Q 00@ 
62.000 
64 000 

se. m a  

660 008 
680 000 
70 808 
'72.080 
74 L 888 
76.000 
7% 080 
80.080 
82.000 

HINS L/)IIN 

15017 2.667 
1So9S 2.564 
160t3 2.564 

18033 2.469 
19.15 2.439 
19097 21439 

21065 2.353 

17.52 2.532 

28.80 2.,410 

26.13 20185 

28.07 2.062 
27.10 2.862 

6 



c 

1 x 1 I . 
I 

I I 
I 

I '  I 

1 I I I 

I I I I 

I I I 

c 

I 

e 

SPR MEtlBRANE FILTRATION TEST DATA RUN:N3 
DATE: 29 FE8 t 9  PSICt  6 SS<flf/L>:.@l FILTER:l0.BN 

P 
P 
'4 

LITRES 

2.088 
4m088 
6 m  808 
8.888 

18.888 
12m680 
14.088 
l6.888 
t8.@88 
20 0 068 
22.000 
24 . 888 
26.080 
28 0 000 
300 8%8 
32 088 
34 088 
36.000 

42.888 

38,088 
40m880 

44. ooe 
460 880 
48 888 

PIINS 

0m62 
1mlS 
1.68 
2 m  22 
2m75 
3m28 
3m78 
4m88 
5 0  35 
Sm 99 

7m07 
7m62 
80 17 
8.43 
9.30 

10m40 
18.97 
11.52 

12m65 
13.22 

4.35 

6.53 

9. 85 

12.08 

U M I N  

3.774 
3.704 
3,774 F 
3.774 L 
4,000 O 
3.509 w 
3.774 R 
4,255 A 
8,333 T 
20 128 E 
3,704 
3,636 
3,636 
7.692 
2m 299 
3,636 
3.636 
3. 509 
3.636 
3. 571 
3.589 
3.509 

10 : Y 

1 :  
. . 

I m . I I I 

0.1 

8,001 
0 20 48 6@ 80 100 120 148 

(L/M> CUMULATIVE FLOW (L)  



c 

C m E a  
L I TRES 

50.088 

54.080 
56 , 008 
58.080 
60,088 
62 , 808 

. 64.808 
66 . BBO 
68 080 
70 088 
72 . 000 
76.008 
78.008 

48. m e  
52 088 

74. m e  

80.0e0 
82. aee 
84 . m e  
88 , e00 
9e.0430 

86 , 080 

92 000 
94.080 
96 068 
98 . 000 
100o000 

. 102.808 
104.000 

NATCO--N3 

13.22 3.509 
13.78 3.571 
14.3? 
14a95 
15mS2 
16.08 
16. 67 
lL27 
17.83 
18.33 
19.00 

20,20 
20.7% 
21.28 
21.98 
22. 68 

w.6e 

23.20 
23.80 
24.33 
25.82 
25.63 
26.25 
26. 87 
27.47 
28.10 
29.33 
28.72 

29.97 

c 

3.398 
3,448 
3.509 

4.000 
2,985 
3.333 
3,333 
3.44% 
4.000 
2,857 
2.857 
30 846 
3.333 
3.774 
2,899 
3.279 
3a 226 
3.226 
3,333 
3.175 
3a226 
3.279 
3.125 



c 

I I I I 
I I I 

4 

SPR NEMBRANE FILTRATION TEST DATA RUNZNS 
DRT'E: 1 FEB 79 PSIC: 19 FILTER: 10, ON SSCMC/L>: < 01 UOLCL): 49.5 

I I I I I I 1 
I I I I I 

I I I 
I J 

L f TRES 

7,932 
9,592 
11.258 
12. 933 
14,625 
26,293 
17.983 
19.661 
21.000 
23.812 
24 0 682 

31 . 347 
33,813 
34 677 
36 322 
37.973 
39 62% 

NATCO--WS 

MINS 
i 0 88 
2*88 
3.88 
4m08 
5.08 
6. 88 
?.@e. 
8.00 
9.88 
10.08 
11.00 
12.00 
13.00 
14.00 
15.08 
16.00 
17.80 
18. e0 
19.00 
28-00 
21 0 00 
22.00 

- 23.88 
24. 08 

L/MIN - 

1 . 552 
593 

1. 578 
1.599 
l.6lO 
1 660 
1.666 
1.675 
1.692 
1 668 
1.690 
10 678 
I 339 
2.012 
1 . 670 
1.673 
10 658 
1.610 
1 724 
1.666 
1.664 
1 . 645 
1 651 
1 653 

R 
A 
T 
E 

10 

1 :  I 
1 . 1 K . 1 

0.1 

. . . . , . 
0.81 : . . I 1 I 

. . I I o . m i  I I I 1 I I I 1 
0 20 40 60 80 108 120 140 

(L/M> CUMULATIVE FLOW CL) 

\ 



L E .  

L I TRES 

39 628 
41 8 275 
428 922 
44 563 
46 8 283 
47 846 
498 477 

NATCO-NS 

RXNS L4’lIN 

24800 
25,QO 

27880 

30.00 

26808 

2 ~ 3 0  
29. e0 1,643. 

18631 



c 

SPR NEHBRANE FILTRCITION TEST DATA RUNt27 
DATE: 29 JAN 79 ?SIC: 50 

BAKER--27 

LlfRES MINS 

8,200 0.13 
0,400 0.27 
8.688 8.42 
8,808 8aS8 
1 000 8a7S 
1 a 200 8-92 
f 400 i m  10 
1 680 1.32 
2 m  000 la75 
2,408 2.17 
2,600 2.42 
2,800 2.68 
3,400 3.55 
30 600 3a88 
3,800 4m22 

4,400 5-27 
4,600 Sa 70 
4,808 6 a  15 

s o  200 7 ,  15 
5.400 7 .  67 
5,600 80 25 
5.800 8087 

4,000 4,58 

5,000 6.63 

LjM f t4 

i 538 
i a 429 
i a 333 
1 250 
I ,  176 
1.176 
l m i t i  
0,989 
8,930 
0,952 
e, 800 
0 a 769 
0,690 
8,606 
00 588 
8.556 
0,580 
8.465 
0,444 
8,417 
0,385 
0,305 
0,345 
0 a  323 

F 
L 
0 
H 

> f ?  
A 

' f  
E 

0.1 

I i I I I 

I 1 1 I 1 
I i I I I 
I I I I I 

0,01 : 1 

0,001 : 
0 -  5 10 15 20 25 

< L/M> CUHULf9TIVE FLOW (L) 



, . ~ . ", . ~. . .  __ . , , . - ,  .~ . .. .. . .- . .. . .- - ..... .. .. . ._.l . I . " .. . . .. . . . . . . . . .. . . . . . . I. .. ... - . . . - 

. 

L I  TRES MINS L/MIN 

13m008 20m30 0,455 
limS00 21.72 8,352 
12.088 23m10 0,362 
12,500 24m45 0,370 
13.088 26*88 0,323 
13,588. 28m65 . 0,189 

c e 



c c 

DCstE: 30 
SPR I'4UlBRANE FILTRATION TEST DATA RUN232 

JQN 79 PS1C:SB FILfERt0.4SPl SS(RWL?t .2!5  UOLCL?:6.2 

BAKER-32 

L 1 TRES 

0,208 
8,488 
8.608 
8,800 
1 088 
1 a 208 
1 a 480 
1 , 608 
1 880 
2,000 
2.200 
2,480 
2,680 
2,800 
3,em 
3.200 
3,400 
3,600 
3,800 
4,000 
4.208 
4,400 
4,690 
4.800 

#INS 

0' 18 
8 a  28 
8. 43 
0,58 
0m77 
0.95 
1.15 
1,37 
la60 
1,83 
2,08 
2.35 
2.63 
2.95 
3 a 2 ?  
3,62 
4,02 
4a42 
4.85 
5.40 
5.93 
6a60 
7a38 
0,27 

L 4 l I N  

1,111 
2.080 
1 , 333 
1.333 
1 053 
1,111 
1. 000 
8,909 
8,870 
8.870 

0,741 

8.625 

0,800 

0,714 

0,625 
0,371 
0.500 
0.500 
0,465 
0.364. 
0,377 
8.299 

8,225 
0,256 

F 
L 
0 
w 
R 
A 
T 
E 

10 i . . 
1 1 1 * 

1 

r 

1 1 1 1 . 
1 1 1 1 1 

0,001 4 
0 

(LlM) 

5 10 15 28 

CUMULATIVE FLOW (L) 

25 



HINS L/NIN L I TRES 

5,808 
6,000 
6,488 
6,608 
6,808 

7.280 
7,480 
7 680 

7,888 

7,888 
8,888 
8.480 
8,828 

8,323 
e. 303 
8,299 

8,288 

&1S7 
0.145 

8,163 

0,258 

0,198 
8,182 

8,133 
0, 109 

8,066 

21.67 
12m67 a 

VI a 13m68 
14.78 
16, 05 
17m43 
18m93 
2Om77 
24m67 
31 00. 



c 

I 
1 

SPR MENBRANE FILTRATION TEST DCITFI RUNr71UP-72 
DC1TE: t FEB 79 PSIC: 50 FILTER: 0m45M SS€MC/L): m14 VOL(L>: Se3 

. I f TRES nfNS 
0,739 1.88 
t e 384 2.88 
1 796 3e00 
2.212 4e00 
2,576 5.00 
2.892 6.00 
3.183 7. $0 
3.438 8.00 
3,671 9e00 
3.879 10.00 
4.868 lis00 
4.241 12.80 
4.499 13A8 
4,549 14.00 
4.689 15.00 
4,810 l6m00 
4.931 17.00 
5,842 18e88 
S.lS8 19,m 
5.251 2cwe 

1 

0.001 
I 

U M I N  

0,565 

8,364 

0,291 

0,739 

0,492 
0.414 

8,316 

1 

0,255 
0,233 
0.208 
0,189 
0.173 
0,258 
0,050 
0.140 
0.121 
B e  121 
8.111 
0,108 
8.101 

10 1 

F 
L 
0 
W 
R 
A 

1 I 1 
I I 

I I 
1 I 

0, i 

I I I I I 
0.01 ; - 

I I I . 
I I I I I I 

( L a  > CUMULATIVE FLOW (L) 



BAKER--32 

L 1 TRES WENS 

4,800 8,27 
Sa 800 9n27 
Sa208 10m43 
5,400 11m83 
5,608 12,SS . 
5,808 1SD67 
6,888 18,15 
6,200 . 2 ~ s  

@a081 
0.077 

c 



c c 

SPR NEMBRANE FILTRATION TEST DATA RUN: 37U-380 
DATE: 38 JAN 79 PSIG: 50 ffLTER:@m4SM SS(MC/L): a 1 8  VOL(L): 9.4 

8,288 
0.488 
0.600 
0,888 
i 808 
1. 280 
1.408 
1 . 608 
1.888 
2,080 
2.280 
2.408 
2.688 
2.880 
3,000 
3.200 
3,400 
3.600 
3.800 
4, e00 
4,200 
40 400 
4. ti00 
4.800 

8.28 1 . 000 
0.42 8,989 
0.65. * 8,870 
8.98 0,888 
1.13 0.870 
1.38 0.880 
1.65 0.741 
le93 8.714 
2.23 0.667 
2,55 0.625 
2.90 0,571 
3.27 0.541 
3.62 0.571 
3.97 8.5?1 

4.65 0.606 
5.02 0,541 

4.32 0.571 

5.38 0,556 
5.75 0,541 
6.12 0.541 

6m83 . 0,488 
6,42 0,667 

7.2s 0,4?6 
7.6e 0,465 

10 5 . . m . 

