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1.0 ABSTRACT c*d 
The in jec t ion  of waters t ha t  a r e  not nat ive t o  a geothermal formation 
generates various physical and chemical problems. 
resu l t ing  from such inject ions is the formation of s u l f a t e  
(par t icu lar ly  CaS04, BaS04 and SrS04) a t  various locations 
in jec t ion  well through the  production w e l l  t o  t h e  surface 
geothermal operation. One of the ways t o  prevent t h i s  type of scale  formation 
is  by reducing the  s u l f a t e  concentration of the in jec t ion  waters. The present 
report  addresses the e f f e c t  of t h i s  s u l f a t e  deionization on sca le  formation a t  
various locations of the  geothermal operations. 
experimental r e s u l t s  on the CaS04 sca le  formation i n  porous media upon heating 
an in jec t ion  water with and w i t  

The findings of our work a re  il 

The maj r chemical problem 

V 

The report  a l s o  gives some 

addition of sca le  i 

ated by some examples. .V 

with geothermal resources i n  the mperial Val ley ,  California. 

There are three sources of foreign water i n  th  Imperial Valley area tha t  can 
be u t i l i z e d  f o r  in jec t ion  purposes. 
t o t a l  dissolved so l id s  (TDS) content (TDS l e s s  than 50,000 mg/l), (2) high 
concentration of 504-- ions (concentrations ranging between 350 and 8100 
mg/l), (3) intermediate concentration of Ca++ ions (concentration ranging 
between 93 and 350 mg/l) and (4)  f a i r l y  low concentrations of Ba++ and Sr++ 
ions (Ba++ concentration less than 0.1 mg/l and Sr++ concentration less than 
20 mg/l). 
reservoi rs  can r e s u l t  i n  the prec ip i ta t ion  of Cas04 and as a consequence can 
cause a serious near wellbore damage. 
water should be t rea ted  t o  reduce the 504-- ion concentration. 
simulation is used t o  calculate  the maximum S04-- concentration tha t  is  needed 
t o  prevent CaS04 formation from source waters of varying s a l i n i t y  and varying 
Ca++ ion injected i n t o  wells with varying bottomhole temperatures. The 
r e s u l t s  of t h e  simulation calculat ions are presented i n  the  report  i n  a 
tabular  form so t h a t  t h i s  information can be used f o r  various compositions of . 
i n j ec t  ion waters 

These waters are characterized by (1) low 

Ilr 

An in jec t ion  of any of t h i s e  source waters i n to  hot geothermal 

To avoid such damage, the in jec t ion  
A computer 

w 

u 
means of interpol  

near wellbore dama 

on or extrapolation of the data. 

in jec t ion  wells, the  in jec t ion  
can r e s u l t  i n  s ca l e  formation at other locations of t h  

geothermal reservoirs  wells and surface f a c i l i t i e s .  This type of s ca l e  is a . - 
d i rec t  r e s u l t  of the mixing of the in jec t ion  water and the nat ive reservoir  . 
brine. The types and amounts of scale  formed a t  the  various locations depend 
upon (1) the  chemi 1 composition of the in jec t ion  water, (2) the  chemical 
conposition of the eservoir  water, (3) mixing proportions of the two 

nd resenroir  water) f ina l ly ,  the temperatures and 

of  the imported .water - 
Y 

t various locations. A typ i  othermal operation using Salton 
br ine a s  the  'reservoir, water h a water a s  t he  in jec t ion  water and Me 

en f o r  i l ~ u s t r a t i o n .  Using i h  

. The r e s u l t s  of t h i s  simulation showed tha t  the nature b f  the s c  

CLi 

t e r s ,  the e f f e c t  of 504- ion 
n the sca l e  formation a t  various locat ions is ~ 

a t  the  sk in  of the  production w e l l  and the producing wellbore 
changes from ma 

a lso  shows tha t  the S04-- ion concentration of the Salton Sea water should be 

1y Cas04 scale t o  mainly Ba s c a 1 e . a ~  the S04-- ion 
w concentration i the  mixtures is  decreased. e r e s u l t s  of t h i s  simul 

6, reduced t o  15 mg/l vent any su l f a t e  sca le  damage t o  the 
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W production w e l l  of Mercer 2 reservoir such as MCR's South Brawley field.  

Some s ta t ic  experiments were conducted t o  determine the extent of spontaneous 
prec ip i ta t ion  of Cas04 upon heating Salton Sea water va r h u s  t ewe rat ure  
The r e s u l t s  of these tests showed tha t  the spontaneou rec ip i ta t ion  of Cas04 
from Salton Sea water takes longer than 1 hour even a t  as high a temperature 
as 200°C. 
precipitate.  Fran these tests, it is  concluded tha t  during the  inject ion of 
Salton Sea br ine  i n t o  hot wells, no Cas04 c rys t a l  par t ic les  are expected t o  
form i n  the  wellbore because of the small residence time of the  in jec t ion  
water i n  the wellbore region. However, t h i s  does not exclude the possibl i ty  
of near wellbore damage due t o  CaS04 precipi ta t ion within t h e  porous zone of 
t he  formation. 

CI 

A t  90°C, an 8 hours test did not show any evidence of Cas04 

Some flaw experiments are  conducted t o  d ermine the nature of 
Y prec ip i ta t ion  i n  t h  

To represent the  PO 
and a permeability of 100 md are used. 
Salton Sea water injected in to  the  porous cores a t  90°C. 
tests showed t h a t  Cas04 c r y s t a l l i t e s  form i n  the pores of porous media very 
rapidly even a t  90°C and cause plugging. 
occurred a t  90°C i n  the  s ta t ic  tests. The flow tests a l so  showed tha t  the 
higher the pumping ra te ,  the deeper inside the reservoir  would be the Cas04 

ea Sandstone cores having a porosity of 22% 
A l l  the  tests are  conducted using 

The r e su l t s  of these 

Y It was noted t h a t  no precipi ta t ion 

precipitation. 

The flaw tests a r e  repeated using t h k e  d i f fe ren t  inhibi tors  a t  a 
concentration of 50 %/l. 
SP-175 and Antiprex-A. The use of these inhibi tors  eliminated Cas04 
precipitation. It should be pointed out here t h a t  there a re  other  (possibly 
more e f f i c i e n t )  inh ib i tors  that  can work equally w e l l  o r  better.  
present study only t h e  above three inhibi tors  a re  used. 

V The three commercial inh ib i tors  used are SP-245, 

In  the 

0 2 . 0 CONCLUS IONS 

Based on the r e s u l t s  0 f . t  work described i n  the  body of t h  
lowing conclus 

- -  
0 

0 

locations of 

CL: 

350 m g / l  and 8100 mg/l and the Ca++ ion concentration var ies  between 
850 mg/l.. These waters contain a f a i r l y  low 4 4  
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L.l concentration of Ba++ and Sr++ ions. 

A l l  the eou 
prec ip i ta te  Cas04 i f  they a re  injected into hot geothermal reservoirs  
and can cause severe near wellbore damage even without being mixed 
wi th ' the  reservoir  waters. 

b! 
4. e waters i n  the Imperial Valley area have a tendency t o  

5. Computer modeling t o  determine ee of su l f a t e  deionization 
needed t o  prevent o r  reduce sca le  problems caused by the inject ion of 
imported waters is a valuable way 
f o r  geothermal application. 

planning an i n  t ion operation 

6. Based on ts of computer modeling, i 
prevent inject ion w e l l  damage f o r  a given Ca++ ion concentration of 
the  in jec t ion  water: the lower the TDS of the inject ion water, the  
higher must be the  degree of su l f a t e  deionization. 

Based on the  r e su l t s  of,computer modeling, it can a l s o  be said tha t  
t o  prevent inject ion w e l l  damage when a given inject ion water is 
selected. 
i n  the  f ie ld .  
temperature, the  higher must be the degree of su l f a t e  deionization. 

78 

Close at tent ion must be paid t o  a l l  pertinent temperatures 
Generally speaking, the  higher the reservoir 

8. Another unexpected r e su l t  of  t h  
' deionization of the inject ion water t o  a level  t ha t  prevents Cas04 

formation near the inject ion w e l l  wellbore region-will  actual ly  
c rea te  additional sca le  problems near the produ t ion w e l l s -  
Bas04 precipi ta t ion potent ia l  begins t o  develop a t  various locations 

e.g. skin, wellbore, surface f a c i l i t i e s )  near, the  production w e l l  
s the  SO&- ion concentration of the inject ion water is  decreased. 

study i s  tha t  the su l f a t e  

Y 
The 

%Id e complete elimination of s a te  scale  formation a t  various 
locations within 'the e n t i r e  operation would require tha t  the 
in jec t ion  water must be treated t o  essent ia l ly  remove the 504- ion 
content of the inject ion w a t e r  (e.g. to levels  less than 15 m g / l  of 
SO4-- for the spec i f ic  inject ion water and reservoir  water chosen as 

- 

ucted by heating 'the Salton 
- .  

9 ,  
potent ia l  inject ion water) to  various temperatures showed tha t  the 

ec ip i ta t ion  of Cas04 from solut ion takes more than 1 
200°C. 
lack of prec ip i ta tes  under s t a t i c  conditions 

A t  90°C, even i n  8 hours, no v i s ib l e  CaS04 has 

t he  high act ivat ion energy neede 
a water. Thus the  Cas04 c r y s t i l l i t e  

' 11. The flow experiments 
water and Berea Sand 
forms e a s i l y  i n  the porous media and thereby causes damage t o  t he -  
formation. The ease with which Cas04 forms i n  the porous s t ruc tu re  
even a t  90°C i s  a t t r ibu ted  t o  the decrease i n  act ivat ion energy f o r  
the precipi ta t ion reaction 

cores as the  porous media showed tha t  Cas04 
v -  

ue t o  thee presence of the porous 
r d -  
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8 t ruc  t u r  e. W 
Y 

12. The flow tests a l so  showed tha t  the higher the rate of inject ion,  the 
deeper in to  the  porous media would the  Cas04 precipi ta t ion occufr 

13. The use of some scale inhibi tors  (SP-245, SP-175 and Antiprex-A Were 
used i n  the  present study) i n  the inject ion water prevented Cas04 
prec ip i ta t ion  under t h e  experimental conditions described i n  
conclusions 11 and 12 (see above). 

3 

3.0 RECOMMENDATIONS 

The following recommendations are made f o r  the  planning of inject ion 
operations using imported waters fo r  geothermal applications: $W 

i 

1. Pr ior  t o  any in jec t ion  of imported water i n t o  a geothermal reselvOirr 
the chemical compatibility of the inject ion water and the  reservoir 
water should be studied'through computer modeling and laboratory 

W studies. 

2. The degree of su l fa te  deionization required for  the prevention Or 
reduction of the sca le  a t  various locations for  each geothermal 
operation should be thoroughly studied through computer modeling. 

The economics of using su l f a t e  deionization alone, or of using rcale  
inh ib i tors  alone o r  using a combination of both should be thoroUgh1Y 
studied p r io r  t o  any inject ion of imported waters. 
damage t o  the reservoir near t he  inject ion wells and within the 
production w e l l s  can be expected. 

0 

3. Y 

Otherwise, @evere 

4 .O INTRODUCTION 
w 

The in jec t ion  of waters i n t o  a geothermal reservoir  tha t  a re  not native t o  the 
geothermal formation i s  associated.with various physical and chemical 

problems re la ted  t o  such inject ion operations and lome of the ways of rolving 
the associated chemical problems are  described i n  a previous publication fl! .  
The major chemical problem associated with the inject ion of imported water 1s 
the scale formation a t  various loca 
reservoir  and w e  
any geothermal 

problems. The need f o r  such inject ion operations, the various chemical 
.. 

- -  
. 0 

. .  

s of the produc 

* 
modeling with t w o  . f i e l d  examples. i n  
preventing scale formation is throu 
ef f iciencies of various commercial 
t o  the mixing of incompatible water 
(21 . The various d i f f i c u l t i e s  of applying scale irhibitors t o  geothermlll 
s i tua t ions  involving the incompatible water mixing has a l so  been emphas i d  in 
the  previous report  [2]. 

V 
The main hurdles of applying inhibi tors  f o r  nuch W applications a re  as follows: 
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1. The high temperatures of the geothermal environment causes most of 
the  inh ib i tors  t o  perform poorly. 

The high supersaturations of the scale  forming compounds, which are 
caused by mixing of incompatible waters need extremely high 
concentrations of inhibi tors  making the operation uneconomical except 
i n  some very speci s i tuat ions.  . 

1 
# .  

2. 

W 
3. Host of the  geothe a1  brines contai t i a l  amounts of 

dissolved iron. 
tes ted  inhibitors.  

This presence of i ron causes the f a i lu re  of a l l  the 

Alternate preventive methods of solving the problem of scale has a lso been 
suggested i n  the previous report  (11. Tw They 

1. Renoving su l f a t e  ions from the i n j  level  which 
eliminates the  potent ia l  f o r  su l f a t e  precipi ta t ions,  

Inject ion of chemically'compatible waters p r io r  t o  inject ion 
chemically incompatible waters. 
reservoir  (thus reducing the  potent ia l  fo r  Cas04 precipi ta t ion)  but 
w i l l  a l so  cause a d i lu t ion  of the chemically incompatible waters, 
thus reducing the poten t ia l  fo r  the formation of other scales  (Bas04 
and SrS04). 

2. 
This "prepad" may not only cool the  Y 

I 

rst method of solving these sca le  problems ra i ses  two questions: V 

1. 

2. 

To what l eve l  should one reduce the su l f a t e  ion concentration? 

Which method i s  b e t t e r  and more economical: 
inh ib i tors  o r  through removal of su l f a t e  ions? 

through use of 

The present report addresses the cr: 



6.0 BFFECT OF SULFATE DEIONIZATION ON SCALE FORMATIO~ 
- - hJ, 

U 

I f  the  detrimental  S04-- ions content could be removed from the imported 
in jec t ion  water p r i o r  t o  i ts  in jec t ion  in to  geothermal reservoir ,  no ser ious 
problems would e x i s t  i n  the f i e l d  as f a r  as the su l f a t e  scale.formation is 
concerned. Of course, the sca le  problems tha t  x i s t  during normal geothermal 
production (scales  such as s i l i c a ,  carbonates, su l f ide  
and they have to  be t reated using en t i re ly  d i f fe ren t  procedures. 
now arises: To'what leve l  should the  s u l f a t e  concentration be reduced t o  
prevent or reduce t h e  s f a t e  s c a l e  formation? To answer t h i s  question, some 
computational simu la t io  f geothermal operations involving various source 
waters has been made. s sect ion describes t h e  r e su l t s  of t h i s  simulation. 
This simulation i s  i l l u s t r a t e d  by using an example from the Imperial Vaalley, 
California. 
operation. 

Y e tc- , )  s t i l l  exist 
The question 

Y 
. 

Obviously, similar simulatin can be performed f o r  any in jec t ion  

6.1 SOURCE WATERS FOR INJECTION -- I N  THE 
IMPERIAL V A L L E ~ E A  - 

W 

U 

The source waters avai lable  f o r  inject ion purposes within the  Imperial Valley 
contain various ion ic  species a t  various concentrations. For example, within 
reach of t he  Imperial Valley Geothermal region, there  are three most obvious 
major sources of  water tha t  could be used f o r  in jec t ion  purposes. Table 1 
shows the  compositions of the three  inject ion waters that  can be u t i l i zed  as 
possible in jec t ion  waters f o r  geothermal operations i n  the lmperial  Valley. 
From these analyses the following observations can be made on the source 
waters i n  t h e  Imperial Valley area: 

1. The source ers contain f a i r l y  low amounts of t o t a l  dissolved 
so l ids  (.maximum of less than 50,O 

. The equivalent N a C l  molar (based on C1- ion concentration 0 
source waters range from 0 t o  about 0. 

The source waters contain high concentrations of SO4-- ions which 

ange between 3SO and 8100 

. 
n t i a l  formation of su l f a t e  scales.  

- 

- 

ions which is  a beneficial  cha rac t e r i s t i c  as 
sca l e  formation 

Based on the  
source waters, it can be seeu t h a t  there is a large PO 
p rec ip i ta t ion  i f  any of  these waters is injected in to  hot  geothermal w e  
This s ca l e  can cause a severe near wellbore damages. I n  t h i s  present sect ion 
of the  repor t ,  some computer calculations are presented t o  give da ta  t h a t  can 

W 

U 
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be used i n  evaluating the in jec t ion  of any imported waters in to  geothermal 
w e l l s  of the Imperial Valley. I 

CI 
6.2 EFFECT OF SULFATE ION CONCENTRATION ON Cas04 

PRECIPIKTION IN ~~TINJECTION WELLS- - -- 
of the  avai lable  source waters cont h the Ca++ 'and SO4- ions. The 

concentration of these two ionic species in ' t hese  waters are  such tha t  they 
are generally saturated or under saturated (or  s l i gh t ly  supersaturated i n  some 
cases) with respect t o  Cas04 a t  ambient temperature (2OOC). 
t he  reverse so lub i l i t y  of calcium sul fa te  i n  aqueous media, these source 
waters have a tendency t o  prec ip i ta te  (CaS04) as the inject ion water is  
heated. 
water contains Sr++ ions and has low t o t a l  dissolved so l id s  content. This 
could cause plugging of the pores of the  reservoir  near the inject ion wellbore 
surface (skin formation i n  the inject ion wells). 

The amount of Cas04 prec ip i ta te  t h a t  can form i n  source water i s  a function of 
(1) the Ca++ and SO4-- ion content and the s a l i n i t y  of the inject ion water and 
(2) t he  temperature and pressure a t  t he  inject ion wellbore. - 33 give some values of the Cas04 precipi ta t ion a s  the inject ion wate; i s  
heated from 2OoC t o  30OoCm 
tab les  cover the  range of parameters found i n  the available source waters of 
the Imperial Valley geothermal' region. 

w 
However, due t o  

SrSO4 a l so  can prec ip i ta te  a t  high temperatures i f  the inject ion 

Tables 2 through 
U 

The range of parameters chosen i n  generating these 

W 

1 

Tables 2 throu h 6 give the Cas04 precipi ta t ion as the  source water ( NaCl 
molarity: --+ 0.42 Tontaining various concentrations Ca++ and 504- ions. i s  
heated.- For example, Salton Sea br ine has a NaCl molarity of approximately 
0.42. 
concentration of 8 5 0 x & d  a Sa-- ion concentrations of 8100 mg/l.  
Tables -_A 2 and 3 can be used (through interpolation) t o  determine the 
approximate degree of su l f a t e  deionization needed t o  m i n i m i d t h e  injection 
wellbore damage i f  the appropriate temperature p ro f i l e  of the  in jec t ion  w e l l  
is known. 
in jec t ion  of Salton Sea brine, the su l f a t e  ion concentration should be reduced 
t o  256 m g / l  or less i n  order t o  completely eliminate the potent ia l  fo r  Cas04 
precipi ta t ions.  Thus these ' tables (Tables 2 through 33) can be used as a 
guideline i n  determiaing the approximate level  t o  w h i z  a given inject ion 
water should be t reated t o  remove S04-- ions for  a prevention of inject ion 

A s  seen from Table 1, Salton Sea brine contains a Ca++ ion 
Thus 

Y 
For example, i f  the reservoir temperature is  200°C f o r  the 

._ 

- 
- -  

w 

u 
, water: the  ,lower 

ct ion w e l l  damage. 

V of the inject ion w e l l ,  the  higher should be the degree of su l f a t e  
deionization. However, a t  temperatures higher"than about 15OoC, the 

L J  effect of temnerature becames less siQnif iennt,' 
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6.3 EFFECT OF SULFATE I O N  CONCENTRATION OF 
I N J E C T I ~  WATERNP~ECIPITATION AT VAELIOUS 

, LOCATIONS -- OFAXmOfERATION 

W A s  shown i n  the  previous section, decreasing the s u l f a t e  concentration of the 
in jec t ion  water t o  a l e v e l  t ha t  prevents CaS04 sca le  formation ( a t  the 
temperatures encountered a t  the bottom of the inject ion wel l )  can eliminate 
the  near wellbore damage of the in jec t ion  1. However, t h i s  c rea tes  some 
problems near the  production w e l l .  

There are an i n f i n i t e  number of water compositions 
waters) and many combinations of temperatures and pressures within the  e n t i r e  

It is not possible t o  cover these various p o s s i b i l i t i e s  
and combinations i n  t h i s  report. 
water is used as an example t o  i l l u s t r a t e  what one would expect from the point 
of  view of s ca l e  formation when t h e  s u l f a t e  ion concentration of the in jec t ion  
water is changed. -=gives the chemical compositions of the brines and 
Table 35 gives the  chosen conditions. The conditions chosen here  a re  the same 

the  previous report  on chemical compatibility problems 111. 

- .  

reservoir  and in jec t ion  

. geothermal industry. 
The combination of Salton Sea ahd Mercer 2 

V -- 
61 give t h e  amount: of t h e  s u l f a t e  precipi ta t ions expected 

operation when the S04-- ion concentration of the in jec t ion  water is varied. 