1 

8.1 

0. 001 
0 5 10 15 20 25 

<14? CUMULATIVE FLOW (L) 



BAKER--3?-380 

LITRES 

4.800 
5.080 
5.200 
5.408 

5.800 
s.me 
6.908 
6.200 
6.480 

lb 6.600 
v1 co 6,800 

7,888 
7.288 
7,480 
7.600 
7,800 
8,008 
8.208 
8,480 
8,600 
8,808 
9,008 
9,200 
9 ,  400 

WlNS L/MIN 

7 .  68 0,465 
8.13 0,444 
8.57 0.455 
9.88 8,465 
9.47 0.426 

le,?% 0,580 

l t * 7 0  0.426 

13*15 0,400 
13,67 0.385 
14.22 0,364 
14.77 0.364 
15.35 0,345 
15.83 8,417 
16, 48 0,308 
17,l 0,290 
17*9 8,274 
1%,63 0,274 
19a40 0,260 
20*22 0,244 

9.9s 8.417 
10.38 0.4,65 

11a23 0,444 

12,m 0,417 
12m65 0.426 



c c 

SPR NEHeRkNE F I LTRAT I ON TEST DATA RUN : 44U-430 
WTE: 31 JAN 79 PSIG: se FILTER: 8 8 w  SSCMWLX . i 6  UOLCL): 1e82 

Ilm73 0,397 
138 37 8,366 
is833 08306 
17m58 8,276 
19.83 0,258 

248 87 0,168 
25m37 8,154 
26-85 0,135 
28m27 0,141 
29m80 0,131 

22.88 ~ 08197 

F 
L 
0 
w 
R 
A 
f 
E 

I I 1 I I 

I I 

0 , i  ; I I I 
1 

I I E . I 1 
1 I I 1 I 1 

8.01 i I I 
I ! 

e, 001 
0 5 10 15 20 25 ' 

CLlM) CUMULATXUE FLOW (L) 



SPR IlEflBRANE FILTRCITION TEST DATA RUN:S3U-S40 
DATE: 31 JAN 79 PSICI: 50 FILTER: B,45M SS(HC/L):olS UOL(L>: 4.7 

BAKER-53U-540 

4 
o\ 
0 

t I TRES 
8.288 

0.608 
8.800 
1 . 080 
1. 200 
1.400 
1.680 
1. 800 
2,000 
2.200 
2.400 
20 600 
2. a00 
3.000 
3,200 
3.400 
3.600 
3.800 
4.000 
4.200 
4.400 
4.600 
4.800 

0.4e~1 

c 

PIINS 

0.28 
0.62 
0.  95 
1.2% 
1.60 
1.93 
2.27 
2.60 
2.95 
3.32 
30 65 
4.85 
4. 45 
4.88 
5.33 
5.78 
6.27 
6 .  75 
7.25 
7.75 
80 18 
8.60 
9.18 
9.73 

LyMIN 

0.714 
0.588 
0.606 
0,606 
00 625 
00 606 
0.588 
00 606 
0. S t 1  
0 s  541 
0 .  606 
0.580 
0,500 
0.465 
0.444 
0.444 
0. 408 
0,417 
0.400 
0,400 
00 463 
0,400 
0.400 
0.364 

F 
L 
0 
W 
R 
A 
T 
E 

10 f . . . . 1 
1 

I 
1 1 1 1 i 

I 
I 
I 

I 
I I I 
1 I 

I I 

1 

I I I I 
0.1 : I 

I I 1 I 
I I I I I 

0.01 I I . 
I 

. 1 

0.001 I 1 I I I I 
0 5 10 15 20 2s 

(L/M) CUMULATIVE FLOW CL) 

c 



. -  . +. 
. .  

.. , 

I . -  

. .  . . .  

BAKER-33U-54D 

L f "RES HINS L 4 l I N  
4. 808 90?3 8.364 
5.880 18.28 0.364 

10 So288 16.88 ' 8.333 
5.488 11048 0. 333 
50680 ¶2o13 8.308 
5,888 12.86 8.299 
6,808 13.52 60 27% 
6,280 15.33 6.110 
6.480 15.95 00 323 
6.680 16.33 €L 145 

ul c. 



SPR HEWBRANE FILTRATIOH TEST OCCTA RUN:S8U-59D 
DUTE: 31 JAN 79 WIG: 50 FILTER: 9.4SM SS<flG/L): mi7 UOL(L>t 6.35 

. 
I I I I I 

I 

I 1 I 
I I 

I 

, 

I I I I I 

L I TRES 

1 I 1 I 1 
I I I I I 

1 

I 
0.001 

0.590 
1 rn 080 
1.500 
2.080 
2.500 
3.080 
4.880 
4.580 
5.808 

6.350 

5,500 
60 000 

MINS 

0.7s 
1.62 
2.50 
3.42 
4.42 
5.50 
%e45 
11.92 
14.00 
19.17 
24. 83 
38.00 

0.667 
8.575 
8.568 
0.543 
e.500 
0,463 
8.339 
0.144 
0.240 
0.097 
0.088 
0.068 

F 
L 
0 
W 
R- 
A 

- T  
E .  

I I 1 

0.1 4 I I-l . 
I 

I I . I 1 
I I . 
I I 1 I I 

/ I I 
I I .  I i 1 

1 

I 

C U M )  CUMULATIVE FLOW <L> 



c 

SQR HEWBRANE FILTRATI 
DATE: 1 FEB f 9  PSLG: 58 FILTLE 

BAKER--67U-680 

LITRES. 
8,288 
0,488 
0,688 
O m  880 
1 080 
1 208 
1 m 488 
1 600 
1.880 
2m088 
2.280 
2.400 
2,600 , 

2,800 
3,000 
3,200 
3.400 
3,600 

Cb 
b, 
W 

3.800 
4.000 
4.200 

4.806 

4,400 
4,600 

HINS 
8.27 
8 a S 0  
0.73 
1m88 
1m28 
1m60 
tm92 
2.25 
2.57 
2m95 
3m2S 
3.67 
4m88 
4 3 3  
5a02 
5.52 
6m8S 
60 60 
7m20 
7m80 
8 ;  33 
8.9% 
9.67 
i0m30 

8.714 F 

0.488 
0,444 
0.40% 
0.480 
0,377 
8.364 
0.333 
e, 333 
0.377 

'0,388 
0,290 
8,317 

IN 
?: 

TEST DATA RUN:67U-680 
0m45M SS<#G/L>: e 1 6  UOLtL): 7e98 

1 

1 
. 
1 1 1 1 

1 

1 1 1 1 1 
1 I '  1 1 

0m01 

0.001 
0 5 le 15 20 25 

<C/M', . CUMULATIVE FLOU (L)  



BAK€R--67U-680 

I. I TRES HINS L 4  f N 

4.808 10.30 0,317 
5.088 18.90 0,333 
5.208 11.93 0,317 
5.400 12.20 0,299 
5,688 12-95 0,267 

IC. 5.808 13m77 8,244 
6,808 14.66 0,241 
6,288 15,47 0,230 
6.408 16.48 0.19% 
6.688 17m53 0,190 
6,888 18m98 0,138 
7.888 20-27 0,155 
7.200 22,90 8,076 
7,408 23-97 0,187 
7.608 26.43 0,081 
7.808 29.48 0,067 

ol 
lb 

c 



c 

1 I -  1 1 1 1 1 

1 

0,881 I 

1 

1 
1 

1 

c c 

SPR HEMBRANE FILTRATION TEST DATA RUNg404C 
DATE: :29 JAN 79 PSIC: 20 FILTER: 8 o 8 M  SSCMWL); 017 VOLCL):44 

BAK€R--484 

LI~RES 
2. m e  
4. 000 
6.000 
8,800 

MINS 
0.53 

j 1.13 
1.75 
2m43 

t0.800 30 17 
OI sb 12.000 30 98 

16,888 5.87 

1 

f4dQ80 4.87 

18,000 6.63 
20. 880 8.18 
22.880 9.40 
24.000 10.78 
26.Q88 12.32 
28.880 13.97’ 

32.00e i7,tis 

VI 

30.800 15.7s 

34,888 19.70 
38,808 24a05 
36.008 21.82 

48.800 26.40 m e o e  28.83 
44.e~~ 30.ee 

U M I N  

3.7?4 
>3* 333 
3.226 
2.941 
20 703 
2,469 
2.247 
2.088 
2,632 
1 361 
1.538 

1.212 
1.124 
1 , 053 
00 976 
0. 943 
8.897 

80 823 
1 709 

e. %si 

F 
L 
0 
w 
R 
A 
T 
E 

1 1 1 1 

1 

1 1 1 1 1 1 
0.1 i 1 

0.  01 

0 20 40 60 80 100 120 140 

< L/M > CUMULATIVE FLOW (L) 



SPR REtlBRANE FILTRATION TEST DATA RUNt408C 
OAT€: 30 JAN 79 PSIG: 28 FILTER: 800M S S ( f l C / L > t  083 VOL4L>: 73 

BAKER--488 10 J 1 
L I TRES NINS 

2.000 O n  52 
4.000 l a 8 3  
6.080 1.55 
8.080 2.08 

16.000 2.62 
12.000 3a17 
i4.eee 3.70 
1 6 a  080 4.27 
18.000 4.85 
28a000 5.43 
22 a 000 6a03 
24.080 6a62 
26.080 7.23 
28.000 7a8? 
30 080 8a48 
32,000 gal5 
34.000 90 82 
36.088 10a58 

40,008 11a95 
42,008 12.72 
44,800 13052 

48.008 15.17 

38.000 11.22 

46,080 14a33 

LyM f N 

S a  846 
S a  922 
30 846 
3. 774 
3.704 
S a  636 
3af74 
3.509 
S a  448 
3,448 
3 a  333 
3.390 
3,279 
3,125 
3; 279 
2.985 
2,989 
2.941 
2.778 
2.740 
2,597 
2,580 
2 a.469 
2.381 

F 
L 
0 
GI 
R 
A 
f 
E 

0.1 

0.01 

0,081 
0 20 40 60 80 100 120 148 

€L/M> CUMULATIVE FLOW €L>  

c c c 



c c 

~ C I K E R - - ~  

t I TRES NI W H I N  
48.080 15.17 2.381 ~ 

54.800 17.85 

68.080 20.75. 2.000 

64,000 23.88 8.952 
66.080 25.83 1.739 
68.088 26.22 1.681 

S8m800 t6mOS 2.273 
52.090 16.93 

56,000 18078 
58a008. 19.75 2.062 

62.080 21.78 1.942 

780808 27.43 
72.008 28.78 



, .... _ _ .  , I . _  , . ” . .  . . .. . .  . . _ .  . .. . . ^ .  .. . . .  . .. .._. . . . .  . . . .  . . . . . . . . . . . - - . . . . 

, 

SPR MEMBRANE FILTRATION TEST DATA RUNtBD-le 
PATE: 29 JAN 79 WIG: ti FILTER:l0,0N SS(MC/L): .02 VOLCL): 111 

LITRES 

1 800 

3 000 
4,008 

6 ,  e00 
7.000 
8.000 
9,000 
16,008 
11,000 
12.008 
13,000 

16, 000 
17.000 
1%. 000 
19,080 
20.000 
21 * 000 
22 a 000 
23,000 
24,000 

2,ae0 

5 @eo 

i4,em 
15,0043 

MINS 

0,27 
0.50 
0,75 
1.00 
1,25 
lm50 
1,72 
1,92 
2,15 
2.38 
2,58 

3,03 
3,27 
3aS0 
3,?2 
3*93 
4,20 
4,42 
4,63 
4,8% 
5,10 
5,313 
5,57  

2-82 

L l M I N  

3,704 
4,348 

4,000 
4,000 
4,000 
4,545 
5.000 
4,348 
4,348 
3,880 
4,167 
4,762 
4,167 
4,348 
4,545 
4,762 
3, 704 
4,545 
4,762 
4.000 
4,545 
4,348 
4,167 

4, e00 
F 
L 
0 
W .  
R 
k 
T 
E 

le 

1 I I I I I 

t i  I 1 I . . I 

I I 1 I I 
I 1 I 

J 

I 

I *  i I I 

I 

0,l 

I I I I I I I 

0,01 i I I I I m I J 

0,001 -m 0 20 40 60 88 100 120 140 

(L/M> CUMULCITIVE FLOW (L)  



RKER--ED-18 
LITRES HINS 
24 880 5 3 7  
23 800 -5. 80 
26.888 6,83 
27 080 6.28 
28.008 6mS2 
2% 080 6m80 
38 . 008 7.08 
31,000 7,23 
32. 808 7.47 
33.080 7.72 
34 888 7.95 
35.080 

LflMIN 

4-16? 
4,348 
4,348 
40808 
40  167 
3. S f 1  
5,008 
40 348 
4.167 
4.008 
4,348 

4,348 
4.167 
4,888 
4,888 
4,34% 
4.348 
4,000 
4,167 
3,846 
3,784 
3,704 
1,961 
5afe4 
3,704 
3,846 
30f04 
3. f 0 4  
9.091 
30 333 

4.088 



L I TRES 

54 000 
55. 008 
56.080 
S?. 080 
58.800 
59,808 
68,888 
61.008 
62.088 

65 , 880 
66,880 

68.888 
69.000 
70,088 

73 , 800 
74 , 880 
75 , 000 
76,008 
77.080 
78, 080 
79 , 080 
88 808 
81 , 080 
82 c 000 
83.800 
84 s 800 

63 800 
64 888 

67, m e  

71 808 
72, 880 

HINS 

13.1% 
13m60 
13.8s 
14m13 
14.38 
14.6? 
14.93 
1s. 22 
15.48 
15.75 
16.83 
16.30 
16.58 
16.87 
17.17 
17.43 
17.75 
1%. 82 
18.32 
18s 68 
18.88 
19.18 
19.48 
19.77 
28085 
20,35 
28,62 
20,93 
21 25 
21 53 
21.03 

LflflIN 

3.333 
2.381 
4.088 
3.571 
4,800 
3.448 
3.846 
3.44% 
3.846 
3.704 
3.571 
3.704 
3.571 
3,448 
3,333 
3.846 
3.125 
3.?04 
3.333 
3.571 
3.571 
3.333 
3,333 
3, 448 
3,571 
3.333 
3,704 
3, 226 
3.125 
3,571 
3,333 

c 



c c 

BAKER-BD-le 

LITRES MINS LIMIN 
1 -~ 84 s 008 803 3,333 

85s888 22.13 
86,088 22.42 

* ' 87,080 22.73 
1 88m080 23083 

89.008 23.35 
98s080 23s63 3.571 
91,888 23s95 
92,808 24,25 
93,880 24,57 

Ilr 99,808 25,18 

97.880 2SS80 
98,888 26,12 
99.800 26.43 
100.080 26,73 

102,000 27,35 
103,008 27,68 
1040000 28,W 
105, 000 28,33 
186.008 28-65 
10fsOOO 28,97 

110,080 29.93 3.226 

94,000 24s87 

9 6 m e  2sS5e 4 
c, 

101 0 808 27s 05 

108,000 29.28 30226 
109s000 29062 2,941 

11 1 , 000 28 0 857 



SPR HEMBRANE FILTRATION TEST DATA RUNr4 DATE: 1 FEB 79 PS1C:lQ) FILTERtl8mBN SS(NC/L>:<mBBl UOL(L):67,9 

BAKER--4 

I. X TRES PIINS 

2,233 
4,558 

9,187 

13.696 
15,898 

6,818 

11.389 

18.148 
20 , 383 
22,63% 

27,178 
29,443 
31.713 
33,982 
36, 237 
38,486 

24 rn 887 

480 767 
43,018 
45 268 
47 o 529 
490 783 
252 039 
54 286 

Le0 
= 2,08 

3,00 
4.00 
5.00 
6.00 
7,00 
8.00 
9.00 

10,00 
11.00 

13e00 
14*00 
1% 00 
14*80 
17m00 
18,00 
19.80 
28.08 
21 08 
22,00 
23,00 
24.00 

12D08 

L/#IN 
2,235 
2.323 
2,260 
2.289 
2.282 
2.267 
2,242 
2,250 
2,235 
2,255 
2,249 
2,291 
20 265 
2,270 
2,269 
2,255 
20 249 
2.281 

F 
L 
0 
H 
R 
A 
T 
E 

2.251 
20 250 
2,261 
2.254 
2,2?6 
20 227 

0 , l  

. I I - 
8,01 

I I 

0,001 I 

8 20 48 60 88 100 128 148 

c L/rl> CUMULATIVE FLObl (L) 

e c 



c c 

BRKER--4 

. CITR€S . MINS L / M N  
54 286 
56 543 
58 m 788 

63,298 
65 549 

. 6’7,772 

61.8238 

‘24.00 2.227 
2J.88 2,257 
26.08 2,245 
27m80 2.270 
28m80 2,248 
29.80 2.251 
38m80 2.223 



SPR HEHBRANE FILTRATION TEST DATA RUNZ79U-88D 
DATE: 1 FEB 79 PSIC: 50 FSLTER: 0m4SM SS(HC/L)f mi7 VOL<L): 1.9s 

'I 

L'EAU CLAIRE--?9U-8@D 

L I TRES 

0.500 

1 , BOO 
1 200 
1 480 

0,i3e0 

i ,me 
i.80e 
1.9S0 

nrNs L d l I N  

0.68 0,735 

1.95 0,465 

3.62 0,192 
5m52 0,105 
tm67 0,070 

1m10 0.714 
la52 0,476 

2m58 1 0,317 

10 

1 

F 
L 
0 
W 8.1 
R 
A 
T 
E 

I I I I I 

0.01 : I 1 I 1 

I I I I I 

8,001 
0 5 10 15 20 2s 

(L/fl) CUMULATIVE FLOW CL) . 

c c' 



e 

I 
I 

C 

I f 
I I 

c .  

I L  I I I I 

SPR HENBRANE FILTRATION TEST DATR RUNz81U-82D 
DATE: t FEB 79 PSXC: 50 FILTER: 0045M SS(MC/L>: 022 UOL4L): 1.94 

L'EAW CLAIRE--81U-820 
L f TRE 

0.28 

8.60 
8.88 
1.00 
1.20 
to40 
1.68 
1.88 
1.94 

8.48 

3 BINS L/MIN 

3 e. se e. 714 
3 Om30 0.667 

3 O m  92 0 0 588 
3 1.28 .e. 5S6 
a 1m73 8. 444 
3 2.22 *80488 
a 20 92 8.286 
3 4.02 0.  182 
3 - 6.00 0.  101 
3 8.00 8,070 

F 
L 
0 
W 
R 
A 
T 
E 

. i 
1 1 1 1 1 
I I .  I I 1 1 

h I 

I I 
I I 

I 

t 1 I I L 

I I 1 I 1 

8. 801 I 
8 5 10 15 28 25 

c L/M > .CUMULATIUE FLOW (L) 



. ... . ~ . .  . .....I_... . . .  . . " " . . .  