As mentioned i n  the  previous section, the  inject ion of Salton Sea water in to  
an in jec t ion  w e l l  having a bottanhole temperature of 2OOOC would require  t h a t  
the  SO4-- ion concentration should be reduced t o  256 mg/1 o r  l e s s  to  avoid any 
damage t o  the  in jec t ion  well. 

It becomes in t e re s t ing  t o  look a t  the consequence of the reduction i n  SO4-- 
ion concentration on the  sca l e  formation a t  other  locat ions of the geothermal 
operation. Fr comparieon of 

(see -- Table 35) of a typ ica l  geothermal power plant 

V 

WrJ 

36 and 46 the following observations --- 
04- ion concentration from 8192 mg/l t o  256-mg/l 

care formed i - -  V he reservoir  co 

on concentration from 8192 mg/l t o  256 mg/l ~ 

d the  Cas04 sk in  of t he  production w e l l s  I) t h e  
duction of S04- concentration s t a r t ed  t o  create a 

and SrS04 skins a t  the production well. 
BaS04 skin formation a t  the  production well continues t o  i n  
u n t i l  the  S04- concentration of the  in jec t ion  water is  reduced t o  15 '  

Y 

. 

Cas04 precipitation at the wellhead of the 
I 

p r o d u c t i q  well. 
BaS04 prec ip i ta t ion  a t  the same wellhead. 
the  wellhead of the production well  pe r s i s t s  u n t i l  the  S04-- ion 
concentration i n  the inject ion water is reduced t o  8 mg/l. 

On the  other hand, such reduction created a ser ious 
The .Bas04 prec ip i ta t ion  at 

v 

W ' .  

w 
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Similar comparisons of the change i n  the sca le  forming tendency a t  other 
locations within t h e ' f i e l d  can be made by comparing Tables 37 and 47. I n  
general, the  Bas04 scal ing tendency s t a r t s  t o  develope when the SO4-- ion 
concentration is being reduced from 8192 mg/l t o  256 mg/l. The Bas04 sca l e  
forming tendency continues t o  e x i s t  a t  the br ine discharge system even when 
the SO4-- concentration of the in jec t ion  water is reduced t o  1 mg/l. 

The r e s u l t s  of the  simulation of the BaS04, SrS04 and Cas04 precipi ta t ions a t  
various locations of a geothermal f i e l d  as the  SO4- ion concentration of the 
in jec t ion  water is  changed may be summarized as follows: 

W 
3 

U 

1. As the  SO4-- ion concentration is decreased, the amounts of 
prec ip i ta t ion  of a l l  the three  compounds are decreased i n  the 
reservoir.  

Y 

2. As the  SO4-- ion concentration is reasing, t h e  mount and type of 
sca le  formed a t  the  proqlucer skin is  changing. 
concentration is  decreased, the Cas04 skin decreased. On t he  
otherhand, a decrease i n  504-- ion concentration increased the  Bas04 
and SrS04 sca le  i n  the  same location. 

As t h e  SO4-- ion  concentration i s  decreasing, the amount and type of 
sca le  formed a t  the produceq wellhead is  changing. 
Cas04 sca le  is  decreasing a s  the S04-- ion concentration i n  the 
in jec t ion  water is decreasing. On the other hand, the  Bas04 sca le  i s  
increasing with t h i s  decreasing SO4-- ion concentration. 

A t  t h e  surface f a c i l i t i e s ,  the s i t ua t ion  is s imi la r  t o  tha t  a t  the 
wellhead. A s  the  S04-- ion concentration of the inject ion water is 
decreased, the amount of CaS04 sca le  decreased and the amount of 
Bas04 increased. 

In  general ,  the S04-- ion concentra on of the in jec t ion  water has t o  
be reduced to a f a i r l y  low value (on the order of 15 mgfl f o r  the 
Salton Sea /Mercer 2 water cambinations) t o  preven 
formation .at various locations. - 

As the SO4- ion 

v 

3. 
The amount of 

Y 
, 

48 

U 

58 

PPlY temperature and press - -  
Y 

conditions chosen fo r  the  te 
combiaation. 

given in jec t ion '  /reservoir water 
Any d i f f e ren t  set of conditions and waters should be s b u l a t  

c3 

7.0 EXPERIMENTAL STUDIES ON SCALE FOWTION I N  

i n t o  hot.geotherma1 wells and the various methods of solving the sca le  
problems have been discussed previously. 
equilibrium thermodynamic concepts were u t i l i zed .  
s c a l e  is a complex problem involving not only the thermodynamic i n s t a b i l i t y  of 

In a l l  these discussions, only Y 
However, t he  formation of u 
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t he  sca le  forming canpounds i n  aqueous media, but a lso involve the complex 
e f f ec t s  of k ine t ics  and hydrodynamics e f f ec t s  on precipitation. 
play a very important role on the scale  formation i n  €he porous media which 
can cause formation damage. 
hydrodynamic e f f e c t s  on scale formation i s  not advanced enough t o  apply it  
mathematically to  any given situation. 

experimental s tudies  re la ted the the Cas04  scale formation i n  porous core 
plugs are presented i n  the  following sections. 

7.1 Cas04 SCALE FORMATION I N  POROUS HEDI 

These factors  cs 
Y 

However, the  knowledge of the k ine t ic  and 

Therefore, no attempt i s  made i n  the 
. present report t o  quantify these effects.  .Instead, the r e su l t s  of some 

V 

-7 --- 
One of the serious problems associated with inject ion the available source 
waters i n to  geothermal wells is the  near wellbore damage caused by CaS04 
precipitation. 
source water can determine i f  a given source water has a potent ia l  fo r  C a s 0 4  
prec ip i ta t ion  when it is heated t o  the temperatures encountered i n  the 
inject ion w e l l s .  .Now, one would l i ke  t o  know the  answers t o  the  following 

4 s  mentioned i n  sect ion 6.0 , a thermodynamic analysis of the 

Y 1. Does C a s 0 4  ac tua l ly  prec ip i ta te  i n  the  inject ion wells? 

2. Where does C a s 0 4  prec i t a t e :  i n  the wellbore or i n  the  porous 

I 

3. Does the  location of Cas04 precipi ta t ion depend upon the inject ion 
V rate? 

, 
4 .  Can C a s 0 4  prec ip i ta t ion  be prevented using scale  inhibi tors?  

Some laboratory experiments were conducted using synthetic Salton Sea water 
in jec t ion  i n t o  Berea sandst these quest ions. 

w 
7.1.1 BACKGROUND INFORMATION AND SmE PRELIMINARY STUDIES 

' ON. cas04 PRECIPITATION - - -- 
- The Salton Sea br ine has a l o w  value of supersaturation (So=l.S) 

to Cas04  at  20'C. 

experiments on the  spontaneous c rys ta l l iza t ion  of CaS04 f r o  
varying 'degree of supersaturation, varying b tween 2 and 2. 
lowest supersaturation (S0=2), he found- t h a t  ins ign i f icant l  
Cas04  c rys t a l s  -. 
supersaturation e rate of c rys ta l l iza t ion  is higher. On t 

rs' Nancollas and h -workers [4-71 conducted a series of tests 
s u l f a t e  c rys t a l  olutions. They found t h a t  the rate of 
growth of calcium su 
i n  the  system suggesting t 
controlled.but depends upon the  r a t e  of surface reactions. 
seeded c e s t a l s  apparently offer heterogeneous nucleation sites causing a more 
rap id  crys  t a1 1 i t a  t i o  
reported by Loomis e 
observed e f f ec t s  during heterogeneous precipitations.  

This low supersaturation i s  not high enough t o  be tl driving 
Y force f o r  causing a spontaneous cry6 ta l l iza t ion .  Schierholtz [3] conducted 

utions of 
n case of the . 
11 amounts of 

d a f t e r  many hours (grea er than 10 hours). A t  higher 

y s t a l s  is independent of the f lu id  dynamics 
rate of c rys t a l l i za t ion  is not diffusion 

The pxesence of 

V even a t  low supersaturations. Similar experiments were 
a1  181 and Kinzhalov et a1 19'1 to.account f o r  t he  

W 

Y 
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The information given above on the nature of the Cas04 crys ta l l iza t ion  of fe rs  
some basic understanding t o  answer the question: 
prec ip i ta te  i n  the  inject ion w e l l s l " S 6 4  gives the CaS04 supersaturation 
of Salton Sea water a t  various temperatures. 

. 

t ha t  an increase i n  temperature of the Salton Sea brine increases the 
poten t ia l  f o r  Cas04 precipitation. 
higher driving force f o r  i t s  precipitation. 
s t a t i c  tests conducted i n  our  laboratory. 
br ine was heated t o  9O"C, 150°C and 200°C i n  glass  bombs f o r  8 hours. 
evidence of CaS04 precipi ta t ion is observed a t  90°C even a f t e r  8 hours. 
the  other  hand, Cas04 precipated i n  less than 1 hour a t  200OC. 
took longer than 3 hours f o r  the  occurrence of CaS04. 
indicated tha t  during the inject ion of Salton Sea brine, probably no 
spontaneous Cas04 crys ta l l iza t ion  would occur i n  the wellbore. However, t h i s  
does not eliminate the near wellbore damage due t o  the CaS04 precipi ta t ion 
within the porous zone of the formation. 
i t s e l f  may have a pronounced e f f ec t  on the Cas04 precipitation. Therefore 
some experiments were conducted t o  determine i f  such precipi ta t ion occurs in  
the porous media. 
see t ion. 

"Does Cas04 ac tua l ly  'Lr" 
Y 

From t h i s  tab le  it can be seen 

Also, higher supersaturation generates a 
This has been confirmed by some 

U For these s t a t i c  tests, Salton Sea 
No 

On 
A t  150°C, it 

'Ihese tests c lear ly  

cy 

The porous matrix and material  

The r e su l t s ' o f  these experiments a re  described i n  the next 
'br' 

7.1.2 EXPERIMENTAL STUDIES ON CaS04 PRECIPITATION 
IN BEREA SANDSTONE COES- -- - 

The damage t o  the  the inject ion w e l l  due t o  Cas04 precipi ta t ion from the 
source water could be caused by two mechanisms. 
described as follows : 

These two mechanisms may be I b r .  

1. Fine pa r t i c l e s  or c r y s t a l l i t e s  of Cas04 can form i n  the wellbore of 
the  in jec t ion  wells and then generate suspended pa r t i c l e s  i n  the 
inject ion water. These suspended pa r t i c l e s  may plug the pores of the 
f onnati on . 
Cas04 c r y s t a l l i t e s  can form on the surface of the porous channels of 

v 
2. 

. the  formition and eventually plug the formation. 

The damage caused by the suspended par t ic les  i s  f u l l y  discussed ia a separate 
report  [ 101 a Experiments e*damage caused by the second mechanism 

. are  discussed i n  t h i s  s ec t io  0 

Th formation i n  rous media were 
conducted using the  apparatus shown i n  Figure 1. To represent the poro 
media, Berea sindstone cores .  (1.0' inch diamete? and 1.0 inch i n  length) 
used. 
the experiments are 22% and 100 md, repectively. 

wrs 
The average porosity and permeability of the core s 

he flow experiments, the core sample 2s t i ed  t o  two metal plugs 
of a core holder, f i r s t  with a tef lon tape and then with a tef lon shrink tube 
sleeve. 
separate  report  (101. The assembled core holder with the core is immersed in  
a constant temperature bath which is set at 90°C. 

A complete description of the core holder design is given i n . a  V 

LJ The annulus of the core 
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’u hold& assembly i s  f i l l e d  with water and pressurized t o  1000 p s i  simulating 
the  overburden pressure. 
water using reservoir  1 and the metering pump. 

The reservoir  2 is f i l l e d  with f i l t e r e d  synthet ic  Salton Sea brine (see Table - 1 f o r  the  chemical analysis). This f i l t e red .Sa l ton  Sea br ine is  pumped in to  
t h e  core sample a t  0.1 m l / m i n  and the effluknt is collected using the sample 

monitored using the pressure transducer. When ressure buildup a t  the 
input reaches about 400 p s i  or larger, the expe 
core i s  washed by pumping 5 pore volumes of deionized water through the core 
t o  displace a l l  t h e  Salton Sea water. 
assembly and immediately d r i  1 it transversely 
i n  the  middle and was examin 
locate  the  Cas04 precipi ta te .  

The above experiment is repe 
m l / m h ,  0.4 ml/min and 5 ml/min)b 
Salton Sea water with three  scale  inhibi tors  added t o  it. The three 

used a t  a concentration of 50 mg/l. 

The core sample is then saturated with deionized Y 

Y collector.  The pressure a t  the  input s ide  of t h  re sample is constantly 

t is  discontinued. The 

Then the core is removed f ran  the 
e dried core s a p 1  w 

three additional 
Some of the’experiments were repeated using 

’ inh ib i tors  used were SP-245, SP-175 Antiprex A. These inhibi tors  were v 

7.1.2.2 RESULTS OF FLOW EXPERIMENTS -- 
Table 65 shows a summary of 
’Salton Sea br ine (with and without inh ib i tor  additions) in to  Berea Sandstone 

f experiments on the  in jec t ion  of -- 4u 

I t 90°C. 
f fe ren t  flow rates of the inject ion brine are used. 

For the  experiments conducted without any inhibi tor  addition, 
The flow ra t e s  

‘used are 0.1, 0.15, 0.4 and 5 ml/min. -- Table 65 shows tha t  a substant ia l  
pressure buildup has occurred f o r  cases with low flow rates. 
0.1 ml/min, a pressure buildup of 480 p s i  has occurred i n  120 hours. 
corresponds t o  an inject ion of 720 m l  of t he  brine, which corresponds t o  
approximately 180 pore volumes i n  the core. ’ Similarly a t  an in jec t ion  rate of 

For example, a t  
This 

Y 

’ 0.15 ml/min, a pressure bu i l  

§andstone cores is a t t r ibu ted  t o  the  precipi ta t ion of 
and subsequent blockage of porous paths. This is con 
of the cores using Scanning Electron Microscope (SEMI 
haw the SEH photographs of the surface of the core I 
sed with 0.1 m l / m k  inject ion r a t e )  which is 
hows the surface near t h e  inject ion end and 
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(i.e., core used with 0.1 ml/min inject ion rate). 
inject ion end and Figure 24 shows the e x i t  end of t h e  core. 
through 15, which cover tE f i r s t  half  of the core (from the inject ion e=>, 
no evidence of Cas04 c r y s t a l l i t e s  occurred. 
through 24 show evidence of Cas04 crys ta l l i t es .  
pressure buildup occurred i n  the flow tests using core No. 3, 
No. 4 (flow rate of 5 ml/min) did not show any Cas04 c r y s t a l l i t e s  and 
correspondingly no pressure buildup occurred. 

The flow experiments (with an inject ion r a t e  of 0.1 ml/min) conducted 
three spec i f ic  inh ib i tors  (SP-175, SP-245 and ANT-A) showed tha t  no Cas04 
c rys t a l l i za t ion  occurred (see -- Table 6 5 ) .  
prevented the formation of Cas04 c rys t a l l i t e s  i n  the porous media. 
there  may be other po ten t ia l  inhibi tors  (not tes ted here) t ha t  might work 
equally w e l l  against  Cas04 prec 
poten t ia l  scale  inhibitors).  

The r e su l t s  of the s t a t i c  experiments us ing ' sa l to  
7.1.1) and the  flow tests described above seem t o  contradict  each other. 
spontaneous prec ip i ta t ion  of Cas04 from Saltoa Sea brine a t  90°C seemed 
impossible. 
occurred. 
Salton Sea br ine i s  possible i n  a r e l a t ive ly  short  time i n  porous media under 
flowing conditions. 
ra t ional ized qua l i ta t ive ly  using the principles of nucleation. 
prec ip i ta t ion  of Cas04 from solution a t  90°C would require a high act ivat ion 
energy to  cause homogeneouss nucleation. 
(So=3.5) is  apparently not 'enough of a driving force t o  overcome t h i s  
act ivat ion energy. On the other  hand, the porous surface seemed t o  have 
offered nucleation sites t o  cause heterogeneous nucleation. 
these nucleation si tes would require  a lower act ivat ion energy fo r  the  
nucleation than tha t  f o r  spontaneous nucleation. Apparently, the driving 

. force supplied by the  supersaturation (S0~3.5) is  adequate f o r  t he  
heterogeneous nucleation. 
of Cas04 i n  the in jec t ion  water can create  a danger f o r  damage t o  the porous 

Figure 10 shows the 
I n  Figures 10 

On the other hand, Figures 16 

id 
U 

Only, a small amount of 
Similarly core 

I n  other words, these inh ib i tors  
Of course, 

i t a t i o n  (see reference (21 f o r  other U 

(see Section 
The 

Even a f t e r  8 hours a t  90°C, no evidence of Cas04 prec ip i ta t ion  W 

On the  other hand, the flaw tes t  show tha t  Cas04 precipi ta t ion from 

This apparently contradicting observation can be 
The 

The low supersaturation of Cas04 Y 

The-presence of 

0 

Thus, it i s  evident t ha t  even a l ow supersatu 

ormation. Se  
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ABLE 2 ------- 
Y 

Cas04 PRECIPITATION ffi ER IS HEATUI 

EQIJIUclL~T- NaC1 WItllRITY = 0.42 
Y :.. 
f 
1 PRECIPITATE trsll) AT SO4- MINC (m$/l) OF 

TEHP 
(oC) 8192 4096 2048 1024 512' 256 128 64 32 16 8 4 2 1 

W 

M 394.7 0.0 0.0 0.0 010 oto 0.0 010 0.0 oto 0.0 0.0 0.0 0.0 
30 734.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 010 0.0 
40 1057t1 0.0 0.0 010 0.0 0.0 0.0 010 0.0 010 0.0 0.0 010 OtO 

W 136313 0.0 0.0 0.0 0.0 8.0 0.0 0.0 OtO 0.0 0.0 0.0 0.0 OtO 

60 1669t3 245.2 0.0 0.0 0.0 0. ,o 0.0 010 0.0 oto 

1 80 2216~3 i o o a ~  0.0 0.0 0.0 0.0 to 0.0 010 0.0 oto 010 010 010 
90 2455.0 136814 118tO 0.0 0.0 0.0 to 0.0 0.0 0.0 0.0 0.0 0.0 010 

100 2672.4 1717.7 493.1 0.0 0.0 0.0 

130 2930.6 217149 993.6 63.0 0.0 0. 