-. 

SPR NEWBRANE FILTRATION TEST DATA RUHtl@StJ406D 
DATE: 2 FEB 79 PSIG: 50 FILTER: 8,4513 SSCMC/L): .16 V O  

I I 
I 

I 

10 
4 
OI 

L'EAU CLAfRE--l05U-l060 

L f TRES PlINS L/MfN 
0.200 
8.400 

0.606 
0.625 

1 000 
1.200 
1 400 
1.600 
1.808 
2.000 
2.280 
2.408 
2.668 

0.33 
0.65 

a. 600 0.9% 0.606 
8,808 1n33 0.571 

1.70 
2.12 
2.58 
3.12 
3.83 
4.75 
4.85 
8.45 
9.92 

0,541 
0.476 
0.43.5 
0.370 
0.282 
0.217 
0.095 
0.125 
0.136 

10 1 :  

1 . rn 
I . . 

F 
L 
0 
GI 
R 
A 
T 
E 

1 

0.1 

0.01 

0.001 

I I I I I . I I , 
I I 1 I I 
I I I I 1 1 

I 
0 s 10 15 20 25 

CUMULATIVE FLOW (L) 

c c 



c c c 

SPR REHBRANE 
. DCSTE: 2 FEB 79 Psrc:ie 

L'EAU CLAIRE--8-A 
L I TRES n r w  
2.808 1.38 
4o080 2.68 
5.808 3.35 
6,080 4.82 
7.088 4m67 
8,888 5.35 

28.080 6 ,  67 
11m080 7 ,  32 
12.000 8.08 
13m080 8.63 
14,008 9.32 
15.088 9.95 
16o088 20.633 
17.880 11.38 
18.088 11.97 
19.888 12m.62 
28,808 13.32 
21m000 13.97 

23.088 15m38 
24,000 15m97 
25.008 14.68 
26,000 17.35 

9.000 6 ~ 8 8  
l b  
4 
4 

22,888 14.65 

1.449 
1 538 
1.493 
1.493 
1. 538 
1,471 
t 538 
i 493 
1 538 

1 587 
2 . 471 

1 449 
1 587 
1,471 
1 493 
1 493 
t 530 
1 . 429 
1.538 

1 538 
1,471 

1 493 
1 400 
1 493 

FILTRATION TEST DATA RUN:B-A 
FItTER:l0.8N SS(MC/L>:<oBl VOL(L>:44 

-: 

F .  
L 
0 
w 
R 
A 
T 
E 

10 : - 
1 . , . 

1 

I 
I 

I I I 1 I 
I 

I 
i 1 I 

1 I I 1 I I 1 
I 

I 

I 
I 
I 

I 
1 
I 

I 
I I 

I I I I I .  I 
em1 

I 

I 
I 
rn 

. 
1 

I 
I 

. . . . 

I I I I I I I 
0.01 i I . 1 I I 1 I 1 

I I I 1 

\ 0.801 I I I I I I I 1 

CUMULATIVE FLOW (L) 



. - . .  .. .. .. .... _ _  _ . "  _ _  _. - . " .  _.. I . ....... . .. " . .  . .  . . . . . . . . . .  . 

c 

L'EAU CLAIRE-8-A 

LITRES 

26. 888 
27.888 
28.880 
29 880 
38. $80 
31.888 
32. 888 
33. $88 
34.080 
35.080 
36.008 
37.880 
38.800 
39.088 
40.088 

42.000 
43.888 

41.0~~ 

44 080 

HXNS WMIN 

17.35 1.493 
18.00 1.538 
18.68 1.471 
19.38 1.429 

28.78 1,471 
21.38 1.471 

22.72 1.429 
23.48 1.471 
24.10 1.429 

20.82 1 , m  

22.82 1.563 

24.87 t.299 
25.62 1p333 
26.37 1,333 
27.13 1.316 
27.88 1.333 
28.60 1,389 
29.32 1.389 
30,05 1.370 

c G 



c 

SPR MEMBRANE FILTRATION TEST DATA RUW8 
DATE: 1 FEB 79 PSIG:20 FILTERtl0mBN SS(MC/L):4.B1 UOL(L):l43 

i 

i 

LcEAU CLAfRE--8 
L I TRES PUNS L/#XN 

5.008 1.80 5.080 
10.888 2.80 5.080 

28.888 4.03 So080 
25.888 5.18 4.673 F 
38.808 6.88 5.102 L 

4 w 35.888 7.12 4.808 0 
48.808 8.12 So000 w 
4s . 888 9.13 4.950 R 
58.800 10.15 4.902 A 
55.880 EL17 4.902 T 
68.008 12.18 4,958 E 
65o880 13.22 4,888 
78m088 14.29 4.?62 
75.088 15.27 5,888 
880008 t6.28 4,958 

90.000 18040 5.376 
95o008 19.62 4.898 

1000808 20.4'7 4.742 
10S0000 21-77 4.5415 
1100000 22.83 4.717 
115o808 23098 40673 
1280888 24.98 4,638 

15,880 3.03 4,854 

8s.ee8 17.47 4.202 

10 

1 

1 1 1 1 1 1 1 

0.1 -! 

8.01 

8.001 
0 20 48 60 80 iee 128 140 

CL/M) CUMULATIVE FLOW (L> 



LfEAU CLAIRE-8 

L XTRES HENS m r N  
120.008 24a98 4 
12Sa080 26.07 4,587 
130a008 27a15 4,638 
135.008 28.23 4.638 

143.000 29.98 
i 4 e . e ~  29.32 4,587 



c 

SPR NEMBRRNE 
DATE: 1 FEB 79 PSICt 20 

L'ECIU CtAtRE--N6 

t 1 TRES 

2.511 
5 .'248 
7.935 

€0,6015 
13, f98 
15.f93 
18,842 
20,147 
22.008 
23.. 656 
25,113 
24.356 
27,418 
28,349 
29, I32 
29 t 8 5  
30.328 
30.801 
31 218 
31 0 597 
31 w 933 
32s 234 
32 587 
32.757 

nfNS 
1.80 
2m00 
3.00 . 
4w00 
5.00 
6.00 
7.08 
8.00 
9.00 

18, 00 
11.00 
12.00 
13m00 
14, 00 
15w00 
16m00 

lS.80 
19.00 
20m00 
21 . 00 
22m00 
23.08 
240 80 

i7.ee 

2.511 
2,737 
2m68? 
2,670' 
2 ,  593 
2,595 
2.249 
20 105 
1.861 
1 648 
1 457 
1 s 243 
1 062 
0.931 
8,783 
8. 653 
8.543 
8.473 
0.417 
0.379 
0.336 
8.301 
8,273 
8.250 

FILTRAffON.TEST DATA RUNZN6 
F1LTER:lOwBN SS(NC/L)t<mB1 

F 
L 
0 
G1 
R 
A 
f 
E 

10 3 - . . I I I I I I I I 
I I I I I 

I 
I 

I 

I I I I I I 

# i  
I . I 1  I . I . 1 

I. I I I . 1 . 

I I I I I I i 
0 m O l  4 I I I I I . 1 

I I I I I I I 

0.001 I I I I I I I l 
e 20 40 60 @e lee 128 140 

(L/M) CUMULATIUE FLOW (L)  



L'EAW 

L I TRES 

32 757 
33.012 
33,244 
33 459 
33.661 
33,043 
34,816. 



c 

SPR I'4EIIBRAHE FItTl.RATION TEST DATA R U N  --N1 
DATE: 3 Ff8 79 PSIG: S0 FILTER: 0 n 4 5 M  SS(tlC/L): a 1 8  UOL4L)t 12.3 

WATER 

C d l I N  LITRES #INS 
0.97 
2,93 

1,831 
0,943 
8,893 
0,870 
8,781 ' F  
8,719 L 
0,735 0 
8,581 W 
0,465 R 
0,465 A 

1. 000 
2.080 
3,808 
4,000 
5.800 
6.809 
7,880 

9,008 
8.000 

3, is 
4.38 
5.58 
6.97 

I I I I 

I I I 
I I I 
I 8.33 

10,05 
I I I \  I I 

On1 f 
-_ I 

12s 20 
12n63 
13.22 

1 I . I I .' I I I I 
I I I I 

I I 1 I I 
9,280 
9,400 0,339 f 

8,333 E 9.680 
9,808 

50,000 
10,208 
10, 480 
10.600 
le*%00 
l l n 8 8 0  
11.200 
11,408 
11,600 
11,800 
12,000 

13.82 
14*47 
25, IS 
15.90 
16, 67 
17,53 

8,308 
0,294 
8.267 
0,260 
% a  233 
0,211 
8,208 
8,187 
8,160 
0,138 
O n  127 
8,108 

. 
0n01 . . , 

I I 

18.48 
19.48 
28a55 
21 a 80 
23,25 
24.83 
26, 68 

I I I I I 
On801 I I I I I I 

s 10 15 20 

CUMULATIVE FLOW (L) 

25 



484 



c 

SPR HENBRANE FILTRATION TEST DATO RUNtN-le 
DCITEt 3 FEB 79 QSIG: 6 F1LtER:lQoQN SS(MC/L):e81 UOL<L):t60 

L'EAU CLAIRE: LAKE WATER-NIB 

LRMIN L f TRES 

10.000 
20.800 

40.080 
50.000 

dD P 60.008 
' 70,000 

80.000 
90 . 000 

l(90.000 
' 110.008 

120,008 
130.000 
140,000 
150.000 

.160,000 

' 38 808 

VI 

1.7s 
3.38 

5.714 
6.135 1 

. 5.07 
6.75 

5,917 
5.952 

F 
L 
0 
G1 
R 
A 
T 
E 

8.42 

a11.83 
tom 15 

5.988 
5. 780 
5,952 
5.747 

1 1 1 
0.1 i . 1 E . . . J 

13m5'7 
15. 33 S.682 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1'7.08 
18.88 

5.714 
5.556 

20.72 
22 6-7 
24 e 68 

5.435 
5,128 
5,181 
5.051 
5,090 

1 1 1 1 1 1 1 

6 - 0. 01 
26.58 
28.58 

0. 001 
0 20 40 69 80 100 120 148 160 

< L/M> CUMULATIVE FLOW (I.) 
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c c c 

SPR MEMBRANE FILTRATION TEST DCiTA RUt4: BM-1 
DATE: 23 FEB 79 PSIC: 50 FILTER: 8m4N SS(MG/L): 2.78 VOL(L): 9 s 4  

RECIRCULATED RAW POND BRINE 

L 1 TRES 

Q. 40Q 
0.600 
8.  800 
1 rn 000 
1 * 868 
2. 80Q 
2.200 
2,480 
2.608 
2.808 
3.000 
3.200 
3,400 
3.600 
3.800 
4.000 
4.2638 
4.480 
4.600 
4.808 
5 s  000 
5.280 
5 s  488 
5.600 

MINS 

8.32 
8.50 
0.70 
Q. 90 
2, ss 
2,35 
2.65 
3 s  88 
3.33 
3.75 
4.15 
4,58 
5.05 
5.55 
6 s  0% 
6.65 
7,23 
7 ,82  
8.45 
9.  08 
9 s  73 

10.45 
11.13 
11.85 

LJMIN 
1 258 
1,111 
1 900 
1 006 
0.741 
0,571 
0.667 
0.571 
8.526 
0.541 
8.506 
0.465 
0.426 
0.400 
0,377 
8,351 
8.345 
8,339 
c3.317 
8.317 
63.308 
0.278 
8,294 
0.278 I 

F 

‘10 

I I I I 
1 

I I I I 

I 
1 I I I I 
I I I I 
I I I I 
I I I I 

3 10 15 20 25 

(L/M) CUMULATIVE FLOW CL) 



RECIRCULATED RAW POND BRINE 
L I TRES 

5,688 
5.800 
6.088 
68 488 
6m60Q 

7.000 
7.208 
7 .  400 
7.600 
78800 
88080 
8.200 
8.488 
8.600 
8,800 
9.080 
9. 200 
9.358 

6,1300 

MINS LRMIN 
11.85 . 0,278 
12.60 0.267 
13.40 0,250 
15.00 8.250 
15.85 0,235 
16.75 0.222 - _ -  
17.65 0,222 

19855 8.211 
18.60 8,211 

20.52 0.206 
21855 08194 
22855 0,200 
23.60 0,190 
24.68 0.185 
25.75 
25.95 
.-U 30 05 
2%. 15 
313.00 

0.187 
0 s  167 
0,182 
0.182 
o s  176 

c 



\ 
c c 

SPR MEMBRANE 
DQTEz24 FEB 79 PSIC: SO 

RECIRCULATED POND BRSNE 

I I TRES 
0,200 
0.400 
8. be0 
Q m  800 
1 088 
1 200 
1 400 
1 608 
1.808 
2,000 
2,288 

2.648 
2.400 

2.808 
3.000 
3.200 
3,488 
3,608 . 
3.880 
4.868 
4,200 
4.400 
4,800 
5,200 

M 1 NS 

Om 15 
0.30 
O m  53 
0.81 
1m14 
1m48 

’ 4.34 
4m91 
5m56 

6m88 
6.25 

7.60 
8.38 
9ml9 

10m00 
10m88 
11m75 

15.60 
13.58 

L h l  I N 
1 m 333 
1 333 
0.878 
0,714 
0,606 
0,588 
0.500 
0 m  468 
0. 43s 
0.400 
Om 408 
O m  339 
80 351 
0,388 
Om290 
0.317 
0.27% 

8,247 

0.230 

0,256 

0,247 
0 m  227 

0,229 
8,154 

FILTRATION TEST DATA RUN: BM-2 
FILTER: 8.4N SS(MC/L>: 3.17 V O t 4 L ) t  7.2 

F 
L 
0 
W 
R 
A 
f 
E 

10 i 1 

1 I I I I 1 

O m  1 
I I 1 I I 

I .  
I 

I I I I I 

t 
Om01 i I I I 

I 
I I 1 I 
I I I I 

0.001 4 
Q 5 10 15 20 25 

< Lf’M > CUMULATIVE FLOW (L)  



4 
W 
0 

RECIRCULATED POND BRINE 
LITRES NINS LJMXN 

5. 
9. 
5. 
S. 
6.800 21.00 
6.200 22.45 
6.4Q0 24.00 
6.680 25.50 
6.800 27.10 

2BQ 15.60 0,154 

600 18.28 8.154 
800 19.55 0.148 

0.138 

400 16.90 0,154 

8 D  138 
0.129 
0,133 
0.125 

7.880 28.80 0.118 

c 



e c c 

SPR MEMBRANE FILTRATION TEST DATCI RUN: BM-7 
DATE: 26 FEB 79 PSIC: 50 FILTER: 0a4N SS<tlC/L>: 6.3 VOL(L)t 6.32 

RAW PONDOUT BRINE 

L I TRES MfNS LIMSCJ 

0.716 1.80 0.716 
1,146 2.00 0.430 
1.4% 3.00 0.358 
1.3QQ 4.00 0.304 
2.873 S A 0  0.273 
2.321 6.00 * 8.248 
2.555 7.00  8,234 
2 s 777 8.00 0.222 
2,986 9.00 8.209 
3,186 10.00 0,200 
3,380 11.08 8.194 

- 3.566 12.00 0.186 

4 b  
W 
)., 

3,747 13.00 ' 8,181 
3,923 14.00 0.176 
4,096 15.00 0.1773 
4.264 16.08 0.168 

4.742 19.00 0.156 
4.896 20.80 0.154 
5.047 21.00 0,151 

4.428 17.00 0,164 
4.3Q6 lf3.00 8,158 

5,197 22.00 0,158 
5.345 23.00 0,148 
5.490 24.00 0,143 

10 I . 

1 

. F  
L 
0 
w 0 .  i 

T 
E 

1 t 1 1 1 

1 1 1 
1 1 1 1 1 

1 1 1 1 1 

1 1 1 1 1 1 

0 .  01 

0.001 
0 2 4 6 8 10 12 



RAW PONDOUT BRINE 
L I TRES 

5.490 2 
5.633 25.00 6,143 

5.910 27.80 0.136 
6.848 25.80 0,138 
6.151 29.00 0,133 
6.315 30,BO 0.134 

5.774 26.88 8,141 



c e 

P ro w 

SPR MEMBRANE FILTRATION TEST DATA RUN:BM-ll 
DRTE: 27 FE8 79 PSIG: 50 FILTER: 8.4N SSCMWL): 3.53 VOLCL):5,96 

RQW BRINE FONDOUT 

LlTRES NINS LHMIN 

0.634 
1 088 
1.418 
1.704 
1.964 
2.211 
2,447 

1.00 K684 
2.00 0,404 

4.00 0.286 

6.00 8,247 

3.08 0.330 

S.0B 8,268 

7.08 0,236 
2.676 8.00 0.229 
2.85% 9.00 0.212 
3.094 18.00 0.286 

l l , 0 0  0,197 

3,842 14.00 8.177 

12.00 0,190 
3,665 13.00 0.184 

4.815 15.00 0,173 
4,185 16,00 8.170 
4,300 16.93 00137 
4.408 
4.500 
4.600 
4,700 
4,800 
5,000 
5.100 

17.73 8,125 
18.55 0.122 
19.33 0'128 
28017 0,119 

23.68 0.114 

F 
I' 
0 
W 

' R  
A 
T 
E 

10 

1 

00 1 

1 1 1 1 
0.01 f t 

0.001 -E33333 
0 5 10 IS 28 25 

c L/M > CUMULATIUE FLOW (L> 
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'C 
f 

SPR MEMBRANE FILTRATION TEST DATA RUN:BM-17 
DATE: 28 FEB 79 PSIC: 58 FILTER: 8m4N SS<MC/L):-- UOLCL): 7.31 

I 

i 

RAN PONDOUT BRINE 

L X TWES 

08 930 
1 . 475 
18921 
28309 
28657 

ul v1 3,264 
3.531 
3.784 
4.023 
48251 
4.677 
4,869 
5.656 
5,234 
5.404 
5.571 
5.734 
5.893 
68 199 
6.34'7 
68 492 
6 ,  634 
6,774 

l h  28974 

MXNS L/MIN 
1.00 

38 00 
4, QO 
5,00 

7800 
8.00 
9.00 

18800 
11.00 
13.00 
14.00 
158 00 
16.00 
l?. 00 
1%. 00 
19m00 
20. 00 
22.00 
23a00 
24.00 
25a00 
26mr30 

2,00 

6888 

0.930 
0.545 
0.446 

0.348 
0.317 

08 267 
08 253 
Om239 
0m 228 
Om213 
00 192 
08 187 
0.178 
00 170 
0 m  167 
00 163 
00 159 
0.153 
0.14% 
0.145 
0,142 
0.140 

0.388 

0.290 

F 
L 
0 

.- w 
R 
CI 
T 
E 

10 i . , 
i 

, 
i 

. 
i 

1 
i i 

k 

1 
1 

1 
i 

1 1 
1 

08 1 
1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 1 1 
0.81 i 1 

1 1 1 

1 1 . 1 

0.801 I 1 1 1 1 f 
0 5 10 15 20 25 

CLjMT CUMULATIVE FLOW (L)  
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e 
. 

c 

SPR MEMBRANE 
DATE: 23 FER 79 PSIG: 6 

POND OUT RAW BRINE 

LITRE9 . MINS- L/MXN 
I 

0.722 Q.S0 1.444 
1.843 1.00 2.242 
3.792 2,00 1.949 
5.178 3.00 1.386 
6,liG)S 4,0@ 0,931 
6.595 5.00 8.557 
7.086 6.00 0.390 
7" 402 7.00 8.315 
7,634 8.00 0.232 
7.885 9.00 0 . l f i  
7.940 10.80 0,135 
8.053 - 11.00 0.113 
8,157 1 2 ~ 0 0  8.104 
8.253 13.00 0.096 