0.0 0.0 0.0 
200 3339.2 306199 2084.6 993.0 360.5 324 
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TABLE 3 ------- 
W 

CaS04 PRECIPITATION AS THE I CTION LfATER IS HEATED 

EQUIVALENT NaCl HRLARITY = Ot42 

MOUNT OF cas04 PRECIPITATE bY1) RT So 
T W  
(oC) 8192 4096 2048 1024 512 256 ’ ‘128. 64 . 32 16 8 4 2 1 

20 oto oto OtO 5*0 OtO OtO OtO OtO OtO O t O  OtO O t O  O t O  W 

30 O t O  O t O  O t O  O t O  Q t O  O t O  O t O  O t O  O t O  O t O  O t O  O t O  O t O  0 4 0  
40 oto oto oto oto oto oto 010 oto oto oto oto 010 010 oto 
50 oto oto oto oto 010 oto oto 010 oto 010 oto 010 oto oto 

oto oto oto oto oto oto oto oto  oto oto oto 0.0 o*o 
’70 363t9 OtO OeO O t O  O t O  OtO _ ‘ O t O  OtO O t O  OtO OtO O t O  O t O  O t O  
80 599t4 OtO OtO OtO O t O  O t O  OtO O t O ’  OtO O t O  OtO O t O  O t O  O t O  w 

120 1174t3 M6tl oto oto oto oto oto oto oto oto oto oto Ot0 
130 1247th 735t3 oto . 0t.o oto oto oto oto oto oto oto oto  010 
140 131517 858t6 4*8 OtO OtO OtO OtO O t O  010 to O t O  o*o  
150 1378t5 975t8 31512 OtO OtO OtO O t O  OtO O t O  4 0  - 010 O t O  
160 1436t5 1087t4 473t9 5tO 0.0 O t O  O t O  O t O  O t O  
170 1489t4 1192t1 429t7 1tO O t O  . OtO . O * O  O t O  010 
180 1 5 3 7 e O  1289t3 782tO 163t6 to o*o oto 
190 1579t6 1378t5- 930t5 to o*o oto 
200 1616t9 145942 1074t5 ;o o*o oto 

V 

210 1649t2 1530t7 1212t9 to oto oto  oto ot 

to oto oto o t  

to oto oto 

t7 7469 30.0 to 0,O Q * Q  
t4 2t3 1t4 *3 9 0 4  I 45t3 

*3 90*6 45t3 *6 2t8 1t4 
t3 Pot6 45t3 
63 904 4543 

? t w ’  

w 
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U 
20 0,o 010 0.0 4.0 0.0 0.0 0.0 0.0 0.0 o*o 0.0 0.0 0.0 
30 0.0 0.0 o*o o*o o*o 0.0 0.0 o*o 0.0 0.0 0.0 0.0 0.0 
40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
50 0*0 0.0 0.0 0.0 0.0 0.0 0.0 010 0.0 0.0 0.0 010 0.0 0 9 0  

60 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
70 o*o o*o o*o 0.0 0.0 0.0 0.0 0.0 v.0 0.0 090 0.0 0.0 0.0 
a0 0.0 0.0 0.0 0.0 0.0 0.0 o*o 0.0 0.0 o*o 0.0 0.0 0.0 o*o 

I 90 o*o 0.0 o*o 010 0.0 0.0 *o 0.0 0.0 0.0 0.0 o*o 0.0 
100 o*o o*o 0.0 0.0 OtO b o  9 0  0.0 0.0 0.0 O*O 0.0 0.0 
110 0.0 0.0 0.0 o*o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
120 0.0 0.0 0.0 O b 0  0.0 4.0 0.0 0.0 0.0 o*o 0.0 0.0 Ob0 O*O 
130 0.0 O t O  0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
140 090' 0.0 0.0 o*o 0.0 0.0 0.0 0.0 o*o 0.0 0.0 0.0 0.0 
150 0.0 060 0.0 0.0 0.0 0.0 0.0 0.0 o*o o*o o*o o*o o*o O*O .o 0.0 0.0 0.0 0.0 

'r' 

w 

217.3 21793 
A00 . 217.3 217+3 

W 

- 





TABLE 8 ------- 

Cas04 PRECIPITATION As M INJECTION MATER IS HEATED 

EQUIVALENT Na 
C r n T R A T I O N  

AHOUNT W bSO4 PRECIPITEITE frs/l) AT 504- WC (rsl/l) W 
TMP 
laC) El92 4096 2048 1024 512 2% 128 64 32 16 8 4 2 

20 o*o o*o o*o 
30 o*o o*o OIO 

40 7 7 0 6  O e O  010 
50 28582 O t O  OtO 
60 490e5 O*O 010 

J 70 68119 010 010 
EO 852*4 7510 010 

, 90 1008e4 326eO 010 
100 1150*0 56411 010 
110 1221*3 68816 O*O 

o*o OIO o*o o*o 010 o*o o*o o*o o*o o*o 
o*o O t O  OIO o*o OIO o*o o*o o*o o*o o*o 
o*o o*o OIO o*o o*o o*o 0.0 o*o o*o o*o 
o*o o*o OIO 0,o o*o o*o o*o o*o o*o o*o 
o*o o*o d*o o*o OIO o*o o*o o*o OIO oto 
o*o OIO ow0 OtO o*o o*o o*o o*o o*o o*o 
o*o OIO 010 oto o*o OIO o*o o*o o*o O I O  

o*o o*o o*o 010 o*o o*o OIO OIO OIO 0.0 
o*o OIO 0.0 o*o o*o 010 oto oto O * O  o*o 
o*o o*o OIO o*o . o*o o*o o*o o*o o*o o*o 

J 

/ 

1 

o*o 
010 
OIO 

0*0 
OIO 

o*o 
o to  
0.0 
o*o 
OIO 

I Y.Y V I V  1VUltV 17164 4011 V * V  . V t V  V * V  V * V  V * V  v*v ~ V * V  W 
200 1648.3 15281 1208e5 636d 157J 010 *o o*o o*o O*O - r .  

210 1673*7 1586*0 1329t6 .?BO62 283*7 o*o o*o 010- 

230 1711~7 1674e5 1544e1 1061*2 51016 0 4  o*o 010 
240 172464 1704d 163011 1196e6 604eO o*o o*o o*o 

0 1694a8 1434+8 1442S 922eO 402*3 010 0 4  o*o - 

W 0 1 m t 0  1725*5 94*3 1323e8 67519 
0 173716 1736a4 31*7 1425~6 717.6 

270 1 7 3 8 e 1  1737e7 ?36*l 144186 72287 360e7 
1738*1 1737*7 1736*1 14414 722e7 360*7 e 8  4*1 1.3 OtO 
1738.1 1737*7 1736*1 1441a I8 4*1 l e 3  O t O  

300 173811 173767 173611 1441* 17916 89*1 4318 21rl 918 4*1 1*3 O*O 
r' 

; w  

J 
1 

I 



, . .  ' ....'.. , 

20 oto oto O b 0  oto ot oto b o  oto oto oto oto 010 oto 
30 Ob0 oto 010 oto oto oto oto oto oto o*o oto oto 
40 oto oto o*o oto oto oto oto oto oto oto oto oto oto o*o 
50 o*o 010 oto oto oto o*o * 010 OtO oto oto 010 0.0 oto oto 
60 oto oto 0.0 O b 0  oto oto 0.0 010 oto o*o oto oto oto oto 
10 oto Ob0 oto oto oto oto oto oto oto oto o*o o*o oto 010 
80 274  O t O  010 #to Q t O  O t O  OtO 010 010 O t O  O t O  O t O  O t O  O t O  
90 180t7 010 O*O OtO O t O  010 O t O  010 OtO .OtO 010 O t O  O t O  O t O  

100 318~9 OtO O t O  010 OtO OtO O t O  O t O  O t O  OtO OtO O t O  O t O  O t O  
110 38St8 to oto oto oto 0 4  oto oto oto O t O  0.0 O t O  O t O  O t O  

f 

120 447.1 
w r m  Z ~ A A  i c i 7  n n  n n  n n  n n  n n  n n  n n  n n  n n  n n  n n  n n  

+8 1tO OtO 

3t8 1+0 010 
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91 

TABLE 11 . 
c------- 

w 

cas04 PRECIPITATION ffi THE 

EQUIvAtENT Hac1 HOMR XTY = 0128 - 

RnOUHT OF Cas04 PRECIPITATE (tsl/l) AT 94- CONC tWl) OF 
MIP 
(d) 8192 4096 2048 1024 5121 256 128 64 32 16 8 4 2 1 

W 
20 O b 0  O b 0  O I O  O b 0  O b 0  O b 0  O b 0  oto O b 0  O b 0  O b 0  0.0 O b 0  O b 0  
30 O b 0  O b 0  oto oto 0,o O b 0  0.0 O b 0  0.0 O I O  O b 0  ' O b 0  oto O b 0  
40 9 b O  O b 0  O b 0  O b 0  O b 0  0.0 O b 0  0.0 O b 0  O b 0  O b 0  O b 0  O b 0  O b 0  

50 0.0 O b 0  O b 0  O b 0  O b 0  O b 0  O b 0  O b 0  oto O b 0  O b 0  0.0 O b 0  O b 0  
60 I O b 0  O b 0  O b 0  O t O  0.0 010 O b 0  010 O b 0  OtO O b 0  080 O b 0  O b 0  

w 70 O b 0  O b 0  O b 0  O b 0  O b 0  O b 0  O b 0  O b 0  oto oto O b 0  O b 0  O b 0  
80 O b 0  oto O b 0  OtO O b 0  O b 0  * 0.0 O b 0  0.0 O b 0  O b 0  O b 0  
90 0.0 O b 0  0.0 O b 0  O b 0  O b 0  O b 0  O b 0  0.0 O b 0  0.0 O b 0  

100 O b 0  O b 0  O b 0  O b 0  O b 0  O b 0  O b 0  O b 0  O b 0  . oto O b 0  Ob0 
110 0.0 O b 0  O b 0  O b 0  . 0.0 O b 0  010 O t O  060 O b 0  

120 O b 0  O b 0  O b 0  . o b 0  O t O  0.0 O I O  oto O b 0  O b 0  

Y 130 O b 0  O b 0  O b 0  O b 0  'O tO OtO O b 0  O b 0  O b 0  0.0 
140 O I O  O b 0  O b 0  0.0 O b 0  O b 0  0.0 
150 O b 0  O b 0  0.0 O b 0  0.0 O b 0  

160 O b 0  O b 0  0.0 O b 0  060 O b 0  

170 44.9 O b 0  0.0 O b 0  

I 

- 180 7961 O b 0  O b 0  
3 190 109.3 3e3 

200 135e7 54A O b 0  0.0 - 

210 * 15813 9910 O b 0  

:o 0,O O b 0  O b 0  

i0 O b 0  OtQ Oe(1 

,bi 

280 217.2 217tl 216t9 
290 217*2 217e1 2 l 6 b 9  2163 21S3 210S 16266 * 8 3 b O  39,s. 17.5 
300 217e2 217t1 16.9 21665 215t3 21015 1624 B3bO 3 9 4  17,s 

W 
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m t 
Ot S'tb ' 8'88 t'U1 1'09E f'OW 1'8801 
ot S'Ct 8'88 P'U1 I'OOP P'OU 1'8801 

S'tb 8'88 f'ULt I'OE f'OtL 1'88 

0'0 t'ff I'Et1 Z'tbz 
0'0 0'0 Z'bb 
0'0 0'0 0'0 
0'0 0'0 0'0 0'0 '6'812 0' 
0'0 0'0 0'0 0'0 

- 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
-0'0 0'0 0'0 0'0 0'0 0'0 0'0 0' 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0' 0'0 UOCE WOL o* 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 C'ZOZ S8t9 r' 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 1' 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0 

-4'0 040 0'0 -0'0 0'0 0'0 0'0 - 0' 8'8 Z'lrSb 3'TE 9' 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 - 0'0 0'0 0'0 0'0 0' 8'6bb L'W Otl 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0' f'I5E 8'lZf OEl 

0'0 0'0 0'0 0'0 0'0 0'0 0'0. 0'0 0'0 0'0 0'0 0'0 9'12 f'ES 001 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 f'b6E: 06 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 6'0K 08 

I 

A 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 , 2'24 Of 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 09 
010 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 os 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 Ob 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 OE 

.O'O 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 02 

A 

I 2 c 9 91 zr b9 821 Et as tzo1 8W 96Ob 2618 (30) 
dM1 

9 

i 

k- f 
I/EP o'zr = Hq w No -- - 

82'0 = UIbm I34 UaWhlrn 

N0113TNI 3Hl Sb NoIlWlIdI33ld bOSe3 

A -------- __ . ZT 3?€Iv& 

,'a 
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0.0 
040 
0.0 

22*8 O b 0  0.0 0.0 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 011 O * O  
0.0 

t 80 212.4 0.0 0.0 0.0 0.0 0.0 0.0 obo 0.0 0.0 0.0 0.0 old O t 0  
o*o 

110 436.4 31.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 obo 0.0 0.0 old O t 0  * A  

0.0 0.0 0.0 0.0 0.0 0.0 510 0.0 0.0 0.0 0.0 010 O,u 20 
0.0 ~ 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 010 0.0 0.0 010 30 

40 0.0 O b 0  0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 OA!  

70 122.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 o t d  

0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 4  O e O  

W 

90 295.9 0.0 0.0 O b 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
100 373.3 ' 0.0 0;o 0.0 0.0 0.0 OB0 0.0 0.0 0.0 0.0 0.0 0 1 ~ ~  O * O  

120 434.7 135.0 Q t O  0.0 0.0 510 0.0 0.0 
548.4 232.5 0.0 0.0 0.0 0.0 0.0 0.0 0 
$97.8 323.9 0.0 0.0 0.0 0.0 0.0 4.0 0 

Y 

.9' 6824 475.4 Y 

200 805.2 ~ 2 . 9  572.6 

63 

e9 868.2 721.3 
a 9  868.2 721.3 

rv 

w 
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TABLE 15 

W 

INJECTION UATER IS HEATED 

EQUIVALM NaCl HOLARITT = 0. 
MINCENTRhTION of hi+ 1 2 8 b O  ~ 

A1uluHT OF Cas04 PRECIPITATE ( 
TOIP 
(W;) 8192 40 2048 1024 512, 256 128 4 2 1 

V 
'LO O b 0  O b 0  0.0 O b 0  O b 0  0.0 O b 0  0.0 O b 0  
40 O b 0  O b 0  O b 0  0.0 O b 0  0.0 oto 0.0 O b 0  O b 0  O b 0  OIO 

10 0.0 0.0 0.0 O I O  O b 0  0.0 0.0 O b 0  O b 0  0.0 0.0 O b 0  0.0 0.0 
3o 0.0 0to 0.0 0.0 oto O b 0  0.0 O b 0  0.0 O b 0  0.0 O b 0  O b 0  0.0 
60 0.0 O b 0  0.0 O b 0  O b 0  O b 0  O b 0  O b 0  0.0 0.0 0.0 O b 0  0.0 

w 10 0.0 O b 0  0.0 at0 O b 0  O b 0  O b 0  O b 0  O b 0  0.0 O b 0  O b 0  O b 0  
80 o*o O b 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O b 0  O I O  oto 
YV 0.0 O b 0  b o  O b 0  O b 0  0.0 O b 0  0.0 O b 0  oto O b 0  0.0 0.0 0.0 

100 O b 0  0.0 b o  0.0 0.0 0.0 O b 0  O b 0  0.0 0.0 OIO O b 0  0.0 0.0 

1'20 71.7 obo obo obo oIo 0.0 obo 0.0 oto 0.0 obo o,o obo 0.0 
110 15*3 O b 0  0.0 O b 0  O I O  O b 0  O t O  O b 0  0.0 O b 0  0.0 O b 0  0.0 0.0 

Y 1s 123.8 O b 0  O b 0  040 060 0.0 0.0 0.0 0.0 O b 0  0.0 O b 0  O b 0  0.0 
140 1713 0.0 O b 0  0.0 0.0 0.0 0.0 O b 0  O*O 0.0 O b 6  O b 0  0.0 0.0 

O b 0  0.0- 0.0 O b 0  0.0 O t O  0.0 O b 0  
.o 0.0 O b 0  0.0 0.0 0.0 0.0 
b o  O b 0  0.0 O b 0  oto O I O  O b 0  

O e O  0.0 O b 0  O A  O b 0  0.0 O*Q- 
o b 0  O b 0  oto 0.0 o b o -  o b 0  0.0 0.0 
0.0 oto 0,o b o  0.0 



i .. .. . 
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U 
Y 

Y 

EQUIVALENT Hac1 
CY 

i 

-I 
i 

AMWT W Cas04 PRECIPITATE ( d l )  AT SW- C0)IC hs/l) OF 

4096 2048 1024 512 256 128 64 32 16 8 4 2 1 
Y 

20 95965 24661 060 010 O t O  060 060 060 060 060 0.0 060 060 060 
31666 0 6 0  060 0.0 060 060 0.0 060 060 0.0 060 060 060 
38460 010 060 060 OIO O+O 060 060 060 060 060 0 6 0  060 

50 108261 44865 010 010 060 060 OtQ O t O  0.0 0 6 0  060 060 060 0.0 
V ' 60 112013 51363 010 060 060 060 060 010 010 060 060 oto 060 Ob0 

70 115667 57567 410 060 060 060 010 060 O t O  060 060 060 010. 010 
80 119064 63462 060 640 060 060 060 010 010 010 060 010 060 060 
90 1222tS 69016 010 060 060 0 6 0  010 060 0 6 0  060 060 060 060 010 

' 100 125360 74560 462 060 060 060 460 OtO 060 060 060 0.0 0.0 060 
116 131761 86163 l%t4 010 090 0 6 0  010 060 060 060 O t O  060 060 060 

130. 143167 107861 46063 010 010 010 060 010 060 0.0 0 6 0  060 060 0.0 
140 148168 1176a9 60666 060 010 060 0.0 010 060 060 060 060 0.0 0 6 0  
150 12763 126961 7494 la68 010 060 060 060 060 060 060 060 I 
160 156861 '135461 88960 27942 010 010 6 0  060 "060 oto 

W 120 1376~9 9n68 310~9 060 0.0 060 060 060 060 060 060 0.0 060 060 

- 170 1 6 ~ ~  1 4 3 1 ~  1024~3 42769 060 010 ,o 0,o 060- 
0 180 163661 15013 115469 57469 10264 o b 0  

190 166365 1562.9 1279.6 7 2 0 6 0  233.6 060 
168665 1615*6 139668 
170513 165963 150369 
171967 169366 159762 

230 173060 171862 16714 127368 64968 30563 
0 240 173662 173362 172065 

250 173863 173863 173863 
260 173863 1738.3 '173863 
270 173863 173863 1738t3 

. 280 173863 173863 173863 145064 72562 362th 
290 173863 ,173863 173863 1450.4 72562 36266 

V 173863 173863 373863 145064 72562 36266 

V 

W 
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TABLE 20 -------- 
v 

Cas04 PRECIPITATION CIS THE IWJECTION UATER IS HEATED 

EWIVALENT #aC1 MtARITY = Ob03 

i A)(WNT OF Cas04 PRECIPITATE (6  AT s04- CONC (~4) OF 
TW 
(d) 8192 4096 2048 1024 512' 256 128 64 32 16 8 4 2 

20 o*o o*o o*o o*o o*o 010 o*o 010 o*o o*o o*o o*o o*o 
W 

1 

010 

30 o*o 010 0.0 o*o o*o o*o o*o 010 o*o o*o o*o o*o 0.0 o*o 
40 o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o 010 
50 o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o O I O  

60 o*o 010 0.0 o*o o*o o*o o*o 010 o*o 010 o*o o*o o*o o*o 



w 

-_ 

Y ION OF btt 4410 d l  

4 2 1 
v 

20 oIo oIo oIo oIo oIo oIo oIo oIo oIo oIo oIo oIo 0.0 oIo 
30 OIO OIO OIO OIO OIO 0,O OIO OIO OIO OIO OIO OIO 0.0 010 
40 OIO OIO ' O t O  OIO 010 $0 OIO OIO O b 0  OIO OIO O I O  0.0 0.0 
50 OtO OIO OIO 010 OIO O I O  IO o*o OIO OIO OIO O I O  O I O  0,o 

U 60 0,o OIO OIO OIO 0,o OIO to 010 OIO 0,o OIO 0,o 010 010 
70 OIO 9IO OIO OIO O I O  OIO 0,o O I O  OIO OIO OIO OIO OIO O b 0  

I 80 OIO OIO OIO 010 OIO OIO OIO OIO OIO OIO OIO OIO O I O  0.0 
90 010 OIO IO O I O  OIO OIO oto OIO OIO O I O  OIO OIO O I O  oto 
100 010 OIO IO OIO 910 0.0 OIO OIO OIO OIO OIO OIO OIO O I O  

110 0.0 OIO OIO OIO 0,o 0 4  OIO OIO OIO O I O  O I O  OIO O I O  0,o 
Y 120 OIO .OIO OIO o*o OIO OIO OIO o*o OIO O I O  OIO OIO OIO O I O  

130 OIO OIO OIO o*o 0,o Ot0 OIO OIO OIO OIO OIO OIO 0,o O I O  

140 OIO OIO OIO OIO OIO 010 o*o OIO OIO OIO 010 OIO OIO 

OIO OtO OIO OIO OIO O I O  

OIO I OIO OIO 010 010 0.0 
- '170 9617 090 OIO OIO OIO 0,o OIO O b 0  O& 

w 180 12469 33*4 010 OIQ 0,o 010 ut0 
190 14912 81,O OIO OIO 0 4  o*o - 

a .  ;o OIO OIO 

I 9  O I l  oto 
.9 Otl * OI0 

Y 2I9 O I l  O b 0  

u 

w 



W 

20 010 o*o oto oto oto 010 oto oto OI0 oto 0 4  0 4  OtO o*o 
30 oto oto oto oto to oto oto oto oI0 QI@ OtO Ot0 O * O  
40 oto O b 0  oto oto O t O  oto oto oto oto 010 o*o OtO o*o 
50 oto 0.0 090 oto oto 0:o oto oto oto oto 010 O t O  o*o 0 4  

90 oto oto (110 oto 0.0 oto 010 010 oto o to  
100 0.0 o*o o*o .o OI0 Ob0 0.0 010 OtO OtO 0 4  
110 oto oto oto to O t O  I oto at0 
120 O I O  oto #to oto oto ,o oto oto oto 
130 oto OtO OtO oto oto oto oto 0.0 oto oto 
140 oto 0.0 oto oto 0 oto oto 

0 oto o*o 
0 oto O t O  
0 Q t O  0.0 
0 oto oto 

o O ~ O  oto 0.0 to oto O I O  

60 0.0 0.6 OtO 0.0 O b 0  OtO 010 OtO 0.0 otO 010 Ot0 Ot0 O I 0  
70 010 O t O  OtO O t O  O t O  OIO oto oto ot0 ot0 614 O t O  'to O t O  Y 

I 89 oto oto o*o ato 8 oto oto O * O  0,o ot0 ol0 O t O  010 

Y 

rlp 

.oto -0to oto 

v 

bd 

W 
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TABLE 24 -------- 

Cas04 PRECIPITATION AS THE I 

EQUIVAffNT Wac1 W I T Y  0,014 - .. -~ - 

NTRATION OF btt = 256*0 Ull U 
'r 
_ R  

c 

MOUNT OF Cas04 PRECIPITATE hs/l) AT SO4 
TMP 
(oC) 8192 4096 2048 1024 512 256 128 64 32 16 8 4 2 

W 

Y 

t 

20 151*0 010 o*o 010 0.0 o*o 0.0 o*o OIO IO o*o 010 o*o 
30 19018 O e O  010 0.0 O * O  o*o o*o o*o OIO *o o*o o*o o*o 
40 228*3 0.0 o*o o*o o*o o*o 010 0.0 010 0.0 OIO o*o o*o 
50 26318 O*O OIO 0.0 o*o 'OtO o*o o*o OIO 010 OIO o*o o*o 
60 2 9 8 e 9  O*O 010 o*o o*o 0.0 o*o O t O  o*o o*o OIO OIO o*o ' 

70 332*3 o*o o*o OIO o*o o*o Ob0 o*o o*o o*o o*o o*o o*o 
80 363.1 0.0 O e O  O b 0  0*0 0.0 OIO o*o OIO o*o o*o OIO o*o 
9o 392s oIo o*o oIo oto oIo olo oIo oto oIo oIo oIo 0.0 
100 4 3 * 5  3I7 o*o O I O  oto O I O  o b 0  O I O  O I O  o*o 096 O I O  o*o 

1 

o*o 
o*o 
o*o 
O I O  

O I O  

0.0 
0.0 
OIO 

O I O  

110 480~1 i o a ~  0.0 o,o oIo oto oIo - 0 ~ 0  oIo oIo oIo oIo 0.0 oIo 
120 5 3 5 8 6  39*0 O t O  , O+O 010 o*o o*o o*o o*o o*o o*o o*o 0.0 O I O  

130 586*5 302~8 OeO O+O 010 o*o OIO o*o o*o o*o 0 4  0.0 o*o o*o 
140 632;9 39Oel 0.0 O*O 010 O a O  0.0 010 060 oIo ato oIo O ~ O  oeo 
150 674*3 470.8 108.7 010 O*O 0,O 0.0 0.0 o*o 010 OIO O I O .  o*o OIO 

160 712t6 54117 230t5 0.0 0.0 O t O  *o OIO O I O  o*o 060 OeO o*o o b 0  

Y 

170 746*0 611.6 I9 0.0 0.0 010. 
*Q 110d OeO 

*3 250.9 o*o 
e 5  387.5 78eO 

Y 

519+ 221e6 010 
.7 36314 1184 

0 o*o o*o ~ 

Y 

869.2 86912 72L1 
300 a6912 869e2 86992 

I 

v 

w 



O'Q 0'0 0'0 0'0 

0'0 0'0 0'0 0'0 
0'0 0'0 0'0 
0'0 . 0'0 0'0 
0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 
0'0 0'0 , 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 -06 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 O-'O 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 os 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 Ot 
0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 ' 

p_'b O"0 0'0 b'0 

- b 

- e- 0'0 0'0 0'0 0'8- 0'0 0'0 0'0- 0'0 0'0 0'0 0'0 0'0 

- _- 

I ds 

I 2 t 8 960t 2618 (30) 
-- dwu. 

-------- sz 3I1wJJ 

d 
1) 



6'IZ. S'tt S'68 L'LLI E'9 O'Llt Z'LJZ Z'L 
f'91t O'Ltt Z'LIZ Z'LIt f*llt f'LIt 
E'91t O'LtL Z'LIZ Z'LtZ 
€'PIE O'LIZ Z'Ltt Z'LIZ 
2'912 O'LlZ Z'L1Z Z'Llt 

O'LIZ Z'Lft Z'[U 
0'0 0'0 0'0. L.' 
0'0 0'0 0'0 
0'0 0'0 0'0 
0'0 0'0 0'0 0'0 '0'0 0'0 0'0 t'Lb 1' 

0'0 0'0 0'0 0' 0'0 0'0 0'0 0'0 0'0- 0'0 0'0 E'tf 6' 
0'0 0'0 0'0 0' 0'0 0'0, 0'0 0'0 0'0 0'0 0'0 0'0 4'10 te~g 061 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 &*re 
0'0 0'0 0'0 0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0 0'0 . 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 '0'0 0'0 0'0 0'0 0'0 E'tf os1 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 o'o -- otl 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 o'o 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 040 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0.0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 oq 0'0 

081 

Off . 
Ott 
Otl 
OOt 
96 
08 
OL 
09 
os 
Ot 
OC 
02 

rn 

* 
1 2 t 8 91 a t ' 21s bZO1 8t02 960) ~618 (30) 

dwu- 
JO (vao) 3~03 --m 1v (IDS) WlId133Jd tOS3 A0 lmv 

*- IDS O't9 = tP3 3 NOIlMU33N03 
tio*o = IIIW~OH WN i~3~11no3 

(IlIUM SI UWf! NOI133fNI MI SV NOIlVlId133l!d tOS3 

PI 
-e------ 

92 3?avJJ 



(0C) 8192 4096 2048 1024 512' 2% 128 64 32 16 8 4 2 1 

tr 
2o o*o o*o 0.0 o*o o*o o*o o*o oto o*o o*o o*o o*o o*o oto 
30 o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o 
40 o*o o*o 0*0 o*o o*o 0.0 o*o o*o o*o o*o o*o o*o o*o o*o 
50 o*o 0.0 o*o o*o 010 o*o o*o o*o o*o OtO o*o o*o 0 4  o*o 
60 o*o o*o o*o 010 o*o o*o o*o o*o o*o o*o o*o 0 4  o*o o*o 
70 o*o o*o o*o o*o o*o o*o o*o oto o*o o*o o*o o*o o*o o*o 

t 30 o*o o*o o*o 010 o*o o*o o*o o*o o*o o*o o*o 0.0 010 010 
90 o*o 0,o o*o o*o o*o 010 0.0 6*0 o*o o*o 0;o o*o o * o  

100 010 o*o O t O  o*o o*o o*o O t O  o*o 0 4  o*o o*o 
110 o*o o*o o*o o*o 0*0 0 4  o*o 
120 0 4  o*o o*o o*o oto o*o o*o 
130 I O*O O*O 010 O*O o*o o*o oto o*o o*o o*o o*o 0 4  o*o o*o 
140 o*o o*o * 010 o*o 

ci 

" 

Y 



20 010 010 o*o o*o 010 o*o o*o o*o o*o o*o oto oto o*o oto 

30 o*o oto o*o oto o*o o*o o*o 0,o o*o o*o o*o oto o*o 
40 010 o*o oto o*o 0,o o*o o*o o*o o*o 0.0 o*o o*o 010 

010 OtO 0*6 O*O O e O  OtO O*O OeO OtO O*O O*O O t O  
U o*o o*o o*o OIO o*o o*o o*o o*o o*o o*o o*o oto 

70 o*o oto o*o O t O  o*o 6*0 010 o*o o*o 0 4  o*o o*o oto 0 4  
80 o*o o*o o*o 0.0 o*o o*o o*o o*o 010 o*o o*o o*o o*o o*o 
90 o*o o*o o*o oto o*o o*o o*o o*o o*o oto 010 o*o o*o oto 

100 o*o o*o 0,o o*o o*o o*o PI0 oto oto 0.0 o*o @IO o*o o*o 
110 o*o o*o o*o o*o 0 4  010 OtO ' o*o 0 4  o*o o*o 0 4  0.0 O t O  

U. 120 # I O  o*o o*o o*o o*o O b 0  OtO 010 O e O  O*O O*O 010 O * O  010 
130 o*o I o*o o*o o*o o*o o*o O*O OeO OeO O*O O t O  OtO 010 O t Q  

*o o*o o*o o*o 0,o 0,o oto oto o*o 

I 

*3 54t2 54*0 



0'0 0'0 0' 

0'0 0'0 0'0 0'0 0'0 0'0 o*a 0'0 o* 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0' 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0' 
0'0 0'0 ' 0'0 0'0 0'0 0'0 0'0 0'0. 0' 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0' 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 C'f4E 06 
0'0 0'0 0'0 . 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 S'tff 08 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 Z'KE OL 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 b'IQE 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 OtO . 0'0 0'0 0'0 0'0 6'932 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 O'aZ 
0'0 0'0 0'0 0'0 0'0 O'Q 0'0 0'0 0'0 0'0 0'0 I'W OE 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 

I 

m 

p4 

2 b PI ZE: t? 821 . ZIS tZOt 960b Mf8 (30) 
dw31 

I 

f- 

-------- . 62 3?W& 

me 

1, 



*' 
W l  

w 
w 

IUALEU Wac1 MOLARITY = 0*006 

Jv#wNT OF Cas04 PRECIPITAE (rzlll) AT 504- CONC (rg/l) OF 

4 0 0  8192 4096 2048 1024 512 256 128 . 64 32 16 8 4 2 1 

o*o o*o o*o o*o o*o o*o OtO o*o o*o o*o o*o O I O  o*o 
o*o o*o o*o o*o o*o o*o 010 o*o o*o 0.0 o*o o*o o*o o*o 
o*o o*o o*o o*o o*o o*o 0.0 o*o o*o oto o*o o*o o*o o*o 

50 O b 0  o*o o*o o*o oto ' O b 0  oto oto o*o o*o 010 o*o o*o o*o 

70 oto o*o OtO OtO O t O  o*o OIOl o*o o*o o*o o*o o*o 0.0 o*o 
e 80 o*o o*o o*o o*o o*o 0.0 o*o 0.0 o*o o*o o*o o*o o*o o*o 

v 60 010 OtO 010 010 010 010 O*O 010 O*O Om0 O*O OtO OtO 010 

O*O OtO 0.0 O*O 010 010 OtO O t O  OtO 010 010 010 010 010 
100 2 s  o*o o*o o*o 0.0 0.0 o*o o*o o*o I 0.0 o*o o*o o*o o*o 

. 110 60*1 OtO OeO 010 010 o*o o*o I o*o o*o o*o o*o oto o*o O I O  u -120 11317 010 010 010 010 010 O*O O e O  O*O 060 O*O OtO . 0.0 O t O  
130 162*7 O*O *o 0.0 o * o -  O b 0  0.0 o*o o*o 0 4  o*o o*o o*o o*o 
140 207A O*O *o o*o o*o 0.0 o*o 010 o*o 010 010 0.0 o*o o*o 

0 o*o 0.0 010 o*o 010 b e 0  Q b O  6.0 O*O 0.0 
0 oto o*o 0.0 0.0 o*o O b  

0 0.0 o*o o*o o*o o*o 0. 

3 O b 0  oto o*o 0.0 o*o o*o o* 
w 7 o*o o*o 010 o*o ot 

3 

6 434*6 434*6 362S 181+2 9066 

I 



W 

f 
tr 

TABLE 31. -------- 
V 

EWIUALEKT kC1 WARITY = OAO6 
ON I# htt = 64tO W/l 

Y 

r‘ 

F 

MOUNT W bSO4 PRECIPITATE (Wl) AT W-- W E  tWl) OF 

096 2048 1024 512 , 256 64 32 16 - 8 4 2 1 

V 
20 _. O*O O*O O t O  o * O  O*O 010 O t O  010 010 010 010 OtO 010 0.0 
30 010 OtO O e O  010 010 O e O  OtO O s 0  O*O 010 OtQ O*O O t O  0.0 
40 . 010 O*O O*O O e O  010 OeQ O+O O t O  o*o o*o oto oto o*o oto 
50 OtO o*o o*o o*o o*o O!O o*o o*o o*o o*o o*o o*o 0.0 o t o  
60 o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o oto o t o  

V 70 o*o o*o oto o*o o*o oto o*o o*o o*o o*o 0.0 o*o o*o O t O  
80 o*o o*o 0.0 o*o o*o 010 o*o 0,o o*o o*o o*o o*o oto o*o  
90 o*o o*o oto o*o o t o  o*o o*o o*o o*o o*o o*o o*o o*o oto  
100 o*o o*o o*o #IO o*o o*o o*o o*o o*o o*o o*o o*o oto oto  
110 o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o oto 
120 o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o 

YJ 130 o*o oto o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o o*o 0.0 
140 0,o 0.0 o*o o*o o*o 0.0 o*o o*o o*o o*o o*o 010 o*o o*o 
150 W*S o*o o*o o*o o*o O t O  o*o o*o o*o o*o o*o 0 4  o*o o*o 

6912 O*O 0.0 oto 0.0 PI0 010 0.0 0.0 0.0 oto 0 4  o*o 
100*8 O*O O e O  o *o .  o*o o*o o*o 

- ”  180 128*6 40e5 010, o*o o*o 
0 190 152*4 87t2 Ot0 o*o o*o o*o o*o o*b o*o 0.0 040 

200 172A 126*8 o*o a*o o*o o*o o*o o*o o*o o*o oto. 
210 188d 159*3 O t O  o*o o*o o*o o*o o*o , o*o oeo 
220 201e2 184t6 o*o O t O  o*o o*o o*o o*o o*o o*o - 
230 216a1 2024 *o o*o o*o oto o*o o*o o*o o*o 

o*o o*o 010 *o o*o o*o oto 
0 217*3 217.3 217t3 2l7*2 18 9015 #e2 22t6 *2 5*6 2*7 1*3 

217e3 217e3 21793 17*2 180*7 9045 45*2 22d 11e2 
217r3 21783 21713 90S 4542 2 2 e 6  11*2 ~ 2e7 1*3 

217,s 217*3 217.2 l80*7 9 0 3  45t2 22d 11e2 
217*3 217*3 217t3 217t2 18067 90t5 4562 2296. ,1162 5*6 2*7 lt3 

300 217*3 217*3 217*3 217*3 21763 217*2 180e7 90.5 4512 22d 11+2 5th  2+7 1t3 
Y 

w 

W 



A 

I'P E'Z E' 
1'1 S't f' 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 021 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0.0 0'0 090 Off 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 001 $ 

0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 O'.O 0'0 0'0 0'0 Ob 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 08 A 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 oi 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 . 09 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 ' 0'0 0'0 0'0 os 
0'0 0'0 0'0 . 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 or 
0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 0'0 OE 
0'0 040 0'0 0'0 0'0 0'0 0'0 0'0 040 0'0 0'0 0'0 0'0 0'0 . 011 A 

f t t 8 91 Zf b9 821 9st ZtE ROl 8tOt 960t 2618 (30) 
dw31 

(IulfM SI WJfl NOflWlf MI SV HOIlWlId13W wsg3 

14 

-----e--- 

ZE 31W& 

na 

I) 



, .-. 
. e  . .. 

W 

w 
Y 

TABLE 33 -------- 
. __ 

w 

b94 9RECIPITATION AS THE INJECTION MATER IS HEATED 

EQUIVALWT US1 t!OtARIlY = 01006 . . __ - . . 

CONCEWIRATION of btt 0 l6tO nul 

i #NlUNT OF Cas04 PRECIP 
TafP 
(of3 8192 4096 204 024 512 ' 256 128 64 32 16 8 4 2 1 

w 
20 oto oto oto oto oto oto oto oto 0.0 oto oto oto oto oto 
30 oto o e o  oto oto oto oto 0.0 oto oto OIO oto OtO oto O I O  

40 oto 010 oto oto oto oto oto oto oto oto 010 010 oto oto 
so oto oto oto oto oto &to oto 0.0 oto oto oto oto oto oto 
60 oto oto 010 010 oto 0,o oto oto oto 010 oto oto oto oto 

r, 70 oto oto oto OtO oto oto oto oto 010 oto oto oto oto oto 
I 80 oto OtO oto oto 0,o oto oto oto oto oto oto oto oto 0.0 

99 O t O  O t O  oto oto oto oto oto oto oto 0.0 oto oto oto oto 
100 oto oto oto oto oto oto to OtO oto OtO oto oto oto oto 
110 oto oto OtO oto oto oto to #to OtO OtO oto oto oto oto 
120 0.0 ~ oto oto oto oto oto to oto at0 0.0 oto 010 oto oto 

140 oto to oto 0.0 oto oto t0 OtO OtO O t O  . O t O  010 OtO 0.0 
150 oto oto oto oto .oto oto oto 010 o*o oto oto oto oto oto 
160 O t O  O t O  OtO Q t O  O t O  oto oto O t O  
170 010 oto OtO OtO oto oto oto oto 
180 0.0 0;'o ' oto oto oto oto to oto oto oto 

v 190 oto oto oto oto oto oto to oto oto 

U 136 oto to OtO o e o  oto , oto to oto oto oto oto oto oto oto ' 

918 O t O  OtO 010 010 -0tO 

Y 

t8 210 416 
53*2 '41t9 21t4 

280 54t3 .  54t3 S i 3  54*3 S4t3 54t2 53t2 41t9 2164 
54t3 54t3 S4t3 S4t3 S4t2 54tO S3t2 41t9 2 1 4  
54t3 54t3 s4t3 54t3 5 4 6 2  5460 5 3 6 2  4169 2164 

V I 

W 







W 
TABLE 36 

ESERVOIWINJECTION UATER RIXfllRES 

W 4 -  ION CONCt M/l) OF M E  INJECTION UATER t 8192tO) 
hd 

Y 

PRfCIPITATIDEi (Wl) 

ZINJ RESERVOIR SKIN 
BaSM SrSO4 CaSM kSM SrSM Cam a94 SrSM CaW 

otoo otoo otoo 
OtOO 6too Otoo 
otoo otoo otoo 
otoo otoo OtOO 
otoo otoo otoo 

14 1115t35 526t47 

otoo otoo OtOO 
O t o o  otoo otoo 

22 1021t1S V88t28 764t15 0 6 0 0  otoo otoo OtOO QtOO OeOO 

26 mt11 125148 
28 921r80 1315tSb 114949 ' otoo otoo otoo 
30 888tl3 1347t84 1334642 . OtOO 0 6 0 0  OtO2 OtOO otoo OtOO 
32 8bOt56 13bbt79 1525t48 OtOO OtOO 40103 otoo otoa otoo 
34 835t97 1313t32 1768t25 OtOO OtOO 0104 OtOO otoo otoo 

Y 36 814602 1210188 2045.52 OtOO OtOO 0104 OtOO OtOO 2t39 
38 794.90 1108647 2329184 OtOO 0600 6t06 
40 779r12 1OObt45 2593t59 
42 774t65 907t18 285639 OtOO O+OO 13t20 
44 775t53 820t73 3106t37 OtOO OtOO 18t29 
46 783659 706t77 3312t40 OtOO OtOO 24t12 
48 7 9 ~  ~ ~ 1 7  xiim~ OtOO OtOO 0116 OtOO OtOO 30681 ~ 

50 813t49 729183 37#5t87 OtOO otoo ot20 OtOO OtOO 38t52 
52 833tS1 708t82 3892t65 OtOO OtOO Ot24 otoo otoo .47*58 I 

W 24 mstn 1142~13 

I 

I 

S4 889t08 716t21 403140 0100 QtQQ 0632 0600 0100 M*Qi 
otoo otoo at15 Y 940t70 744t59 4151t81 
O t 6 0  OtOO 1lOtbl 
OtOO OtOO 136t43 

I 

__  

+71 824t66 458549 

otoo 0,OO 230tV6 
OtOO OtOO ?86*69 
OtOO OtOO 345*0? 
at00 - OtOO 416t26 

Ot39 699t73 5633623 otoo oto4 2s9 OtOO . OtOO SO4641 
QtOO O t O l  3t20 
oto6 0102 3t93 I 

4 2  513t91 5958t90 
I 

OtOl 043 7t22 
OtOl 0403 8t34 0600 OtOO 1903t29 

88 352t21 351t05 5342t23 OtOO om 2254t08 
OtOO 0100 2271t63 
0132 6tOO 1934676 

OtOl  0103 8t18 0141 OtOO 1568t51 
at00 ot02 7+25 0.33 0,OO 1283t93 
OtOO OtO2 be39 0124 OtOO 1071t23 

100 OtOO 0.03 0100 otoo OtO2 o m  OtOO O*OO 750t13 



'I- . 