8,430 15.00 0,086 
8.509 16.00 0.079 
8,586 17.00 0.077 
8,660 18.00 0,8074 
8,733 19.00 0,073 

8,870 . 21.08 0,068 
8,935 22.00 0.065 

8.344 14.00 0.091 

8.882 28B88 0,069 

8,994 2 3 A 0  0.059 

FILTRATION TEST DATA RUH: Btl-3 
FILTER: 10.ON SSCMGIL): ,214 VDL(1): 9.4 

F 
L .  
0 
w 
R 
CI 
T 
E 

1 

0.01 

. . 
8.001 I 1 1 1 1 1 1 

0 20 40 60 80 180 120 140 

CLIM) CUMULAT I VE FLOW C L > 



. ' .  . . .. . . , .. . . . . .. . - 

POND OUT RAW BRINE 

L I TRES NINS LfMIN 
8,994 23.00 
9.846 24.88 
9,896 25.08 
9.148 26.00 

8.059 
8.052 
0.050 

9,197 27,Oo 0,049 

9,294 29.80 8.048 

0,052 

9.246 28.00 8,849 

9.360 30.80 0.066 

c c 



k
i 
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DATE: 

I I I 

I I 1 

SPR MEMBRANE F I LTRAT I Ot4 TEST DATR RUH t BM-5 ' 

26 FEB 79 PSIG: 6 FILTER:lO.BN SSCMWL): .293 UOL(L): 3.8 

I 
I 

RAW BRINE POt4DOUT 

L I TRES MINS L.'MIN 

3,500 5.38 0.650 
3.6Q0 7.63 0,044 
3.780 11.92 0.823 
3.750 15.83 8.013 

VI 
0 
0 

F 
L 
0 
CJ 
R 
T 
E 

10 i 1 
I I I r I 

I I I I I I I 

I 4 I I I I I 

1 

Om 1 

8.81 

1 I I I I I I 

0.001 I I 1 I I I I I 
0 20 4 0  68 80 100 120  140 

f.L/tI) CUMULRT I VE FLOW <L > 

c . .  c- 



c c E 

SPR HEMBRANE F I L l R A T I O N  TEST M T A  RUN:BM-6 
DATE: 27 FEB 79 PSIC: 6 FILTER: 10N SS(mg/L>t  1.83 UOLCL): 3.01 

RAW SURGE POND 
LITRES MINS LfPlIN 

0 m  903 OmSW 1,780 

2.077 1.50 0,680 
2,334 

1.625 1.00 1.170 

2.700 
2.800 6*17 0 .827 '  

3.010 12.83 0.020 

2.900 8-55 0,842 . 

3,008 12.33 Om026 

F 
L 
0 
W 
R 
A 
T 
E 

10 

0 

. . I . . I 

<L/M> 0 20 40  60 80 100 120 148 

CUMULATIVE FLOW <L> 



PATE: 28 

v) 
0 
h) 

SPR MEMBRRNE 
FEB 79 PS16: 6 

RAW BRINE PONDOUT 

L I TRES 

0.939 
1 . 586 
1.867 
1 886 
1,931 
1,969 
2.000 
2.108 
2,200 
2.300 
2.355 

MINS 

0,50 
1m00 
1m50 
2.00 
2,50 
30 00 
3.5% 
5,83 
8.75 

12.58 
13.00 

L.'M I N 

i .  87% 
1 294 
0.562 
0.038 
0.090 
8.076 
00 853 
0.044 
0 ,  034 
0,026 
6.023 

I 

FILTRATION TEST DkTA RUN: BM-8 
FILTER: 18m8N SSCMC/L>: 1 m l  VOL(L): 2.4 

F 
L 
0 
W 
R 
k 
T 
E 

1 

O m l  

0. 01 

0.001 

I I I I I I 

I I 1 I I I I f 

I I I . I 1 -I 
1 1 1 I 

I 

1 
I I I I I I I 

C' 1 

C L?M > CUMULClT I UE FLOW < L > 

c 6 



c c 

SPR MEMBRANE FILTRATION 
DATE: 27 FEB 79 PSIC: 50 FILTER: 

TEST 
0.4N 

REINJECTZON SITE: RslW BRINE 

L X TRES MINS LRMXN 
om 659 
1.. 640 
1 . 350 
1 620 
1.560 
2.080 
2.290 
2,490 
2. 850 
3.819 
3.184 
3.342 
3.497 
3.646 

VI 
0 
W 

3.792 
3.932 
4.070 
4.204 
4,336 
4,463 
4,587 
4.70% 
4 8.28 
4.943 

1000 
2.00 
3.00 
4.00 
5.00 
6,00  
7.00 
8.00 

10m80 
11.00 
12.00 
13w00 
14.08 
15.00 
16.00 
17.00 
1%. 00 
19.00 
20.00 
21.00 
22.00 
23a00 
24.80 
25, QO 

0,659 
B. 381 
0,31Q 
0.270 
0.240 
Q, 220 
0.210 
0.200 
0,130 
0.169 
9.165 
0.158 
0,155 
0,149 
0 ,  146 
0.140 
0. 138 
0,134 

* 0,132 
8.127 
0,124 
0.121 
0.120 
0,115 

F 
L 
0 
W 
R 
fr 
T 
E 

10 i I I a 

1 I I I I 
I I I I 

I I 
I I 1 I 

1 I 
I e .  

I 

I I I 1 I 

4L01 i I I I I 1 
I I I I I 

8,001 I I i I I 
5 10 15 20 

CUMULATIVE FLOW (L) 
25 
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c e 

DATE: 
SPR 

28 FEB 79 
PIEMBRANE FILTRATION TEST RATA Rut& OM-14 
PSIG: 98 FILTER: 6m4N SS€MC/L>: 6m8 UOLtL): 2.3 

REINJECTION SITE: BM-14 
LITRES 

0.550 
0 .  758 
0. 858 
0.950 
1 OSQ 
1.150 
1 . 2s0 

VI 
0 
VI 

1 350 
1 450 

‘1.550 
1 650 
1 . 850 
1 958 
2,050 
2,150 
2,250 

MINS U M X N  

3. 
4 m  
5 .  
.6w17 Om688 
7m42 Ow080 

17 0.078 
75 8.075 

11.72 0.065 
13.42 0.059 
15015 OmOS6 
116.93 8mr356 
21.08 0,048 
23,33 8,044 
25,47 8.843 
28m00 Om043 
31m48 8.029 

F 
t 
0 
FI 
R 
A 
T 
E 

10 

I 
1 ;  

I I I 1 

I I I I 

0m 1 

I 1 ’ I  1 
I 1 I I I 

0 m O 1  i 
I 

I 
I 

I 
1 

1 
1 

I 
I 

I I I I 1 I 

Om001 
0 5 10 15 20 25 

< L/H> CUMULAT I VE FLOW C L > 



SPR MEMBRANE 
DATE: 27 FEB 79 PSIG: 

FfLTRATIOtJ TEST 
6 FILTER: 10,Wi 

REINJECTION SITE-RAW BRINE 

L I TRES M I N S  U M I N  

1, I06 0.50 2.212 
1 998 1.08 1.754 
2.638 1.58 1,280 
3.855 2.00 0,834 
3 s  302 2.50 0.494 F 
3,455 ‘3.00 0.306 L 
3,564 3.50 0.218 0 
3,651 4.80 0.174. W 
3,724 4,50 0.146 f? 
3.800 5.55 8.072 A 
3.908 7.33 0,855 T 
4,5500 10.50 8.832 E 
4.100 16.50 0,817 

10 =P 
I I I i 1 I 
I I I 1 I I 

I I I I I I I 

1 

I I I I I I 
i 

1 
I k I I 1 1 
1 i 1 I 

0.081 ! 
0 20 48 60 80 100 128 148 

(L/tl) CUMULATIUE FLOGI (L> 

c CT 



c 

1 

00 0501 
. 

c 

PSIC: 6 
FILTR 
FILTE 

1 923 l a 0 0  1.923 
3.255 2.00 -1 332 

4.227 4'. 50 

7,42 
4.600 9. 80 
4.700 12,00 

6,13 

3.864 3.00 0,689 

B. 170 
0,112 
0.078 

4.132 4800 0.268 

0,063 
0,033 

4,800 16'00 0,025 
4.980 21A6 8,019 
5.880 28,10 0.814 
5,030 38.08 0.016 

F 
t 
0 
bl 
R 
f4 
T 
E 



. . . . ... ~ .. . ..~__. ~-_- . .  . . .  ~ ~ . .  " . . .  . .  . . .  . . ... ..... . 

VI 
0 
Q) 

W R  MEMBRANE FILTRATIOt4 TEST DATA RUtJ:BM-l3 
DATE: 26 FEB 79 PSIG: 50 FILTER: O04N SS(tlC/L>:oB42 VOL(L): 23a6 

ULTRAFILTERED 

L I TRES M I  t4S 

8.667 0m33 
I 031 8.50 
1 398 0.67 
1.743 0.83 
2,085 
4,078 
5.927 
7.619 
9.182 

10.600 
11,886 
13.047 
14.095 
15.026 
15.859 
I6m684 
17,279 
17,889 

' 18,447 
18.961- 
19,432 
19s 871 
20.277 
20.661 

1.00 
2m00 
3 m'00 
4m U0 
Sm 00 
6m 00 
7.00 
8.00 
9m00 

10m00 
11.00 
12m08 
13. 00 
14m00 
15m00 
16.00 
17,00 
18a00 
190 00 
20000 

BRINE 

Lf'M I N  

2.199 
2.180 
2,150 
2.127 
2. 054 
1 I992 
1 a 849 
1 . 692 
1 563 
1 a 418 
1 . 286 
1.161 

0.931 
1 a 048 

0,833 
0.745 
0,675 
0w6i0 
8.558 
8.514 
0.471 
0.439 
0,406 
00334 

I-. 

fi 
T 
E 

1 8 :  I i i i 1 

1 

F 
L 
0 
W 0.1 
b 

1 

1 
1 1 1 

1 
1 1 1 
1 1 1 1 1 

1 
1 

1 1 

1 

1 1 1 1 1 1 

0 J 10 15 20 25 t? 

( L . 4  3 CUMULATIVE FLOW (L)  

c c c 



C c. 