W TABLE 37 
RSERVOIR/INJECTION UATER fiIXTURES 

PRECIPITATION tall) 

SEMlND FLASH 
4 cam b S M  SrS04 bS04 

0000 0000 0.00 
0000 0000 0000 
0000 0 0 0 0  ot00 ot00 o t 0  otod 
0000 0 0 0 0  0000 0 0 0 0  0.00 0000 
0000 "0000 too otoo 0000 oto0 
0 0 0 0  ot00 too 

otoo 0000 0 0 0 0  
14 0000 Ot00 0000 0 0 0 0  0.40 0000 

0.00 0 0 0 0  0.00 
0000 otoo . 0000 0000 Ot00 0 0 0 0  
0000 otoo -0tOO OtOO OtOO 0 0 0 0  I 0000 0000 o#-oo otoo otoo 
0000 ,0000 0 0 0 0  0 0 0 0  Ot00  a om 0000 0000 ot00 

otoo 0 0 0 0  0000 otoo 0 0 0  0 0 0 0  
W 26' 0000 OtOO 0 0 0 0  otoo 0 0 0 0  0000 

28 otoo otoo v o o o  
30 0 0 0 0  O t 0 0  0000 lt82 0 0 0 0  OtOO 
32 OtOO 0000 0 0 0 0  4t76 0000 O*OO it72 0000 otoo 3t47 0000 otoo 
34 0.00 ot00 otw 8t09 Ot00  0000 1.80 0,OO '0.00 3.52 O;OO 0000 
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0000 0000 0000 1494 0000 -0000 3t80 OtOO 0000 
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1049 OtOO 0000 
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TABLE 38 

RESERVOIWIHJECTION URTER QXTtJR€S 

Ml4- ION CONL (Wl) OF THHE 1WJEClION UAfU 

ZIW RESaWOIR 
3asM SrSM cas04 Bas04 SrsM CeSM 

OIOO 0.00 OI00 
0.00 0.00 0.00 
OIOO 0.00 OIOO OIOO 0.00 0.00 

6 58174 0.00 242.23 0.00 0.00 0.00 OIOO 0.00 0.00 
8 179.41 16.43 251.54 O I 0 0  0.00 0.00 0.00 0.00 0.00 

10 295.11 47r94 25283 O I O O  0.00 - O I 0 0  

14 56 i19  124167 256171 0.00 0.00 0.00 
16 595131 126170 294110 0.00 OIOO 0.00 OIOO O t 0 0  OIOO 

4.00 0.00 0.00 0.00 OIOO 0.00 . 
OIOO 0.00 0.00 0.00 0.00 0.00 
OtOO 0.00 4.00 0.00 O I 0 0  0.00 
O I O O  O I O O  0.01 0.00 0.00 OIOO 

0.00 0.00 O I O l  0.00 OIOO 0.00 
28 877.80 558145 356173 0.00 OIOO 0102 0.00 O I O O  0.00 
30 862.02 714.01 341.35 O I b O  0.00 Ot02 O I 0 0  O I O O  0.66 
32 843.58 867.23 329110 0.00 0.00 0103 0.00 OI00  O I O O  

34 823S3 949.61 370.07 0.00 OIOO 0.04 O I O O  O I O O  . OIW 
36 803.68 963175 461.28 0100 0.00 0104 0.00 . OIOO 3.24 
38 785.22 M e 3 0  571.88 OIOO 0.00 0.6  0.00 0.00 5196 
40 t 6 m  910.87 699.63 0.00 0.00 0106 0.00 OI00 9*06 

- 42 7&3*91 851i65 835.45 0.00 OI06  0.08 OeOO 0100 13123 
e61 788152 971100 OIOO . O I O O  O I l O  0.00 O I O O  17.97 
074 .767t90 1070.73 O I O O  0.00 23.34 

48 777*00 742A7 llN.89 OIOO O I O O  29.42 . 
50 789190 717.02 1268.35 OIOO OIOO 0.18 V I 0 0  OIOO 36t53 

a*oo OIOO 0122 0;00 0.00 44.51 
O I O O  0 .0  0129 0.00' OtdO 5?t86 
O I O O  0.00 0138 0.00 0.00 .78& 
OIOO O&O 0649 0.00 0.00 1#144. 

12. 404.28 14.42 m 1 6 2  

i d  

u 

ct 

60 942.18 ~ 0 . 6 7  1 ~ 2 4 ~ 8 8  
62 929.12 783.92 1593174 

o m  . 0.02 4I11 

OIQO 0.02 5.66 
88 348.39 342.12 w30.02 0.00 0102 de60 
90 291.15 286rSI 2214167 OeO1 0103 7163 O t 0 0  OtOO 1469151 
92 233.49 230.26 2032.79 0.01 0103 8 3 7  - 
94 175.42 173.54 1721180. 0.01 0.03 9.36 
96 117.03 116.32 1246.98 OIOl  0.03 9174 0.00 0.00 214022 
98 58.35 5 8 6 5 4  591143 0.00 0.03 9155 0.08 0.00 1991178 

4 ~ 8 ~ 8 9  w 8 4 m  . 0.00 0.00 4*a7 

100 0.00 0.06 0100 0.00 o m  O I O O  0.00 0100 1437137 - 
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f TABLE 40 
REmIvI#JEclIM UATER I I m s  

PREcfPITAlION tW1) 

... - 
SKI# 

0 OeOO OeM 0174 o m  OIOO o m  
2 OIOO OIOO S b s 7  OIOO O e O O  OIOO. 

4 o m  0.00 112I37 OIOO OI00  OIOO 

6 0100 0100 We14 o e o o  OIOO OIOO OIOO OeOO o*oo 
Io0 OIOd 223188 OIOO O t 0 0  0.00' 
e 2 9  6143 250114 OI00 OIOO OIOO - 
I78 27e61 2 5 0 e 1 8  # e o 0  OIOO OIOP 

O I O O  OtdO OIOO 

142 27.60 206143 OIOO OIOO o e o o  OIOO OIOO o*oo 
155 1189 323167 OIOO OeOO 0 4 0 0  OIoo  OIOO o m  
116 0100 313154 O t 0 0  OIOO OIOO OIOO oeoo @*@ 
e 0 8  0100 362116 OIOO OIOO O I O O  OIOO 0100 0*00 
6 0 5  14188 368170 O I O O  OIQO OIOl OIOO OIOO o*oo 

26 556191 93113 328153 OI00 OI00 OIOl  OIOO OeOO om 
28 611100 177134 289106 O I O O  O I O O  ,0102 
30 653+27 267199 251182 OIOO O I O O  Ot02 

OeOO 0100 (0103 O I O O  OIOO 

0100 0100 0103 oe00 O I O O  0147 
-36 735156 440144 230e67 0100 0100 0104 oeoo OIOO 3 3 1  

, 313 ~ 4 2 ~ 9 8  46iIa 2 m i  OIOO OIOO o m  OIOO O I O O  6*22 
' 40 744e62 477196 312+71 0100 0100 0107 O I O O  OIOO 9138 

42 748131 488621 355144 O e O O  O e O O  Oe08 O+OO O*OO 1330 
44 752105 497184 398e11 O I O O  O I O O  OtlO OIOO OIOO 1a45 
46 759S2 MJl -409J6 OIOO o e o o  4112 O*OO oeoo 2 3 ~ 7  

Y 48 7 6 9 m  584x2 4 2 ~ 8 4  O I O O  OI00 0115 OIOO OIOO 29*31 
50 %?4 612e59. 44s.q OIOO OIOO 0118 .oIoo OIOO 36*12 

56 9 0 4 ~ 6  7oi14e 

52 Woe46 632100 471e84 O e O O  QIOO 0122 
54 856129 M e 3 0  456151 

- 50 934*05 73830 
60 932.18 m e 9 1  Q - 
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- .  
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TABLE 4 1  
RSERVOIWINJECTION YATER MXTURES 

(S04-e ION C O N 0  (Wl) OF INJECTION WATER * 204800) W w 

XIWJ 
Y 8aS04 SrSM 

0 0000 0000 OI00 
2 0000 0 0 0 0  0000 
4 Ob00 0000 0000 
6 0000 0 0 0 0  0 0 0 0  0000 @too 0000 
8 Po00 0000 .0060 0000 '0100 OtM 

Y 0.w ot00 0000 O b 0 0  0000 OtOO 
5 0000 0000 0000 0000 0 0 0 0  OtOO 

0000 0000 0000 0 0 0 0  0 0 0 0  OtdO 0000 0000 O t 0 0  
*, OIOO 0 0 0 0  0000 0000 otoo Ob00 
f '  

0000 0000 4.00 btOd 0 0 0 0  4.w 0000 0 0 0 0  0000 
20 O b 0 0  0000 0000 0000 OIOO ' OtOO OtOO OI00 0000 0 0 0 0  O I O O  0 0 0 0  
22 OI00 0000 0000 0 0 0 0  0 0 0 0  OtOO otdo 0.00 OtOO 0000 O t 0 0  0000 

0.13 0000 OtOO 0000 0000 OtbO 
0 0 0 0  0 0 0 0  0 0 0 0  2t70 0000 OoOO 

28 OIOO otoo 0000 1013 OoOO 0000 2.81 0.00 0.00 
30 0 0 0 0  0 0 0 0  0000 3027 0000 OtOO 1043 0 0 0 0  OtOO 2*91 0000 OtOO 
32 0000 0000 0000 5178 0000 0100 1.51 OtOO O I O O  3103 0000 0000 
34 0.00 0000 0100 7.67 0000 0 0 0 0  1463 0 0 0 0  OtOO 3.18 0000 0000 

1 0 7 2  0000 O I O O  3036 0000 0000 

40 0000 0000 0000 1.34 0100 0 0 0 0  1.88 0 0 0 0  0000 3067 0000 0 0 0 0  
42 0000 0000 0000 OI00 0000 0 0 0 0  le62 0000 0.00 3.85 0100 0100 

V 

w 
4.71 0 0 0 0  0100 
3t01 0000 0000 1.80 0.00 0.00 3.51 0000 0000 

44 0000 0000 0000 0 0 0 0  OtM 0000 0 0 0 0  0000 
OI00 0 0 0 0  0000 16 0000 0000 0000 0 0 0 0  0 0 0 0  

18 0100 0000 OtOO 0000 0000 0000 0 0 0 0  OIOO otoo 0008 0000 om 
50 0000 0000 0 0 0 0  0000 0 0 0 0  0 0 0 0  OI00 ot00 ot00 0000 0000 0000 

s4 ot00 OI00 0 0 0 0  0 0 0 0  0000 a 0 0 0  

0 0 0 0  0000 0.00 

Y 

52 OIOO 0000 OIOO 0000 0.00 0 0 0 0  OtOO 0000 0000 0000 0000 bo00 

76 O o b O  0100 
78 ' 0 0 0 0  0.00 
80 0000 0100 

86 0100 0100 21.49 -u 88 0,000 0000 24046 
90 OtOO 0 0 0 0  
92 0100 0 0 0 0  2.44 0000 0000 . 

94 0.00 aooa 46.00 I70 0 0 0 0  0000 1I50 O I O O  O I O O  

96 0100 0 0 0 0  ( 5 1 0 6 3  0088 0.00 0000 

Inn n.M 6.60 95.74 0.00 0000 109153 O I O O  OIOO 0000 Ob00 0.00 OIOO 

v 
98 0000 0 0 0 0  83080 0020 0000 0.00 0.44 OtOO 0100 
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TABLE 42 

RSERVOIWIWJECTION UATER HIXTURES 

Ml4- ION WNC. lr9/1) OF THE INJECTIOtl MTER = 1024.0) 
bd’ 

Y 

PRECIPITATION trs/l) 

Z l J  SEMND FLASH 
Bas04 SrSM Easo4 . Bas04 SrSM Cas04 SM SrsO4 Cas04 

Y 0 0000 0000 0 0 0 0  0.00 0.00 0000 
2 0000 0000 0 0 0 0  0.00 0.00 0000 0000 0.00 0000 
4 0000 0.00 0.00 0000 0.00 O I 0 0  

e 0 0  0.00 0.00 
0 0 0  0.00 0000 
.00 0.00 0000 

0.00 0.00 0000 
a000 0100 0000 
040 0.00 0.00 

18 O t 0 0  0000 O t 0 0  0000 Ot00 0.00 a.00 0.00 0.00 
20 0.00 0.00 0.00 0.00 0.0g 0000 0.00 0.00 0000 0000 0.00 0.00 
22 a.oo 0.00 0.00 0.00 0000 0000 0.00 0.00 0.00 0.00 0000 0 0 0 0  

26 0.00 0.00 e o 0  0.10 0.00 6.00 
28 0.00 0.00 e 0 0  2163 0.00 0000 1.09 OOW 0.00 
30 0000 Oq00 0000 4.91 0.00 0600 
32 0000 0000 0.00 7054 0.00 #Io0 2.33 0000 0 0 0 0  
34 a.00 0.00 0 ~ 0 0  . %45 0.00 0.00 1.26 0.00 0.00 2.45 0000 0.00 
36 0000 0.00 O I 0 0  6058. 0000 0.00 . 1033 0.00 0.00 2060 0.00 0100 
38 0.00 0.00 0.00 4.84 0.00 0.00 1041 0.00 0.00 2076 0.00 0.00. 

t 20% O,OO 0000 40 0000 O t 0 0  0.00 3.07 0000 0000 
42 0.00 0000 0.00 1.22 0.00 0 0 0 0  3.18 0.00 0.00 
44 0.00 0000 0.00 0.00 OtOO otoo 1.07 0.00 0.00 3.45 0.00 0.00 
46 0000 0.00 . 0000 0.00 0 0 0 0  0.00 .oo 0.00 0.m 2.93 0.00 0000 

0.00 0.00 0.00 1.12 0000 0.00 48 0000 0.00 0.00 
0 0 0  0.00 0.00 ,0100 0.00 0.00 6.00 0.00 0.00 

0.00 0000 0.00 0.00 0.00 0.00 0000 0.00 0000 
54 0.00 0.00 O I 0 0  0000 0000 0000 o*oo 0.M 0.00 0000 0.00 0.00 

Y 24 0.00 0.00 0.00 0 0 0 0  0.00 0.00 

V 

0 

56 0 0 0 0  0 0 0 0  0 0 0 0  0.00 0.00 O.# O*# 0.00 ot00 
- 58 0.00 0 0 0 0  ~ . 0 0 . 0 0  

60 0 0 0 0  0.00 0.00 
62 0.00 0*00 0.S . 0.00 _ -  - 

e13 0.00 0.00 
88 0000 0.00 0.00 0000 0000 0.76 0000 0.00 5.97 0.00 0.00 

0 0 0 0  0.00 0.00 1.81 0000 0.00 4.24 0000 0.00 
92 O;OO 6.00 31.76 0198 ‘0.00 0.00 1.34 OtOO 0.00 2.88 0000 0.00 
99 0.00 0 0 0 0  3 5 0 7 9  le59 0.00 0.00 4.88 0.00 0.00 1.90 0.00 0.00 
96 0000 0000 45.12 1.93 0.00 0.00 0.57 6.00 0000 1.21 0.00 0.00 
98 0.00 0.00. 59.01 0.32 6.00 0.00 0169 0.00 0100 
00 0.00 0 0 0 0  77.30 0.00 0 0 0 0  OCDO 

Y 
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TABLE 43  

~ X J U I ~ J E C T I D N  UATER fiIXNRES 

W4- ION W N C b  ( d l )  OF THHE IWJECTION WATER = 1024bO) 

./- 

. 0 a b 0 0  0000 at74 

OtOO . O b 0 0  0000 
O I O O  0000 O b 0 0  

OtOO O d O  OeOO . -  

OeOO O b 0 0  040 
de00 O b 0 0  0000 
0 0 0 0  O e 0 0  OeOO 

16 O b 0 0  0000 232e17 O b 0 0  0 0 0 0  O b 0 0  0000 OeOO OeOO 
18 0100 O d O  260197 ' 0 0 0 0  OtM OeOO 0000 0 0 0 0  0000 

O b 0 0  0.00 O I O O  O b 0 0  O b 0 0  O b 0 0  
CJ OeOO 0000 0100 OeOO O e O O  OeOO 

OB00 OeOO O b 0 1  O b 0 0  O b 0 0  OeOO 
0 0 0 0  0*00 OeOl. 0 4 0  040 OeOO 
O b 0 0  OtOO OIO2. O e o O  OeOO O e O O  

. 30 250.34 710% 230048 0000 O I 0 0  ,0*02 0 0 0 0  O b 0 0  O b 0 0  

32 29847 128.64 137178 OeOO OeOO . 0.03 OIOO O b 0 0  0000 
W . 34 346e91 1410% 177.05 . OeOO OtOO 0103 0000 O b 0 0  O b 5 2  

36 395e08 1 2 3 4  189;89 0000 O b 0 0  0104 O b 0 0  OeOO 3S4 
O e O O  O e O O  0'05 OeOO O b 0 0  be25 
O b 0 0  OeOO O b 0 6  O b 0 0  0100 9 4 1  

0 0 0 0  OtOO 13eS1 
0000 O b 0 0  18e13 

Y 46 4 4 7 e 3 8  108e90 182e74 0000 OeOO 23e30 
48 493.59 lS7192 143.61 O I O O  O b 0 0  0615 O b 0 0  O e O O  29118 
50 7 3 3 e 8 4  214b02 102& OeOO 0000 35b86 
52 Me74 279.67 52.92 0.00 640  43e91 

1 

2.47 344,s O e o O  
3199 3 6 3 1  - 0100 - 

- . .  
0 0 0 0  0 0 4 2  OeOO ' 

I 

I 
I 1  

OeO9 029 0100 I 

OI# 0.24 0 0 0 0  0000 a 0 0 0  7O?on 
O b 0 6  0121 Q e O O  OeOO Oe00 800639 
O b 0 5  bel9 O e 0 0  OtOO 0 0 0 0  886e39 
O b 0 4  Ob18 O b 0 0  
0103 Oe16 O b O O  

0 4 0  OeOO 1060150 
OedO OeOO 1031b58 - 
A AR A M OC7 7S L .- 98 5648 S 7 e 8 2  0000 

._ 

I 
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TABLE 45 
RSERV~IWIUECTION UATER KIXTURES 

604- ION CONL (W1) W THf INJECTION MATER = S12oO) 
V W 

PRECIQIThTION (&l) 

ZINJ 
bSM StSM &SO4 BaSM SrSM Cas04 . 8aSM SrSM Cam 

rr 0 0000 0000 0 0 0 0  0 0 0 0  0000 0000 
0 0 0 0  0 0 0 0  0000 0000 0000 o r 0 0  
0000 0000 0000 0000 0000 0000 
0 0 0 0  0 0 0 0  0 0 0 0  0.00 040  0000 
0000 0 0 0 0  0000 0 0 0 0  0000 0 0 0 0  
0000 0 0 0 0  o r 0 0  0000 OtOO 0 0 0 0  

12 0000 0 0 0 0  0000 0.00 0000 0 0 0 0  . 
0 0 0 0  0 0 0 0  0000 o r 0 0  0000 0000 

16 0000 0000 9.00 0 0 0 0  0000 0 0 0 0  0000 0000 0000 
18 0000 0000 0 0 0 0  0000 0 0 0 0  0 0 0 0  0 0 0 0  0 0 0 0  0 0 0 0  

o r o o  a 0 0 0  0000 0000 0000 o m  
0 0 0 0  0 0 #  o r 0 0  

U 0000 0000 0 0 0 0  

14 0000 OdO 0000 

0.17 0 0 0 0  0000 
3.15 0000 O r 0 0  

30 0 0 0 0  O r 0 0  OrM 5060 O A O  0 0 0 0  o r 9 8  0 0 0 0  0 0 0 0  
32 0.80 O*OO 8638 0000 Or# 1000 0000 o r 0 0  
34 0000 0000 10841 0000 6 0 0 0  1.07 0000 O r 0 0  

Y 7066 0000 0 0 0 0  
6.06 0.00 0.00 

I 

1009 0.00 0 0 0 0  
46 0000 0000 0 0 0 0  o*oo 0 0 0 0  0 0 0 0  

50 0000 0000 0 0 0 0  0 0 0 0  0000 
v 4a 0 ~ 0 0  0 ~ 0 0  oroo 

52 0.00 0000 Ob00 or00 0000 
54 0000 o*oo 0000 
56 0000 0.00 0000 

' - 5 8  0 0 0 0  0 0 0 0  3000 
60 0 0 0 0  0000 Or# 
42 0000 0000 o s 6  

0000 0000 - 0 0 0 0  

6 ~ 1 8  0 0 0 0  0 0 0 0  

4+61 O a 0 0  0 0 0 0  
3.21 0000 0000 
2021 0 0 0 0  0 0 0 0  
1 ~ 4 8  0000 0000 
O m  o r o o  O I O O  94 0100 0000 31023 ifon OrOO 0000 

96 O,OO 0000 38.47 8063 0000 OIOO 0065 0000 Or00 
" 98 0000 0000 49011 5036 0,OO SO4 . Ot30 0.00 o*oo 0 d 3  OroO "0° 

W 

100 0100 0000 64923 0000 OrOO 121042 OtOO 0000 u6000 0,oo oroo 0.00 
- 
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v 
TABLE 47 

RSERWlIWINJECTION MATER HIXTURES 

604-  ION WNCI (Wl) OF THE INJECTION MATER = 

'bj r 

NWJ THIRD FLASH 
. .Barn  SrsM Cam Bas04 SrSM CaSM SrSM W O 4  
0 6000 0 0 0 0  OIOO 0000 0 0 0 0  0000 0.00 0 0 0 0  OIM 
2 OIOO 0 0 0 0  OI00  0.00 O t 0 0  OI00 
4 0000 OIOO 0000 0000 0 0 0 0  0000 IO0 OIOO - 
6 0 0 0 0  0000 0000 
8 too 0000 OI00  OI00 0000 o m  

10 ,00 0 0 0 0  0000 a.oo 0.00 oIdo 
0 0 0 0  0 0 0 0  0000 

CL, 

OIOO 0000 OI00  
OI00 OIOO 0000 
0000 0 0 0 0  0 0 0 0  

20 0 0 0 0  OIOO OIOO OIOO OIOO 0 0 0  I 0 0 0 0  OIOO OIOO OIOO 0000 0000 
22 0.00 OIOO 0'00 OIOO 0 0 0 0  ' dt00 O I 0 0  OIOO 0 0 0 0  OI00  bo00 

0 0 0  0.00 0 0 0 0  OIOO 

0 0 0  OOW 0.00 OIOO 

000 O I P P  0000 0000 
0000 OIOO 0000 SA7 OI00 0 0 0 0  0098 0 0 0 0  0100 

b 

0000 @Io0 0000 8+40 atoo 0 ~ 0 0  L O O  OIOO 0000 1.98 0.00 oIoo 
0000 0000 0 0 0 0  10143 0100 O o b o  1103 0000 0100 2001 OIOO 0000 

36 P*OO OIOO OIOO LO5 OIOO OIOO 2Ab OtOO 0000 

1 40 0000 0100 0100 5.02 OIOb OIOO 1010 OIOO 0 0 0 0  2*15 O I O O  0000 
42 0100 0100 0100 3.44 ' 0100 0 0 0 0  1017 (1100 00'00 2027 0100 0100 
44 OIOO 0000 0000 1188 0000 0 0 0 0  1 0 2 0  O I O O  0000 2141 0100 0000 

,G 38 0000 0000 OtOO 1.07 0000 0100 2010 0000 O I O O  

45 0 0 0 0  0 0 0 0  OIOO OI3l O I O O  040 lI27 0 0 0 0  0060 2654 Ob00 0000 
OIOO 

O I O O  

0 0 0 0  
0.00 
OIOO 

0 0 0 0  
O t 0 0  - 

n.nn - 

2.61 0100 
0195 OI00  
O I O O  0000 

aIoo 0.00 0.00 
56 0100 0100 0100 OIOO OIOO 0000 OIOO 0000 0 0 0 0  

00 OIOO 0 0 0 0  
0000 OIOO 

OI00  0000 0000 .0*00 OI00  

0 0 0 0  0 0 0 0  0 0 0 0  
0000 0100 OIOO 

0 0 0  0 0 0 0  OI00  

80 0000 0000 

88 1028 01 
5065 O I O O  0000 

1 0 5 6  o*oo OIOO 3 I 3 8  o m  O I O O  

2t24 0 0 0 0  0.00 - 
96 0100 OI00 31137 9192 0000 0100 le46 O+OO 0100 
97 0100 6.00 16.72 be40 0 0 0 0  9.91 Ow90 O e O O  0100 
00 0000 OIOO 0 0 0 0  O I O O  O I O O  OIOO 0,oo OIdO O I 0 0  OIOO O I O O  O I O O  



TABLE 48 
e 

RESERVOIR/INJECTION UATER )IIXTURES 

604- ION mco dsll) OF lHH€ ION UATER = 128tO) 

b 
PRECIPITATIOH (Wl) 

XINJ RESERVOIR 
BaSM SrSM 

ot00 0 0 0 0  0000 
0000 0 0 0 0  0000 
0000 0.00 0000 

v 

8 0000 0000 15071 
10 #I00 O O O O  19037 
12 OtOO otoo 

s 14 0000 0000 
16 0.00 0000 OtM) - otoo 0000 

20 at# otw) no25 0.00 0.49 0000 
22 0000 0 0 0 0  4 0 5 2  0 0 0 0  0 0 0 0  0.00 0 0 0 0  0 0 0 0  0000 
24 OtOO 0000 43036 0000 0000 0001 0000 0000 0000 
26 0000 0000 45080 0000 ot00 0.01 0.00 0 0 0 0  otoo 
28 0000 0 0 0 0  48025 0 0 0 0  0.00 0002 0000 0000 0000 
30 0000 0000 Sodo 0000 0 0 0 0  ’ 0602 0000 0000 0000 
‘32 0000 0.00 55.17 0 0 0 0  OtOO 9t03 otoo otoo 0000 

4 ,  18 0000 0000 0000 0000 0.00 

b 

34 0000 0000 55036 0 0 0 0  ot00 0003 
36 0000 0000 9034 0000 0 0 0 0  0.04 
38 0000 0 0 0 0  59009 0 0 0 0  0 0 0 0  0005 0000 OtOO 6.26 

41 36t17 OtOO 39081 0.00 OtOO 18.08 

i, 

1 40 0000 0000 60042 0.00 0.00 0.06 0000 0000 9040 
.42 0000 0000 60089 otoo 0000 0008 OiOO 0000 13049 

46 103094 0000 O t 0 0  ot00 0000 23004 
48 109089 0000 OtOO .0012 otoo 0000, OtOO OtOO 23083 
SO 115t81 0000 OtOO 0012 OtOO OtOO OtOO OtOO 24071 
52 121069 OtOO O t 0 0  0013 ~ 0000 0000 * 0000 Ot00  Bt53 

133027 0 0 0 0  0 0 0 0  0014 otoo 0 0 0 0  0000 0 0 0 0  26t95 
138*79 0 0 0 6  0.00 Otis’ Q o 0 0  0 0 0 0  

0017 OoOO 040 

v 

54 127.51 O t O O  OtOO 0014 000 O t o O  0000. OtOO 26.28 

__ 
143091 0000 0.16 0.00 0.00 

0018 OtoO 0.00 

e, ’ 62 148t88 0000 

<V 0033 0.00 0 0 0 0  
88 181066 OtOO 0000 0 0 3 5  0000 0 0 0 0  39t44 0 0 0 0  0000 
90 16837 0,OO OtOO 0035 0 0 0 0  0 0 0 0  39.96 0000 ot00 I 

92 148029 0000 0000 0033 0000 OtM st ia  otoo oOOO I 
94 118020 0000 0000 0028 OtOO 270% OtOO 0000 I 
96 79t31 otoo otoo OQ21 otoo 20018 0000 OtOO 
98 3i.n 0.00 0.00 0015 0 0 0 0  13t76 OtOO 0000 
100 0000 0000 otoo 0.00 otoo 0 0 0 0  0.00 0000 0000 - 



. ... 

W 
TABLE 49 

RSERVOIWINJECTIOtl UATER IIIXTURES 

6, 
Y 

pwcIPITcIfIoN ( h a ,  

ZIUJ fIRS1 FLASH sEcot0 Wl TllIRD FLASH BRINE DISCHARGE 
. BasM SrSO4 OSM &SO4 SrSO4 &SO4 Bas04 SrSO4 Cas04 Bas04 SrSM Cas04 

0 0 OIOO 0000 0 0 0 0  O I 0 0  OIOO ot00 6 0 0 0  0 0 0 0  O I 0 0  0000 OIOO 0.00 
2 O I 0 0  O t 0 0  ot00 0000 0000 0000 0000 OIOO OI00 . O o 0 0  0100 0000 - 
4 0.00 OIOO 0000 0 0 0 0  0000 OIOO 0100 0000 O I 0 0  otoo ot00 O I 0 0  
6 O*oO Ot00 0000 0 0 0 0  O t 0 0  at00 Ot00 0 0 0 0  0 0 0 0  OIOO OIOO 0 0 0 0  

' 8  OIOO 0000 OIOO otoo 0000 O I 0 0  0 0 0 0  0000 0.00 OIOO OIOO -0100 
10 O I 0 0  0 0 0 0  O I 0 0  0400 O I 0 0  0 0 0 0  0 0 0 0  0 0 0 0  O I 0 0  O t 0 0  0 0 0 0  0 0 0 0  

f$d 12 0000 OIOO 0000 ot00 0 4 0  0 0 0 0  OIOO O I 0 0  O I 0 0  OIOO 0000 0000 
1 14 0100 0000 0000 0 0 0 0  OI00 O I 0 0  OIOO 0000 O t 0 0  O I 0 0  OIOO ot00 

16 040 0*00 O*OO 0000 0000 O I 0 0  0000 #IO0 0000 0000 0000 . 0000 
18 0000 OIOO #I00 0 0 0 0  0 0 0 0  Ot00  0000 0000 OIOO OIOO OIOO OIOO 
20 OIOO OIOO 0000 0 0 0 0  0000 OIOO 0000 0000 0000 
22 O I 0 0  O I 0 0  om 0000 O I 0 0  0000 0000 0000 0 0 0 0  . 

ry 24 OIOO 0000 0000 OIOO 0000 OIOO 0000 0000 0000 0 0 7 5  0000 0000 
26 0100 0100 Ot00 0 ~ 4 6  0 ~ 0 0  0.00 On99 OeOO OIOO 2I01 otoo OIOO 
28 OIOO otoo 0000 3e13 O I 0 0  OIOO 0.99 0100 0100 2IOO OIOO 0 0 0 0  
30 0000 OtOO 0000 SI56 O I 0 0  0000 Ot98 OtOO 0000 itoo 0.00 O ~ O O  
32 0000 OtOO 0000 8139 OIOO Ot'OO 1006 0000 0000 le98 OtOO 0 0 0 0  
34 0 0 0 0  0000 OIOO 10041 0000 0000 1103 0 0 0 0  0*00 2001 O I 0 0  OIOO 

W 36 OIOO OtOO 0 0 0 0  7t85 be00 OIOO 1105 OIOO 0 0 0 0  2106 0000 0100 
I 38 otoo 0000 O I 0 0  6142 0100 0000 LO7 OtOO 0 0 0 0  2009 0000 OIOO 

40 0000 0000 0 0 0 0  St02 0000 OIOO 1109 0100 0000 2e13 0 4 0  0 0 0 0  

44 OIOO 0000 OIOO 2125 0,OO OtOO 2026 O I 0 0  0 0 0 0  
46 OtOO O I 0 0  0*60 0 0 7 5  O I 0 0  0 0 0 0  1118 0000 OtOO 2I36 0000 OtdO 

. 

42 0000 0000 O t 0 0  3065 0100 0 0 0 0  2*1a 0.00 om 

Y 48 O*OO oIoo o m  0000 b o o  OIOO 0152 0000 0000 2I39 OIOO O I 0 0  
50 0000 0000 O I 0 0  0 0 0 0  OIOO 0000 OIOO OIOO O I 0 0  lt30 0000 0 0 0 0  
52 ~ O t O O  0 0 0 0  ' 0000 - 0 0 0 0  OIOO O I 0 0  OIOO . OIOO 0.00 ' O I O O  

54 otoo 0000 0000 0000 0000 OIOO oIoo oIoo a.00 0.00 .-atoo oIoo 
56 0000 0000 !to0 otoo 0000 0000 0 0 0  0000 - 
sa 0.00 0.00 0.00 0000 '0100 ot00 0 0 0  OIOO - 

cd 60 . OIOO . OtOO 0 0 0 0  OIOO 0000 0 0 0 0  
0.00~ O t 0 0  .Ot00 

0 0 0 0  0000 ot00 

YP n OIOO . O t 0 0  1.44 O t 0 0  OtOO 
74 0000 0000 151 O e 0 0  0000 1058 0000 ot00 
76 OI90 OIOO 040 1t70 0 0 0 0  0000 
78 0 0 9 2  Oti lo 1*m 0000 0 0 0 0  
80 0.95 040  2.05 OtOO 0100 
32 0.93 0000 2134 Ot00 040 0 0 0  0000 . '  

v 84 lo05 OtOO 040 40162 0 0 0 0  0000 . 2t64 0 0 0 0  0 0 0 0  
86 1112 0 0 0 0  0100 450% 0000 0000 3115 0100 OIdO 4t93 0000 OIOO w - ;; it26 '0.00 0.00 52.24 O*OO om 4.01 0000 I 0000 9118 0000 OtOO 

1.30 0000 0100 VI45 0.00 OIQO 4095 0000 0100 12012 0100 OtOO 
92 1017 0000 OtOO 49.74 OtOO OIOO 3092 0000 0100 9125 0 0 0 0  0100 - 
94 0182 0 0 0 0  0100 33.73 0000 0000 2027 0100 0100 5.03 0100 0000 

b 96 0156 0100 0100 21134 0000 0 0 0 0  1038 OIOO OIOO 2.97 0100 0000 
98 0136 0000 0000 13146 OtOO 0000 O I 8 5  0 0 0 0  0000 1084 O t 0 0  0000 

100 OIOO OIOO 0000 OIOO OIOO OIOO OIOO 0 0 0 0  OIOO 0000 OIOO OIM 



X I U  RESERVOIR SKIW ' YELLHEAD 
BaSM SrS04 CaSM BaSM St804 kSM !am srm CasM 

O 0000 0.00 0074 0000 0.00 0.00 0000 0000 .o.oo 
0 2 0000 0000 2.71 0.00 0.00 0.00 0.00 0 0 0 0  0.00 

4 OtOO 0.00 4066 0 0 0 0  0.M 0.00 0.00 0000 0 0 0 0  
6 0000 0000 6 0 5 7  0000 Qt00  b o o  0.00 0000 0.00 
8 0 0 0 0  0.00 8.46 OI00 O.00 0.00 0000 , 0.00 0.00 
10 0100 0.00 10.30 0.00 0.00 0.00 0000 0 0 0 0  0.00 
12 0.00 0.00 12012 0.00 OtOO 0.00 0.00 0000 0.00 

0000 0.00 0.00 
16 0.00 0.00 15.68 0.00 0.00 0.00 0.00 OtOO 0.00 
18 0 0 0 0  0000 17041 0 0 0 0  0.00 O.00 0.00 0.00 0.00 
2O 0.00 0 0 0 0  19012 0 0 0 0  0.00 0.00 0.00 0.00 0000 
22 0000 0.00 20.58 0.00 O b @  0 0 0 0  0000 OIOO 0 0 0 0  
24 .O.OO O00O 21060 0000 0000 0.00 0000 0000 0000 

Y 26 OtOO OtOO 22023 0.00 0.00 0.01 otoo 0.00 0.00 
28 0100 0.00 22.86 0.00 0.00 0.02 0000 OoOO 0.00 - 

0.00 0.00 0.00 30 0100 OtOO 23.66 0.00 0.00 0.02 
32 0100 0 0 0 0  24.16 0.W OtOO 0.03 0000 0 0 0 0  0 0 0 0  
34 0000 0.00 24.54 0.00 0.00 0.03 0.00 0.00 0.58 
36 dtOO 0.00 24071 0.00 0000 0.04 0000 0 0 0 0  3.56 
38 0100 0.00 24.65 0000 OtOO 0.95 
40 0000 0000 24.17 0.00 0000 0.06 
42 0.00 0100 22083 0.00 0.00 0.08 0.00 0.00 13*49 
44 0000 0.00 21.02 0.00 OI O O  0.10 Q.00 18108 

i 0000 0.00 O O O O  14 Ot0O 0,OO 13.91 &W 

. _  

v 

46 34.22 0 0 0 0  0.00 ' 0.11 0.00 0.00 0.00 0 0 0 0  21.88 
48 37t23 0.00 0.00 0.11 0.00 0.00 0000 0.00 2 2 0 5 5  

U 50 40.22 0000 0 0 0 0  0012 0.00 0.00 0000 0 0 0 0  230% 
52 43t19 0 0 0 0  . O o #  0000 0.00 24.01 
54 46.13 0.00 OIOO 0000 0000 24.61 
56 49103 0000 0000 
58 51.73 0.00 - 0 0 0 0  0014 0.M 0.00 

ei? 0.16 btdO 0000 
0.15 0000 0.00 

0000 0.00 25.26 
000 0.00 24013 

Y 

.0.21 0.00 0.00 

24.36 0.00 0000 

v 0.24 0.00 0 0 0 0  -. 
0.28 0.00 0.00 ' 29.61 0.m 0.00 
0.30 0.00 0.00 31.71 '0,W 0.00 
0.31 OoOO 0.00 32.54 0.00 0.00 
0.31 OtOO OO@ 33067 #IO0 0.00 - 
0.29 0.00 0.00 30.07 0.00 0.00 
0.24 0.00 0.00 22.95 0.00 0.00 

loo 0.00 0.00 0.00 a.oo 0.00 0.00 0.00 O I O O  0.00 
- 



Y TABLE 5 1  
RSERUOIWIWJEeTION MATER QXTUE5 

W4- ION WNCI (rs/l) of THE INJECTION UATER = 64*0) 

0000 O I 0 0  OIOO 
0 0 0  O I O O  o m  

0.00 0000 QI00 000 0 0 0 0  0 0 0 0  
I 0 0  0000 Ot00  
t20 OI00  0 0 0 0  



TABLE 52 
RSERUOIWINJECTION UATER NIXTURES 

6 0 4 -  ION CONCt (Wl)  OF THE INJECTION YATER = 32.03 
Y 

PRECIFITATION (e$/l) 

FIRST FLASH SECom FLASH THIRD FLASH ERIK DISCHARGE 
Bag4 SrS04 Cas4 Bas04 Srs04 QS04 Baa4 SrS04 Cam4 SO4 SrS04 kS04 

0 OIOO otoo 0.00 otoo OtOO 0.00 otoo OIOO 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 OtOO 0.00 0.00 ot00 0.00 - 
4 otoo OIOO 0.00 OIOO 0.00 o m  0.00 0.00 0.00 OtOO otoo ot00 
6 0.00 0.00 Ot00 o t a o  0.00 0.00 OtOO QtM OtOO 0.00 otoo 0.00 
8 0.00 otoo 0.00 0.00 OtOO 0.00 0.00 otoo 0.00 

10 0.00 0.00 otoo 0.00 om 6.00 
otoo 0.00 OIOO 0.00 otoo otoo 
0.00 a m  oIoo 0.M 0.00 OtbO otoo OtOO 0.00 

16 OtOO 0.00 OtOO 0.00 otoo 0.00 OIOO 0.00 o m  otoo ot00 0.00 
0.00 0.00- 0.00 0.00 0.00 o t o o  

OtQO 0.00 0.00 Ot00  otoo OtOO OtOO OtOO 0.00 
22 0.00 0.00 0.00 0.00 0.00 ot00 0.00 0.00 0.00 0.00 O t 0 0  0.00 - 
24 OtOO OtOO 0.00 0.00 OtOO QIOO otoo 0.00 otoo 0.74 0.00 OtOO 
26 0100 OtOO OtOO 0.45 OIOO O I 0 0  0199 0.00 OtOO 2.01 0.00 0.00 
28 OtOO 0.00 O t 0 0  3.12 0.00 040 0.99 0.00 0.00 2.00 0.00 0.00 

I 30 O t 0 0  0.00 0.00 SI56 otoo 0.00 0.98 0+00 OtOO 1.99 0.00 0.00 
32 0.00 OtOO 0.00 8.37 0.00 0.00 1.00 OIOO otoo 1.98 0.00 0.00 
3 0.00 0.00 10.35 OIOO ot00 1.03 0.00 OtOO SI01 otoo 0.00 
36 OIOO OIOO it05 otoo .OtOO 2t06 0100 OtOO 
38 0.00 0.00 OtOO it07 0.00 0.00 2.09 0.00 0.00 
40 OtOO 0.00 --1t09 0.00 - OtOO - 

42 0.00 0.00 3.61 0.00 OtOO 1.12 OIOO 0.00 
44 om otoo 2t21 6.00 0.00 
46 0.00 0.00 OtOO 2.21 0.00 0.00 

50 0.00 0.00 otoo .oo 0.00 0.00 0.00 0.00 OIOO it52 0.00 0.00 
52 O I 0 0  0.00 OtOO too 0.00 0.00 
54 QtOO OtOO 0.00 .00 OtOO otoo OIOO OtOO 0.00 
56 0.00 otoo 0.00 0.00 OIOO otoo 

O t O D  otoo om 
too otoo 4.00 
too OtOO ot00 

Y 

u 
- 

Y 

Y 48 OtoO OtOO 0.00 0187 0.00 OtOO 2.22 otoo 0.00 

- 

823 ‘OtOO OtOO 1.13 0 4 0  4.00 
.74 0.00 ot00 

00 0.00 4.10 1S02 0.00 0.00 
79 OtM 0.00 24.26 

76 0.69 OtOO OtOO 24190 2.58 Ot00  0.00 
78 0168 OtOO 24.62 O t 0 0  0.00 
80 0 ~ 6 s  0.00 24141 0.00 - ‘ O t O O  1.36 OIOO OIOO 

24t31 QtOO OtOO L44 O,OO O,OO 
0 24t41 0.00 OtOO 1t47 O t 0 0  OtOO 3.17 QtOO OtOO 