ULTRAFILTERED BRINE 
LITRES 

20,661 
21 824 
21 369 
21 . 695 
22,004 
22.297 
22.577 
22.847 
23.104 
23 358 
23,585 

20.00 0.384 
21.80 0.363 
22.80 0.345 
23.00 0.326 
24.08 6,309 
25.00 8,293 
26.08 8.280 

'29.80 8,246 
30.00 0.235 

. .I. . 
, . .  . 



SPR MEMBRANE FILTRATION TEST DATk RUtJ: EM-15 
PATE: 27 FEB 39 PSIC;  44 FILTER: 0,4N SS€tlG/L):  s 013 UOtCL): 23.4 

ULTRAFILTERED BRINE 

L 1 TRES MSNS LRMXN 
2,171 1.00 2.171 
4.31 1 2.00 2,148 
6,293 3,00 1,982 
8,129 4,OO 1,836 
9.830 S,80 1.701 

11,375 6,88 1 , 546 
12,753 7.00  1.377 
13,972 8,08 1.219 
15,077 9.88 1,105 
16,103 1B.08 1 a 026 
16.831 11.00 0,728 
17.545 12,00 8,714 
18,181 13,8@ 8,636 
i8.76@ 14,00 8.579 
19.279 15.08 8.519 
19.730 14,80 0,471 
28,0173 17a00 0,423 
28,562 18000 0,389 
20,924 19,88 8.362 
21.26g 20,80 0.336 
21.578 21,80 0,318 
21,872 22.88 8,294 
22,133 23,08 0,281 
22,419 24n08 0,221 

10 i I 
I I I 1 

1 
1 

I 
I 

1 
I 

I 
i 

I 

I I 
1 

F 
L 
0 - I I I I 

W 8 .1  
R 
A 

1 
.r 

l 
I 

I I I I 

I 
I 
I 

I 
I 

I 
I 

I 
I 

I I I 1 I 
I 
E .  

I 

I 
I I I I I 

0,01 i 
I 
I 

I 1 I I 
I 
I 

I 
I 

I 
1 

I 
I 

I 
I 

I 

I 
I 

I 
I 

I 
I 

I 1 
0 5 18 15 20 25 

C L/M > CUMULATIVE FLOW <L) 

c c c 
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SPR MEMBRANE FILTRATION TEST 'DATA RUM: BM-16 
DATE: 26 FEB 79 PSIC: 6 FILTER:l0,0N SS<MG/L): ,806 VOL(LX68.1 

ULTRAFILTERED BRINE 10 ;r 
L I TRES 

2.252 
4.612 
6.974 
9.297 

11.556 
13,880 
15.862 
18.328 
28,593 
22.860 
25.128 
27,393 
29.659 
31 927 
34.196 

40.998 

45.531 
47,101 

43 264 

58 . 878 
52.336 
54.602 

MINS 

1.08 
2.00 
3.88 
4.130 
5,00 
6.00 
7,08 
8.00 
9.00 

l& 80 
11e00 
12,00 
13.88 
14.00 
15e00 
16.00 
17e00 
18.00 
19.00 
20,00 
21.80 
22.00 
23.80 
24.00 

L I M I N  

3 252 5: 360 
2,362 
2,323 
2.259 
2,244 
2.262 
2.266 
2.265 
2.267 
2.268 
2.265 
2,266 
2,268 
2.269 
2.266 
2.269 
2,267 
2.266 
2.267 
2,278 
2,269 
2,266 
2 , 2 6 6  

F 
L 
0 
w 
R 
A 
T 
E 

1 

8, i 

0.01 

0.001 
0 20 48 68 88 188 120 140 

< L/M > CUMULATIVE FLOW CL) 

* 

c c c 



ULTRAFILTERED BRINE 
LITRES 

54.682 
56.868 
59. I36 
61 . 401 
63.665 

68,129 
650918 

HINS LYMIN 
24,QQ 2.266 
25.QO 2.266 

28,80 2,264 



SPR MEMBRANE FILTRATION TEST DATA RUW: BM-18 
DQTE: 27 FEB 79 PSIC: 5 FILTER:10,0N SS(MC/L):.084 UOL(L>: 67.4 

ULTRAFILTERED BRINE 10 I 
1 I I I I 1 

LXTRES 

2.197 
4.540 
6.914 
9.379 

11.645 
14.027 
16.391 
18.756 
21.138 
23 . 584 
25. 886 
28 a 255 
30 a 624 
33.809 
35.388 

u1 
P 
IP 

37.725 
48. 0330 
42 . 320 
44 420 
46, 478 
48.586 
50 . 564 
52.780 

M I  NS L.’M I t4 
la00 2.197 
2,00. 2,343 
3,00 2,374 
4.00 2,465 
5.00 2.266 
6.08 2.382 
7.00 2,364 
8,00  2.365 
9,00 2,382 

10.00 2.366 
11a80 2,382 
12,00 2.369 
13.00 2,369 
14,09 2.384; 
15.00 2.371 
16.00 2.345 
17.00 2,305 
18.80 2.290 
19.00 2.100 
28.08 2,858 
21a00 2a02Ei 
22.00 2.058 
23000 2,136 

F 
L 
0 
W 
R 
A 
T 
E 

I I I I I I I 
l?  

I I 1 I I I 
I I I 1 I 1 I 

0.1 

i I I 1 I 1 I I 
0.01 **I 

I I I I I I I 

0,001 I i I I I I I I 
0 20 40 60 80 100 120 140 

CL.’tI:, CUMULATIUE FLOW <L> 
54. 81 1 24.08 2,111 

8 c 



c 

* .  
1 

.. . , ,  . .  .' * , . 

" >  . ULTRAFILTERED BRINE 
L I TRES 

54.81 1 
56m 905 
95m995 
61 QTEi 
6 3 m  149 
65 246 
67 363 
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E FILTRBTION TEST DATA RUN: EM-21 
. OATE:28 FEB 79 PSIG: 58 FILTER: Ba4N SS(MC/L>: a251 tlOL(L): 4 a 8  

1 a 455 1.00 1.135 
2.091 2 a O Q  0,636 
2,470 

3,108 
3.308 7,437 0.154 
3.400 7abQ 0.137 
3 n 5 Q Q  ea58 0,128 
3,600 9a45 0,115 
3.700 10.40 0.105 
3,800 11m50 8,091 
3 * 9 B B  12.67 8,085 
4,800 13a92 0,880 
4,100 15a42 - 8,067 
4,380 lea70 0,061 
4,488 20a78 0,058 
4,500 22,77 0,848 
4,688 25.17 0.042 

2,740 

4,700 27'42 0,044 
4,785 30.00 0,033 

F 
L 
0 
W 
R 
A 
T 
E 

c 

10 

1 i :- 
1 1 1 

1 1 1 1 

0 ;  1 
1 

1 
1 

1 
fl 1 

1 1 1 

\ 1 1 1 1 1 
@a01 i 1 

0,001 i. 
0 5 10 15 26 25 

. (L/tl) CUMULATIVE FLOW (L) 



. _ .  , 

SPR MEMBRANE 
DilTE: 27 FEB 79 P S I C t  6 

L ITRES 

be.- 3 '30 
4,462 
6.652 
8,822 

15,334 
1 7 s  510 
19.654 
21,753 
23,864 
.3= r J  , 958 
28 . 050 
3b, 156 
32, 248 
34.339 
36 437 
38.476 

42,562 

46,246 

50,675 

408514 

448 587 

428 658 

MINS 

1,00 
2s00 
3,00 

6000 

9,00 
10m00 

12,80 
13,00 
14.00 
15s00 
16.00 

18a00 
19.00 
20.00 

22.00 
23.00 
24,08 

4800 
5 o Q B  

7800 
8.00 

11.00 

17800 

zi 00 

L/M I t4 

2,230 
2.232 
2,190 
2.170 
2,167 
2.182 
2,163 
2.176 
2,144 
2,899 
2, i l l  
2,094 
2, a92 
2.106 
2.892 
2.891 
2.098 
2.039 
2 s  03% 
2.04% 
2.025 
1 . 659 
2.404 
2,025 

FILTRAT1Ot.I TEST D A T A  RUN: BM-22 
FILTER: i0.0t4 SSCMWL) :  .082 W L ( L ) :  1&& 

10 

1 :  
I 1 I 

I I 1 I I 1 
t I I I I I 

I 
I I 

F 
L 
0 

I I 

W 
R 

. k  
T 
E 

I I 

o s 1  4 1 I I 

I 
I I 
I I 

1 I I I I 
I I I I I 

I I I I 

0.01 i I I 

t I 

I 
I 

I I 

1 I 
1 

I I I I I 

0,001 I I I I I I I I 
0 20 48 58 80 100 120 140 

(L/tI> CUMULATI~JE FLOW C L )  

c c c 



. 