24196 0.00 0.00 1.52 O I 0 0  O t 0 0  3.25 0.00 Ot00 &) 88 O t 7 3  0.00 0100 25.95 0.00 OIOO 1.61 otoo o b 0 0  3t46 0.00 OtOO w 0.78 0.00 otoo m 9  0.00 0.00 1.75 0100 0.00 3.79 O t 0 0  otoo 
94 0.85 OtOO OtOO 35t17 O t 0 0  OtOO 2.41 OtOO 0.00 5.36 OtOO 0.00 
96 0.89 OtOO OtOO 39.97 0.00 otoo 3823 0.00 OtOO 7t50 0.00 0100 
98 Ot82 OIOO 0.00 37I94 0.00 O t 0 0  3t24 OeOO 0.00 7 4 6  OtOO O t 0 0  

. 92 0.84 OIOO O t 0 0  31t16 0.00 0.00 1.99 OtOO OtOO 4t35 0.00 o b 0 0  

I 100 OIOO 0.00 0.00 0.00 otoo 0.00 0.00 otoo 0.00 0,Oo O-aoO oboe- 



. . .  
3 

TABLE 53 
RESERVOIR/INJECTION UATER nIXTURES 

(S04- ION CONCI (&l) OF WE INSCTION WATER = 32tO) 
W w 

PRECIPIThTION tU/l) 

XI RESERVOIR SKIN YELUSEAD 

U 0 0100 O I O O  0174 OIO O  O I O O  O I O O  OIOO OtOO O I 0 0  
2 O I O O  O I O O  1181 0100 OIOO O I O O  O I O O  O I O O  OIOO 

4 0100 0100 2184 O I O O  O I O O  OIOO ot00 O I O O  O I O O  

6 0100 0900 3 6 8 5  at00 O I O O  OIOO 

O I 0 0  OtOO OIOO 

OIOO OIOO OIOO OtOO OIOO OI00 
Y OIOO OIOO OIOO OIOO OIOO OIOO 

OIOO OtOO OtOO otoa am O*OO 
O I O O  OIOO OIOO otoo OIOO O I O O  

18 O I 0 0  O I O O  9*25 O I O O  o m  O*OO* ' t O I O O  OtOO OtOO 
20 OtOO 0100 10*06 otoo OIoQ O I O O  OIOO OIOO OtOO 
22 O I O O  0100 OIOO OIOO OIW otoo OIOO O I O O  

Y 24 0100 OIOO 10172 0100 0100 0101 o m  O I O O  OIOO 

26 0100 0100 10844 OIOO O t 0 0  O I O l  OtOO OIOO ot00 
28 0100 0100 10117 OIOO O I O O  0102 O I O O  O I O O  O I O O  

30 O I 0 0  0100 lO&O OIOO OIOO OIO2 O I O O  O I O O  OIOO 

32 0100 0100 9166 0100 OtOO 0103 O I O O  OtOO OIOO 

34 0100 6*OO 9t13 OtOO O I O O  Oto4  
W 36 0100 0100 8e39 0100 0100 0104 

38 O I 0 0  O I O O  O I O O  O I O O  Ot05 
40 0100 OaOO 0100 0100 0106 0100 0100 9140 
42 0100 0100 3180 OIOO. OIOO 0108 0100 0100 13e49 
44 0100 5tOO la08 O I O O  O I O O  O I l O  O t O O  0100 18.07 
46 040 OI 0 0  OtOO OIOO O I O O  O I O O  OtOO O I O O  2 0 I 9 5  

U 18 0184 Oe00 OIOO O I I l  O I O O  O I O O  to0 0100 21196 
50 2I35 O I O O  OI00  Otll O I O O  O I O O  100 0100 22168 
52 t85 O+OO OtOO 100 0100 23131 

100 0100 23185 
100 Qido 24*2? 

BaSO4 SrSO4 4 5 0 4  BaSM SrSO4 Cas04 Bas04 SrW Cas04 

60 8*99 OIOO 0*00 
62 9188 OeOO OIOO , 

21194 OIOO OeOO 
22I01 OIOO O I O O  

2248 OIO O  OeOO 
86 21I75 otoo O I 0 0  Ot23 O I O O  O&O 23d5 OtOO OtOO 
88 200174 OtOO 0100 0124 O t 0 0  OtOO 25t36 OtOO OtOO 
90 18.81 0100 0100 0126 0100 0100 26175 OtOO 0,OO 
92 16118 0800 OtOO Ot27. 0100 OIO O  27134 OtOO OtOO 
94 10.88 OtOO O I 0 0  O I 2 8  O I O O  Ot00 28t77 otoo otoo 

96 1I20 O I O O  O I O O  ot29 O I O O  OIOO 29t53 OtOO 0 4 0  
98 O I O O  OIOO O I O O  OtOO O I O O  OtOO 3133 OI o d  Oe00 

100 O I 0 0  O I O O  OIOO OIOO 0 4 0 0  OtOO O t 0 0  otoo O I O O  



Y 

TABLE 54 
RSERVOIR/INJECTION UATER HIXTURES 

(S04-- ION CONCt (Ml) OF THE INJECTION NATER = 16tO) 
‘b.) 

tr, 

PRECIPITATION (Wl) 

XINJ FIRST FLASH SECOND FLASH THIRD FLASH BRINE DISCHARGE 

v 0 O t O O  OtOO OtOO otoo otoo OtOO OtOO OtOO O t O O  OtOO otoo OtOO 
2 OtOO o t o o  otoo OtOO otoo OtOO otoo OtOO OtOO O t O O  OtOO o t o o  . 

4 OtOO otoo OtOO otoo OtOO otoo otoo OtOO OtOO otoo OtOO OtOO 
6 OtOO OtOO O t O O  OtOO 0.00 om OtOO OtOO otoo otoo OtOO O t O O  

8 OtOO OtOO OtOO OtOO otoo o t o o  otoo OtOO otoo otoo om OtOO 
10 o t o o  OtOO otoo otoo 0100 OtOO OtOO OtOO OtOO OtOO . OtOO 0100. 

Y 12 otoo o m  OtOO otoo O t O O  om OtOO o t o o  otoo otoo O t O O  otoo 

14 O t O O  OtOO OtOO OtOO OtN o t o o  otoo O t O O  otoo OtOO o t o o  o t o o  

16 OtOO OtOO OtOO OIOO otoo O I o o  otoo 0100 OtOO o t o o  OtOO otoo 

18 OtOO - -  ai00 3O;OO -- -- OtOO OtOO O t O O  O I O O  - otoo otoo otoo o t o o  otoo 

20 OtOO otoo OtOO o t o o  otoo otoo OtOO OtOO otoo otoo otoo OtOO 
22 O t O O  o t o o  o t o o  OtOO o t o o  O I O O  otoo otoo OtOO otoo o t o o  OtOO 

v 24 OtOO OtOO OtOO otoo otoo OtOO OtOO OtOO otoo Ot74 Ot.00 OtOO 
26 OtOO 0100 OtOO Ot45 OtOO OtOO Ot99 OtOO OtOO 2t01 O t O O  0100 
28 OtOO OtOO OtOO 3112 OtOO OtOO Ot99 OtOO OtOO 2tOO otoo otoo 

30 OtOO OtOO OtOO 5t55 OtOO otw 0198 OtOO OtOO 1t99 OtOO OtOO 
32 O t O O  OtOO 0100 et37 o t o o  otoo l t O O  otoo OtOO it98 OtOO OtOO 

Baa4 SrS04 Cas04 Bas04 SrSO4 Cas04 BaSM SrSO4 Cas04 BaSM SrS04 QS04 

34 . 0.00 OIOO otoo 10134 OtOO OtOO it03 OtOO OtOO 2t01 OIOb otoo 

38’ O t O O  OtOO OtOO 6t38 OtOO OtOO 1t07 OtOO OtOO 2t09 OtOO OtOO 
40 OtOO OtOO O I O O  4t98 OtOO OtOO 1t09 OtOO OtOO 2t13 OtOO OtOO 

42 OtOO O t O O  OtOO 3t61 OtOO OtOO 1t12 OtOO dt00 2t18 OtOO OtOO 
44 OtOO OtOO otoo 2t34 OtOO OtOO LlO OtOO OtOO 2t21 o t o o  o t o o  

46 OtOO OtOO OtOO it13 OtOO . OtOO 1,lO OtOO O t O O  2t21 0100 - +too 

Y 48 OtOO OtOO OtOO otoo otoo o t o o  0.87 OtOO OtOO 2t22 otoo otoo 

V 36 OtOO O t O O  O t O O  7t81 OtOO OtOO 1t05 OtOO OtOO 2t06 OtOO OtOO 

50 otoo OtOO o t o o  O t O O  OtOO OtOO OtOO . OtOO otoo 1t52 OtOO OtOO 
52 OtOO OtOO OtOO otoo o t o o  o t o o  OtOO OtOO otoo 0113 OtOO OtOO 
54 o t o o  o t o o  OtOO o t o o  o m  otoo Otoo -0100 otoo otoo otoo 

56 o t o o  otoo o t o o  ’ OtOO otoo 

58 O t O a  0,tOO OtOO ’ otoo OtOO o t o o  

Q 60 OtOO ,5tW OtOO otoo otoo otoo OtOO o t o o  o t o o  , 

62 0100 OtOO Ot56 otoo OtOO OtOO OtOO otoo OtOO 
64 OtOO OtOO 1t24 OtOO OtOO otoo OtOO O t O O  OtOO 0400 OtOO OtOO 
66 OtOO OtOO it80 otoo OtOO o t o o  OtOO OtOO o t o o  1t76 OtOO OtOO 
68 OtOO OtOO 2t4b 2t32 O t O O  OtOO 1t12 otoo o t o o  

70 OtOO OtOO 3t23 7t84 OtOO 0100 
0 72 OtOO O t O O  3t99 15t21 OtOO OtOO 

74 Ot76 0100 OtW 23t38 OtOO O t O O  lt17 OtOO 0100 
76 Ot67 OtOO OtOO 23t89 O t O O  OtOO . it20 OtOO OtOO 247 OtOO OtOO 
78 0166 0100 0;OO 23t51 OtOO OtOO it24 OtOO OtOO 2t55 OtOO OtOO 

23a17 OtOO OtOO i t 2 9  o t o o  Otoo 2 4 5  OtOO OtOO 80 Ot65 OtOO OtOO 
82 0164 OtOO OtOO 22t91 OtOO OtOO ~ it35 OtOO OtOO 2*78 OtOO otoo 

Y 84 Ot64 O t O O  OtOO 22b81 OtOO OtOO 1.37 OtOO OtOO 2t94 OtOO OtOO 
86 Ot64 OtOO OtOO 23t06 OtOO OtOO 1t40 OtOO OtOO 2t98 otoo OtOO 

t, 88 Ot67 OtOO OtOO 2343 OtOO OtOO it45 O t O O  0100 3t11 OtOO ’ OtOO 
90 0171 OtOO 0100 25t02 OtOO OtOO lt54 OtOO OtOO 3t32 OtOO OtOO 
92 0!76 OtOO OtOO’ 27t19 OtOO OtOO 1t69 OtOO OtOO 3t67 OtOO 0.00 
94 Ot76 OtOO OtOO 29t84 OtOO OtOO 1t94 0,OO OtOO 4t25 OtOO OtOO 

w 96 Ot82 OtOO OtOO 2t48 0100 OtOO 5154 otoo 0,OO 
98 9 t O O  OtOO OtOO 3t19 0300 O t O O  7t67 Ota! OtOO 

100 otoo otoo otoo 0,OO otoo otoo otoo otoo o t o o  otoo 0400 OtOO 



W 

TABLE 55 
RESERVOIR/IN JECTION UATER ttIXTURES 

(S04-e ION CONCt (Wl)  OF THE INJECTION UATER = 16tO) W w 

PRECIPITATION ( I d 1  1 

XINJ . RESERVOIR SKIN WELLHEAD 
BaS04 SrS04 Cas04 Bas04 SrS04 Cas04 BaS04 SrSO4 CaS04 cy 

0 OtOO OtOO Ot74 otoo om otoo otoo otoo otoo 
2 otoo Otoo 1t35 otoo otoo otoo o t o o  o t o o  o t o o  

4 O&O O t O O  1.94 0100 otoo otoo o t o o  o t o o  otoo 

6 OtOO OtOO 2t43 otoo Otoo otoo otoo o t o o  o t o o  

8 OtOO OtOO 3t02 otoo otoo otoo 4tOO OtOO OtOO 
10 OtOO otoo 3t50 vtoo Otoo otoo o t 0 0  otoo otoo 
12 OtOO OtOO 3t96 otoo otoo otoo otoo otoo otoo 
14 otoo Otoo 4t39 otoo Otoo otoo otoo otoo otoo 
16 OtOO OtOO 4t80 otoo otoo o t o o  otoo OtOO otoo 
18 Ot# OtaO St17 otoa om om OtOO QtOO O t O O  

VtOO OtOO St52 OtOO OtOO OtOO . otoo otoo OtOO 
22 OtOO OtOO St62 Otoo 0100 OtOO OtOO 0.00 otoo 
24 OtOO OtOO t 2 a  OtOO otoo OtOl OtOO otoo otoo 
26 OtOO OtOO t 5 5  otoo otoo OtOl otoo OtOO otoo 
28 OtOO OtOO 3t82 OtOO otoo 0102 Otoo otoo otoo 
30 OtOO O t O O  3t20 Otoo otoo 0102 otoo OtOO OtOO 
32 OtOO OtOO 2t41 OtOO OtOO 0103' otoo 9too OtOO 
34 otoo otoo 1t42 OtOO O t O O  Ot04 OtOO OtOO 0159 
36 OtOO OtOO Ot23 O*OO OtOO 9t04 otoo OtOO 3t57 
38 otoo Otoo o t o o  o t o o  otoo OtOO otoo Otoo 5100 
40 OtOO OtOO OtOO otoo otoo OtOO OtOO OtOO 6t12 

OtOO otoo otoo OtOO OtOO 7t21 
44 PtOO otoo OtOO o t o o  otoo otoo OtOO OtOO. 8t28 
46 I otoo otoo Otoo 0.00 otoo otoo QtO OtOO 9132 
48 otoo . otoo .otoo otoo o t o o  0.00 OtOO OtOO lot43 
50 otoo otoo otoo Otoo OtOO OtOO 0900 0.00 11462 

Y 

V 

W 

Y 

otoo otoo otoo OtOO 040 12t71 
Otoo Otoo Otoo O t O O  OtOO 13170 

otoo Otoo otoo 0.00 OtOO 15132 
too otoo otoo otoo 0.00 _otoo OtOO Otdo 15t87 
t o o  otoo otoo otoo otoo o t o o  

otoo otoo ' o t o o  

OtOO Otoo otoo OtOO Ot# 13t49 
0.00 otoo OtOO 
otoo om o t o o  

OtOO Otoo o t o o  

OtOO Otoo -0100 om om 1 4 ~ 8  
$9 

9 
om otoa om 
otoo otoo OtOO 9t10 OtOO OtM 
otoo OtOO. otoo 10.13 OtM * O t O O  
otoo otoo . otoo 11t07 OtOO OtOO 
otoo OtOO otoo 11t89 OtOO OtOO 
otoo otoo 0,oo 12t55 OtOO OtOO 

86 Otoo otoo o t o o  OtOO OtOO OtOO 12t97 OtOO OtOO 
0100 otoo otoo 12t97 OtOO OtOO 

12910 OtOO OtOO 90 OtOO OtOO OtOO 
92 otoo otoo otoo otoo otoo otoo 10118 OtOO OtOO 
94 OtOO otoo otoo otoo OtOO otoo 7t08 OtOO OtOO 

V 96 OtOO OtOO OtOO otoo otoo otoo 0.66 OtOQ O t O O  

-98 otoo otoo otoo 0.~30 otoo o t o o  otoo otoo OtOO 
4 AA A AA n AA A AA n AA A nn n AA A AA A AA n An 

Y 

ru 88 



00'0 00'0 00'0 00'1) 00'0 00"O 00'0 00'0 00'0 86 
00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 96 
00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 t6 fi 
00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 26 
00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 06 
00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 88 

00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 /OO'O t8 
00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00' 28 6 
00'0 ' 00'0 00'0 00'0 00'0 OO.'O 00'0 00'0 00'0 08 
00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 82 

00'0 00'0 00'0 . 00'0 00'0 00'0 91 
* 00'0 00'0 00'0 90'0 00'0 00'0 tL 

00'0 00'0 00'0 00'0 00'0 00'0 ZL 
00'0 0040 ,oo*o 00'0 00'0 00'0 00'0 00'0 00'0 OL CI 
8t'Z 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 89 
LO'S . 00'0 0040 00'0 00'0 00'0 OOro 00'0 00'0 
99'9 00'0 00'0 00'0 00'0 00'0 00'0 00'0 ' 00'0 
S8'i 00'0 00'0 00'Q 00'0 00'0 00'0 00'0 00'0 
P2'8 00'0 00'0 00'0 00'0 00'0 00'0 06'0 00'0 ' 09 

b'i 00'0 00'0 00'0 00'0 QO'O 00'0 00'0 o0:o 85 Q 
t'i 00'0 00'0 00'0 00'0 00'0 00'0- 00'0 00'0 9s 

S8'9 00'0 00'0 d'0 00'0 00'0 
21'9 00'0 00'0 00'0 00'0 00'0 
82's 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 os 
9vt 00'0 0040 00'0 00'0 00'0 00'0 00'0 00'0 8i 
OS'P 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 9k (1, 
ZL'Z 00'0 00'0 00'0 00'0 00'0 00'0' 00'0 00'0 tt 
16'1 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 It 
10'1 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 or 
U'O 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 8E 
00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 9P 

00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 ZP 
00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 Of 
00'0 00'0 00'0 20'0 00'0 00'0 S9'0 00'0 00'0 82 
00'0 00'0 00'0 10'0 00'0 00'0 19'1 00'0 00'0 92 
00'0 00'0 00'0 00'0 00'0 00'0 LS'Z 00'0 00'0 ti! 
00'0 00'0 00'0 00'0 00'0 00'0 PI'P 00'0 00'0 a A 
00'0 00'0 00'0 00'0 00'0 00'0 SZ'C 00'0 00'0 02 
00'0 00'0 00'0 00'0 00'0 00'0 H'E 00'0 00'0 81 
00'0 QO'O 00'0' 86'2 00'0 00'0 91 

- 00'0 00'0 - -00'0 08'2 00'0- 04'0 tl 
00'0 00'0 00'0 00'0 00'0 00'0 09'2 00'0 00'0 21 

00'0 00'0 0040 00'0 00'0 00'0 11'2 00'0 00'0 8 
00'0 00'0 00'0 00'0 00'0 00'0 18'1 00'0 00'0 9 
00'0 00'0 00'0 00'0 00'0 00'0 8t'I 00'0 00'0 t 
00'0 00'0 00'0 00'0 00'0 00'0 ' tl'i 00'0 00'0 2 
00'0 00'0 00'0 00'0 00'0 00'0 tL'O 00'0 00'0 0 

00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 98 pt 

00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 00'0 #E A 

00'0 00'0 00'0 00'0 00'0 00'0 LP'Z 00'0 00'0 OT fi - 

toSg3 tOsJS MSeg tag3 WSJS tow tom tOSJS toS18 (1 
(IWIHll3fl NIS MIMtl33l rm 

(I/W HOIlWlIdI33id 

(0'8 = M31W N0113%WI 3HHI A0 (I/W '3403 HOI --#OS) f-9 
S3MlXIW M31Vfl NO1133fHI/MIO~M3S3Y , 

9s 3TBYlIJ 

e 



w 
TABLE 57 

RSERUOIR/INJECTIOIl WATER MIXTURES 

(S04-- ION CMCt (&l) OF THE INJECTION UATER = 8tO) 
LJ * 

fVECIPITITIOtI (Wl) 
\ 

%INJ FIRST FLASH mom FLASH THIRD NLSH BRINE DISCHARGE 
Bas04 SrS04 bS04 BaS04 SrsO4 Cas04 Bas04 SrS04 OS04 BaS04 SrSO4 Cas04 

Ilr, otoo otoo otoo otoo OtOO otoo o t o o  o t o o  o t o o  

om o t o o  OtOO otoo o t o o  om Ot00 O I O O  OtOO 
4 o t o o  OtOO otoo otoo otoo otoo 0,oo Otoo om 0100 otoo otoo 

6 O t O O  OtOO OtOO om 0100 om OtOO otoo OtOO o t 0 0  OIOO o m  
8 o t o o  otoo o t o o  otoo otoo otoo otoo otoo 0600 otoo otoo otoo 
10 otoo o t 0 0  OtOO OtOO otoo o t o o  Otoo otoo OtOO 
12 otoo otoo otoo otoo o t o o  otoo 0.00 otoo OIOO 
14 OtOO 0100 0100 o t o o  o t o o  O I O O  #IO0 OtOO Ot00 
16 at00 OtOO OtOO otoo om otoo - ot00- otoo om - otoo otoo om 
18 0100 0100 0100 o t o o  otoo o t o o  otoo om otoo om otoo otoo 
20 otoo otoo OtOO otoo OtOO . o t o o  O I O O  OtOO OtOO otoo OtOO otoo 

22 #IO0 ot00 OtOO OtOO otoo OtOO OtOO otoo OtOO 
u 24 0.00 0100 0100 om otoo o t 0 0  0174 0100 OtOO 

26 OtOO OtOO OtOO 0145 OtOO Ot00 Ot99 OtOO O t O O  2t01 OtOO OtOO 
28 0100 0100 3632 OtOO OtOO 0199 O t O O  OtOO 2too otoo otoo 
30 OIOO OtOO 511s OtOO OtOO Ot98 OtOO OtOO 1.99 otoo otoo 
32 OtOO OtOO 0100 5161 OtOO 0100 l t p o  otoo otoo le98 OtOO 0100 . 
34 OtOO otoo Ot00 6t02 OtOO OtOO lt03 OtOO OtOO ' 2t01 OtOO O t O O  

V 36 otoo om Ot00 6t43 OtOO OtOO 1to5 ot00 o t 0 0  2t06 OtOO 0.00 . 