C 

CUL 0:lQPPM ALUM+.2 4580 

LITRES MINS U M S N  

50.675 24.08 2.825 

54.713 26.00 2.000 
52,713 25.00 2.038 

56.765 27.80 2.852 
58.886 28.00 2.041 
60.830 29.08 2.024 
62,866 30.00 2.036 
64.887 31.00 2.021 
66.916 32.08 2.029 
68.853 33.08 1.937 
78.885 34.08 1.952 
72.818 35.00 2,813 
74.77s *316.00 1.957 
76.728 37,00 1,953 
78,688 35.00 1.960 
8f2.634 39s00 1.946 
82.595. 40.00 1,961 

42.00 1.950 

90.410 44.80 1.964 
92,351 45.08 1,941 

96,232 47.08 1.934 
98,166 48.00 1.934 

41.00 1,951 

88.446 43.00 1,950 

94.298 46.08 1.94’7 

180,112 49-80 1,946 
182.048 50.00 1.928 
103,980 51s88 1.948 
105,927 52s00 1.947 
187,861 53s00 1,934 
1(39,791 54s08 1,938 



COL D:lOPPPl ALUM+,2 4580 

L I TRES 

109,391 
111,742 
113.667 
115,620 
117.589 
t19.364. 
121 rn 556 

MINS 
54.80 
55.08  
56.80 
57. a0 
58.08 
5% 00 
60 .00  

c 

L/M I t4 

1 . 930 
1.951 
1 . 925 
1.953 
1.969 
1.975 
1 992 

. 



e c 

SPR MEPERANE 
DATES8 FEB 79 PSIC: 6 

COL D:lBPPM ALUM+.2 4SQO 

LITREVS PIINS 

2.152 1.00 
4.398 2.00 
6.646 3. 00 
8.887 4.00 

11.140 5.00 
13. 780 6.00 
15.613 7.00 
17,547 8.00 
26,022 9.00 
22.210 10.80 
24,385 11.00 
26.536 12,00 

38,804 14.00 
32,923 15.80 
35,043 16.00 
37.163 17.00 
39.281 le. 00 
41.404 19.08 
43.587 20000 
45.598 21008 
47.674 22000 
49.7S0 23.00 
51.841 24,00 

v, 
h) 
w 

28,664 13080 

L / r m  ' 

2.152 
2.246 

2.253 
2.640 
1.833 
2,234 
2.175 
2. 188 
2.175 
2. 151 
2.128 
2,148 
2.119 
2. 120 
2.120 
2.118 
20 123 
2. 103 
2,091 

2.076 
2,091 

2.248 
2.241 

2.076 

F1LTRATIOt.l TEST DATA RUt.I:Btl-23 
FILTER: t0,BN SS€MC/L): <.001 WL!L>: 125 

W 
R 
A 
T 
E 

10 i 
1 

1 1 1 1 K 1 
1 

i 
1 1 

1 
1 1 

1 1 
1 
i i 1 

1 

O * l  

1 1 1 1 1 

0.01 i 1 1 
1 1 1 1 1 

0,001 
0 20 40 60 80 100 120 14.0 

C L.fM > CUMULATIVE FLOW (L) 



" . .. .. "r_ .. . . . I . .. . . . . - . ..I I ,. . . . . . .. - .-I_ . - . . . . . . . . . .- . . . ~ . ~. . . . ... .. . . .._. . - . . _ _ _  - .  . . . . . . . 

LXTRES 

51.541 
53.912 
55.981 
SS . 052 
60 ..122 
62.206 
64.278 
56 346 
68.414 

74,631 
UI 
N 
N 

76,697 
_ _  78,364 

80,843 
82.872 
84.901 
86.941 
88.971 
91.081 
93 026 
95.051 
97,091 
99 s 087 

101 n 8520 
103,074 
105,079 
187.873 
189,069 

113.0% 

e 

11 1 066 

COL OzlBPPM ALUM.c.2 4508 

MINS LJMIN 

24,80 2.891 
25.00 2.071 
26.80 2.069 
27.80 2.071 

29.00 2.084 
30.00 2.072 

32.00 2,068 
33.08 2.085 
34.00 2,866 
35.00 2,066 

28.08 2,070 

31.80 2.068 

36.88 2.066 
37.00 2.867 
38.00 2,879 
39,OQ 2.829,  
40.00 2,029 
41,00 2,840 
42.08 2.038 
43.08 2,030 
44eBB 2.025 
45.88 2.025 
46.00 2.040 
47,00 1.996 
48.00 1.993 
49.00 1,994 
58,00 2.085 
51,0@ 1,994 
52.80 1m956 
53.00 1,997 
54.00 1,998 

c 



c c 

, 

..I . . ”  

. .  

COL 0:IBFPM C1LUM+.2 4580 

L I TRES 

113,056 S4.W 1.990 
117.B58 56.00 1,991 

121.841 98.00 1.994 
123,033 59.00 1.992 
125,042 6@. 80 

. .  llS.QS9 55.00 2.803 

119.847 57.80 1.997 

VI 
h) 
W 



SPR MEMBRANE FILTRATION TEST DATA RUN:BM-24 . 
DATE: 28 FEB 79 PSIG: 6 FILTER:18.0N SS(MC/L3:<.001 UOL(.L): 67.2 

COL C: NO CHEmfCAL FEED 10 

4 

L I TRES MINS L/MIN 
1.047 0.50 2.094 
2.218 1.00 2.342 
4.561 2.00 2.343 
6.903 3.00 2.342 
98 233 4.00 2.330 

11.564 5.80 2.331 

18,000 8.55 2.353 
28.800 9.3% 2.410 

24.000 11.10 2.299 
26.000 11.96 2,326 
28.000 12.83 2.299 
36.088 15.70 2.151 
38.000 16.60 2.222 
48.080 17.48 2.273 
42.880 18.37 2.247 
46.000 28.18 2.210 
48.880 21.10 2,174 
58.080 22.03 2.151 
52.866 22.95 2.174 
54,888 23.88 2.151 
58,888 25.75 2.139 

168 000 7.70 2,299 

22.006) 10.23 2.353 

48,800 26.67 2,174 

1 

0.1 

0.01 

0.001 

1 1 1 1 1 1 

1 
. 

0 20 40 60 80 100 120 148 

C L/M .i CUMULATIVE FLOW CL> 

c c 



c 

VI 
h, 
VI 

. .  - ,  
1 . .  

, : . ,  

COL C: NO 
LITRES 
60.800 
62 000 
64 000 
66.800 
67.1?4 

CHEMICAL FEED 

24.67 2.174 
2.151 
2.151 
2.174 
2.135 

27.60 
28.53 
29.45 
38.00 

. 



SPR FILTRATION TEST DATA RUNZBM-25 
DATE: 27 FEB 79 PSIC:  50 FILTER: 0.4N SSCMWL):  .46 OOLCL3: 6 .2  

1UM PREFILTER-REINJECTION S I T E  10 J 1 
LITRES M I  NS La4 I N  

e. 889 1.00 0.589 
1.225 2.00 0.336 
1.556 3.00 0.331 
1.846 4.08 0.290 
2.109 5.80 8.263 
2.356 6.00 0.247 
2.584 7.00 0.228 
2.882 8.00 0.218 
3.007 9.88 0.205 
3.203 18100 0.196 
3.391 11.00 0.138 
3.572 12.00 0.181 
3.748 13.80 8.176 
3.919 14.80 0.171 
4.883 15.00 0.164 
4.224 16.00 8.141 
4.481 17.00 0.177 
4.553 18.88 8.152 
4.782 19.88 0.149 
4.848 28.08 8.146 
4.990 21.00 8.142 
5.138 22.00 8,148 
5.268 23.68 8,138 
5.481 24.8(3 0,133 

I I I I I 
q - 5  L i I I 

I I I I I 

F 
L 
0 
W 
H 
G 
T 
E 

0.1 

I I I I I 
' 0.01 3 I 

~~ 

I 1 I 1 
I I I 1 1 1 

8.801 I 
0 5 10 15 20 25 

CL/tl:, CUMULATIVE FLOW CL) 

4- c 



/ 
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I I 
~ ~~ 

I 

J 
I I 

I 
I 1 1 I 

1 
I 

Ln 
h, 
OD 

SFR ElEMBRANE FILTRRTION TEST DFlTA RUt4t 6M-26 
DATE: 27 FEB 79 PSIC:  6 FILTER:l000N SS(MG/L):<0081 VOL(L>: 126.3 

REINJECTION S1TE:lUM PREFXLTER 10 + I 
I I 1 1 1 1 

L I: TRES 

20 221 
4.444 
6.78% 
8.953 

1 1 0  172 
13.365 
15,586 
1?* 830 
20 030 
22.180 
24s 348 
26.510 
28.670 
38.848 
33.060 
35.278 
37.400 
39 . 520 
41 . 698 
43,840 
45 0 988 
4%. 159 
500 271 
520 485 

MINS 
1-00 
20 00 
3. 00 

6080 
7.00 
8088 
90 80 
100 00 
11.00 
12.00 
130 80 
14.00 
15. 00 
16-88 
1T088 
180 88 
19s00 
20.00 
21008 
220 00 
230 00 
24.80 

40 00 
5088 

L/tl I t4 
I 

I 
I 

I 
I 
I 

I 

I 
I 
I 

I 
I 

I 
I 1 

20 221 
20 223 

20219 
2,193 
2 s  221 
2.244 
2.200 
2.150 
2 s  168 
2. I f 0  
2.158 
2,178 
2. 220 
20 210 
20 138 
20 120 
2,178 
2,150 
2 s  140 
2 s  170 
20 121 
20 134 

F 
L 
0 
W 
R 
fi 
T 
E 

I I I I ~ -Pl - -1-- l - -  I 
I 

l *  
I I I I I I 

I I I I 1 I 1 

I I 1 I I I I 

0.1 i 
I 1 I I I I i 

1 1 

I 
I I I 

1 

0.01 

0.001 
8 28 40 60 80 100 120 140 

CLfM:, CUMULfilIVE FLOW CL) 



P 



J 

REINJECTION SITEtlUM PREFILTER 
L ITRES 

52 s 40s 
.54 s 485 
56 s 552 
58 I )  642 
60,739 
62 s 839 
64 s 902 
66,965 
69,813 
71 s 075 
73,190 
7 5 s  253 
77,3611 
79,362 
81,414 
83,448 
8 5 s  158 
87 s 553 
89,635 
91 , 697 
93, 739 
95,781 
9 7 s  849 
49.876 

181.919 
183.923 
166,026 
188,678 
118,114 
11ZS149 
114,165 

NINS 
2 4 0 0  
25sQO 
26,00 
27s00 
28s 00 
29,08 
3 0 s  00 
3lS00 
32sQO 
33,00 
34s 08 
35s00 
35.88 
37,00 
38w88 
39s 86 
48,618 
41.88 
42,06 
43s 08 
44s 88 
45,00 
46,06 
4 7 3 8  
48,80 
4 9 s  88 
36s88 
5lS08 
52.88 

* 53w88 
54w88 

LRMIN 

2,134 
2.088 
2,067 
2,090 
2 s  097 
2 s  108 
2.063 
2,063 
2 s  048 
2,862 
2.115 
2 s  863 
2 s  048 
2,861 
2 s  052 
2 s  034 
1.716 
2 s  395 
2,882 
2s 862 
2.042 
2s 842 
2,868 
2.827 
2s 043 
2,084 
2 s  185 
2, 850 
2,836 
2 s  835 
2s 816 

Y . .  
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