38 0100 OtOO b e 3 8  OtOO OtOO 2t10 Ot00 otoo 
40 0100 0100 4t97 OtOO OtOO 2t13 O*OO OtOO 
42 OtOO 0100 0100 3t61 OtOO OtOO 2t18 Ot00 0100 
44 ot00 otoo O I O O  2634 OtOO OtOO ltlO otoo OtOO 2t21 otoo otoo 
46 OtOO OtOO OtOO 1413 OtOO 0100 2t21 otoo otoo 

Y 48 OtOO OtOO 0100 o t 0 0  Otoo otoo 2t22 otoo otoo 
otoo OtOO o t o o  otoo OtOO OtOO 132 0100 0100 

' QtOO OtOO Otoo' OtOO OtOO 
0100' otoo o t o o  

otoo otoo OtOO 0100 otoo otoo 

Otoo o t o o  0.00 
otoo OtOO om 

62 O t O O  OtOO O t S  o t o o  o t o o  otoo OtOO otoo otoo 

'64 OtOO OtOO le24 otoo otoo om otoo otoo o t o o  . 
66 O t O O  OtOO la79 Otoo OtOO otoo 
68 OtOO 0100 2t46 2t33 otoo otoo 
70 0.00 OtOO 2t87 '7t85 0100 OtOO 

0 72 otoo OtOO OtOO 2t37 OtOO OtOO 
.74 OtOO OtOO otoo 1t15 Otoo OtdO 2t39 OtOO 0100 
76 OtOO OtOO OtOO ltl8 OtOO 0100. 2t42 OtOO 0100 

om otoo 0.00 15452 OtOO OtOO 1t21 otoo 040 2t49 OtOO OtOO 
OtOO otoo otoo le26 OtOO -0t00 2t58 OtOO otoo 

82 -0tOO OtOO OtOO ~ 3t31 OtOO 0100 2t70 OtOO OIOO 

84 OtOO OtOO OtOO l6t18 Ob00 OtOO 1t32 OtOO OtOO 2t84 OtOO OtOO 
86 Ot00 OtOO 0400 16t43 O t w  OtOO la34 OtOO OtOO 

OtOO otoo otoo Ut52 O t O O  OtOO It38 OtOO 0100 kd ;: 0.00 OtOO otoo 16436 OtOO OtOO 1845 OtOO OtOO 
92 OtOO OtOO 01'00 15t75 OtOO OtOO 1t57 OtOO Ot'OO 
94 OIOO 0.00 otoo 14t31 OtOO OtOO It76 OtOO OtOO 

V 96 OtOO OtOO OtOO 10182 OtOO OtOO 2t18 Os00 O t O O '  
98 OtOO OtOO 0.00 0198 OtOO 0900 2t04 OtOO 0.00 
100 0.00 otoo OtOO OtOO otoo O I O O  OtOO OtOO OtOO 

2986 
2t96 
3t32 
3t40 
3t83 
4t81 
6.67 
otoo 

O t O O  OtOO 
om 0.00 
otoo OtOO 
OtOO 0.00 
om OtOO 
otoo at00 
OtOO 0800 
OtOO OtOO 



Y 
TABLE 58 

RESERUOIR/INJECTION WILTER HIXWRES 

(SO4-- ION CONCt ( M I )  OF THHE INJECTION YATER 4tO) 
kJ 

W 

PRECIPITATION (w!/l) 

ZINJ RESERVOIR SKIN WELLHEAD 
BaSM SrSM Cas04 Bas04 SrSM - Cas04 3&04 SrS04 bSO4 

U 0 oaoo O b 0 0  0174 otoo otoo O b 0 0  OtOO otoo O I O O  

2 OtOO OtOO it01 OtOO otoo otoo o t o o  OtOO Otoo 
4 O b 0 0  OeOO 1126 OIOO otoo O b 0 0  otoo o t o o  O I o o  

4 OtOO Ot00 1b47 OtOO Otoo OtOO OIOO Otoo OtOO 
8 oIoo a m  1.66 otoo otoo otoo 0.00 otoo OtOO 
10 Otdo O b 0 0  la80 O I O O  O b 0 0  O b 0 0  0.00 OI O O  OtOO 
12 0100 O b 0 0  1t92 OtOO O b 0 0  otoo OIOO otoo O I o o  

14 O t O O  Ob00 2t01 OIOO otoo 0,oo OtM 6tOO O b 0 0  
16 OtOO -0eOO- 2108 ’0tOO OtOO Q e o o  otoo- ‘Otoo OtOO 
18 OtOO OtOO 2b11 OtOO 0.00 OtOO O b 0 0  OIOO O b 0 0  
20 otoo otoo 2a12 otoo O b 0 0  O b #  O b 0 0  o t o o  O b 0 0  
22 ,OtOO OtOO 1688 O b 0 0  o a o o  O b 0 0  O I o o  OtOO OtOO 

V 24 OtOO O a O O  la20 otoo Otoo OtOl O I o o  Otoo - otoo 
26 OtOO 0100 Ob13 O b 0 0  O b 0 0  0.01 Otoo otoo O I O O  

28 O b 0 0  O b 0 0  O b 0 0  O ~ O O  oIoo 6.00 Otoo O b 0 0  o t o o  - 
30 OtOO OtOO OtOO OtOO OtOO o t o o  otoo otoo O I o o  

32 OtOO OtOO O b 0 0  OtOO OtOO O b 0 0  o t o o  o t o o  OtOO 
34 0100 0100 OtOO OtOO otoo otoo OtOO o t o o  O I o o  

V 36 OtOO otoo O b 0 0  O b 0 0  otoo otoo O b 0 0  OtOO otoo 
38 OtOO O b 0 0  O b 0 0  OtOO Otoo OtOO otoo O I O O  O b 0 0  
40 OIO O  O b 0 0  otoo o t o o  O b 0 0  O I O O  OtOO OtOO OtOO 
42 OtOO O b 0 0  0100 OaOO otoo O I O O  O b 0 0  OtOO otoo 
44 O I o o  otoo 0.00 otoo O b 0 0  O b 0 0  OtOO otoo OtOO 
46 OtOO OtOO OtOO O b 0 0  O b 0 0  OtOO 0100 OtOO Ot6O 

Y 48 OtOO OtOO O b 0 0  otoo O I O O  O I o o  0100 OtOO 1t32 
50 OtOO otoo O I o o  O b 0 0  O I O O  otoo OtOO O b 0 0  2912 
52 om otoo otao otoo O t o o  otoo at00 0.00 2t82 

otoo OtOO OtOO o t o o  o t o o  OtOO 0.00 OtOO , 3142 
O I O O  OtOO 0100’ OtOO OtOO 3191 
OtOO otoo otoo OtOO O t O O  4a26 

Y , 6 0  atoo aIoo otoo O b 0 0  O b O O  otoo OtW’ OtOO 4b41 
otoo O b 0 0  0,oo 
otoo O I O O  otoo 

66 otoo O b 0 0  O b 0 0  OtOO 0100 6tOO 
. 68 O b 0 0  OaOO 0100 OIOO otoo O I O O  

70 OaOO OtOO OtOO OtOO O b 0 0  0100 
0 72 . 0100 0100 0100 otoo o a o o  otoo 

aboo o m  0.00 O I O O  OaOO oaoo 

W 

otoo otoo OI O O  

82 OtOO 0100 OtOO 6100 0100 OtOO 
Y 84 o t o o  OtOO 0,oo otoo otoo otoo O b 0 0  OtOO OtOO 

86 OtOO OtOO o t o o  OtOO OtOO o t o o  o t o o  0.00 otoo 
88 OtOO O*OO OtOO OtOO otoo O b 0 0  otoo OtOO O I O O  

90 otoo Otoo Otoo o t o o  O I O O  OtOO O b 0 0  O I O O  o t o o  

. 92 otoo Oeoo OtOO otoo OtOO OtOO otoo 0,oo o t o o  

94 0100 OtOO OtOO OtOO OtOO OtOO O b 0 0  OtOO Otoo 
Y 96 otoo OtOO otoo 0.00 O I O O  Otoo otoo O I O O  otoo 

98 OtW OtOO OtOO otoo ot-00 OtOO otoo OtOO O I o o  

100 otoo otoo 0,oo OtOO 0100 OtOO OtOO 0.00 0,OO 



Y 
TABLE 59 

RSERVOIR/INJECTION UATER fiIXTUF.ES 

(S04-- ION CUNCt ( d l 1  OF THE INJECTION YATER = 4 t O )  

PRECIPITATION (r9/1) 

XINJ FIRST RASH SECOND FLASH THIRD FLASH BRINE DISCHARGE 
BaSM SrS04 &SO4 Bas04 SrW &SO4 BaS04 SrS04 Cas04 Bas04 Srsoll Cas04 

0 otoo o t o o  OtOO o t o o  otoo otoo OtOO otoo o t o o  Otoo o t o o  o t o o  

2 o t o o  OtOO O I O O  otoo otoo OtOO OtOO O I o o  o t o o  o t o o  otoo otoo 

4 o t o o  o t o o  otoo o t o o  otoo o t o o  otoo otoo o t o o  otoo otoo otoo 

4 O t O O  OtOQ 0,OO o t o o  o t o o  o t o o  otoo o t o o  OtOO O I o o  otoo otoo 
8 O t O O  OtOO OtOO OIOO o t o o  o t o o  o t o o  OtOO o t o o  Otoo otoo Otoo 

10 O t o o  o t o o  otoo o t o o  otoo o t o o  otoo om O t O O  Otoo otoo O I o o  

12 otoo otoo OtOO OtOO otoo otoo OtOO 0;oo O I O O  OtOO otoo o t o o  

14 O t O O  0100 O t O O  o t o o  o t o o  o t o o  Otoo otoo O I O O  otoo OtOO otoo 

14 OIOO OtOO OtOO OtOO OtOQ OtOO otoo OtOO otoo otoo otoo O t O O  

18 OtOO OtOO O t O O  o t o o  o t o o  o t o o  o t o o  OtOO o t o o  Otoo otoo O I O O  

o t o o  OIOO OIOO otoo at00 o t o o  otoo OtOO 040 o t o o  otoo. otoo 

otoo # t o o  o t o o  otoo o t o o  o t o o  otoo otoo om 
24 OtOO 0,OO OtOO Ot74 OtOO OtOO 
26 OtOO OtOO Ot93 OtOO OtOO 2t01 otoo OtOO 
28 otoo o t o o  it00 otoo o t o o  0193 otoo otoo 2too otoo otoo 
30 OtOO OtOO 0100 i t 2 2  otoo OtOO 0198 OtOO OtOO it93 OtOO O t O O  

32 OtOO O t 0 0  OtOO it41 OtOO OtpO 0,99 O I O O  otoo it98 0100 0100 
34 OtOO O I o o  om i t 5 5  OtOO Otoo it03 OtOO O t O O  2t01 otoo otoo 

. 36 5Ioo Otoo otoo it68 OtOO OtOO l t O S  otoo otoo 2t05 OtOO OtOO 
38 OtOO OtOO OtOO la81 O t O O  OtOO it07 OtOO OtOO , 2'09 otoo @ t o o  

40 OtOO OtOO OtOO le93 OtOO 040 it09 OtOO OtOO . 2t13 OtOO OtOO 
42 OtM 0100 OtOO 2t05 0100 OtOO it12 OtOO otoo 2a17 O t O O  OtOO 
44 otoo otoo otoo 2t21 OIOO otoo 2t21 0100 otoo 
46 OtOO OtOO otoo it13 0100 OtOO 2t21 otoo otoo 
48 0100 OtOO OtOO 2t22 OtOO OtOO 

it52 OtOO OtOO 50 om 0.00 otoo 
52 otoo otoo otoo 0113 OtOO OtOO 

V 

v 

.v 

W 

0 

59 o t a a  0.00 0.00 0.00 0100 OtM OtOO - otoo otw 0.00 o t o o  otw 
o t o o  OtOO . otoo . otoo a t 0 0  OtOO ,oo OtOO otoo 

otoo otoo otoo otoo OtOO otoo too o t o o  otoo 

Otoo o t o o  otoo OtOO o t o o  otao otoo OtOO o t o o  

o t o o  otoo 0156 otoo OtOO 0.00 otoo 'OtOO om 
OtOO O t o 6  it23 OtOO OtOO otoo OtOO otoo OtOO - 

O I O O  OtOO OtOO . otoo otoo 0100 
2t33 otoo otoo it12 otoo otoo 
4t35 otoo OtOO 
t47 0;oo otoo 

74 OtOO otoo 0.00 t 5 6  OtOO otoo 
76 OtM 0100 0100 4t63 OtOO OtOO it17 0100 OtOO otoo OtOO . , 

0 

0 

o t o o  otoo otoo 

otoo OtOO OtOO 
82 OtOO Otoo OtOO 4154 otoo OIOO lt29 . otoo Otoo 

' 84 otoo 0,oo otoo 4.41 0,OO QtOQ 1630 OtOO OtOO 2t79 ' 86 0 4 0  O&O OtOO 4t36 om Otoo 1t32 OtOO OtOO 2t80 
88 OtOO O t O O  040 4t16 OtOO OtOO it35 OtOO O t O O  2t89 

b.' 90 OtOO O h 0  0100 3t73 otoo otoo it41 OtOO OtOO 3103 
92 O*OO OtOO Ot00 2IW , OtOO OtOO it51 OtW . OtOO 3t27 
94 otoo otoo otoo it35 OtOO OtOO 1168 OtOO OtOO 3865 

otoo otoo otoo OtOO otoo otoo OtlO at00 otoo 4850 
otoo Ot00 OtOO otoo O I O O  otoo o t o o  

OtOO OIOO otoo OtOO OtOO OtOG otoo 

0 

otoo OtOO 
o t o o  otoo 

o t o o  Otoo 
0,oo otoo 

o t o o  OtOO 
otoo o t o o  

OtOO o t o o  

otoo OtOO 
otoo OtOO 
OtOO otoo 

OtOO otoo 

otoo otoo 



TABLE 60 W 

RESERVOIR/INJECTION UATER KIXTLRES 

(S04-- ION CONCt (Wl) OF THHE INJECTION UATER = 2*0) 

W W 
PRECIPITMION (~g/l)  

NJ RESERVOIR SKIN lELLmuJ 

0 OtOO OtOO 0174 O I O O  O I O O  otoo o t o o  O I O O  otoo 

4 0100 0100 1t15 OIOO O I O O  o t o o  OtOO O I O O  O I O O  

6 OtOO 0100 lt30 at00 O I O O  OtOO OtOO o t 0 0  0100 
8 OtOO 0.00 1143 OtOO ' O I O O  Ot00 OtOO O I O O  OtOO 

5 10 OtOO otoo 1IS2 Ot00 o t o o  OtOO OtOO otoo otoo 

12 0100 O A O  1158 O I O O  otoo OtOO o t o o  O I O O  om 
Y 14 0100 OtOO lt61 OtOO o t o o  O I O O  O I O O  otoo otoo 

16 OtOO 0100 . 1t62 O I O O  O I O O  otoo O I O O  O I O O  OtOO 
18 - '  OtOO OtOO 1161 O I O O  OtOO 0.00 om otoo 0.00 
20 O t O O  0100 1t56 O I O O  O I O O  otoo OIOO ' O I O O  O I O O  

22 0100 0100 1126 OIOO O I O O  OIOO O I O O  om o t o o  

24 0100 O I O O  OS3 O I O O  O I O O  O I O O  O I O O  O I O O  otoo 

V 26 0100 O I O O  OtOO O I O O  O t O O  OtOO OtOO ot00 OtOO 
20 otoo O I O O  otoo OtOO OIOO O I O O  O I O O  otoo O I O O  

30 O t O O  O t O O  O I O O  O I O O  OtOO OtOO O I O O  OtOO OtOO 
32. OtOO OtOO OtOO O I O O  O I 0 0  O I O O  OtOO O I O O  O I O O  

34 OtOO OtOO OtOO 040 O I O O  om otoo OtOO O I O O  

36 . Ot00 OtOO OtOO otoo O I O O  otoo O I O O  O I O O  O I O O  

Y 38 0100 0.00 OtOO OIOO ' O I O O  O I O O  ' OtOO om o t o o  

40 OtOO OtOO OtOO O I O O  OtOO OtOO otoo O I O O  otoo 

42 OtOO OtOO 0100 OtOO OtOO OtOO OtOO OtOO O I O O  

44 OtOO 0.00 O I O O  otoo otoo OtOO OtOO O I O O  O I O O  

48 0.00 OtOO O I O O  Ot# O I O O  OtOO O I O O  O I O O  otoo 

0 50 OtOO OtOO Ob00 0100 0100 Ot54 
52 0100 otoo OtOO OtOO 0100 1118 

O I O O  O I O O  O I O O  OtOO OtOO 1t71 
.or00 OIOO otoo OtOO 0100 .2113 

Q100 O t O O  2141 
60 ~ 0100 O I O O  'OtOO 0100 OtOO 2t51 

BaSM SrS04 Cas04 Bas04 SrS04 Cas04 BaS04 Srs04 Cas04 

0 2 OtOO 0100 Ot96 OtOO otoo Otoo Otoo O I O O  otoo 

46 OtOO O I O O  0100 otoo OI O O  * o t o o  OtOO otoo OtOO 

Q 62 OtOO OtOO OtOO I O t O O  OtOO otoo 0100 0100' 1193 - -  

O I O O  OtOO otoo 

OtOO otoo O I O O  

OtOO OI O O  otw 
0,oo otoo o t o o  

Y O I O O .  OIOO otoo 

78 OtOO o t o o  O I O O  O t O O  O I O O  OIOO 
80 OIOO O I O O  otoo OtOO 0.00 
82 OtOO 0100 om. otoo 

84 . 0100 0.00 om O I O O  OtOO 

~ 76 0.00 OtOO 0100 otoo O I O O  O I O O  . 

V r 86 OtOO 0100 OtOO OtOO O I O O  OtOO OtOO O I O O  o t o o  

I 88 O I O O  OtOO O I O O  OIOO OtOO O I O O  otoo O I O O  o t o o  

! .  92 otoo OtOO OtOO O I O O  O I O O  otoo O I O O  O I O O  OtOO 
I 94 otoo 0.00 otoo O I o o  o t o o  O I O O  o t o o  OtOO otoo 

I g 4  90 otoo otoo 0.00 O I O O  O I O O  otoo otoo o t o o  OtOO 

I 96 0.00 OIOO I otoo otoo otoo otoo OtOO OIOO OtOO 
98 OtOO 0.00 0.00 OtOO Otoo 0.00 O I O O  0.00 OtOO 

190 0.00 0.00 OtOO 0.00 0.00 OtOO otoo otoo 0.00 



TABLE 61 e 
RSERWIR/INJECTION MATER MIXTURES 

(S04-- ION CONCI (Wl) OF THE INJECTION UATER ’: 2eO) 

bpi r 
PRECIPITATION (sg/l) 

ZIMJ FIRST FLASH SECW(D FLASH BRINE DIWARGE 
%as04 SrSO4 Cas04 Bas04 SrS04 cas04 Baa4 BaSM SrSM Cas04 

Y otoo OIOO - otoo otoo 0100 otoo O I O O  O I O O  OIOO om 
OIO O  OtOO otoo OIOO otoo OIOO o t o o  otoo om 
OIOO OIOO otoo OtOO OIOO Om OIOO O I O O  O I O O  - 
otoo om O b 0 0  otoo O I O O  O I O O  

OIOO O I O O  OIOO O I O O  otoo O I O O  

OtOO O b 0 0  ’ OIOO OIOO O I 0 0  O I O O  

14 0100 0100 0100 QtOO OtOO O b 0 0  otoo otoo OIOO 

16- OtOO 0100 0100 ot00 I_ Otoo 0,oo O I O O  otoo . 

18 OeOO OtOO OtOO OtOO O I O O  O I O O  OIOO O I O O  

w O I O O  O I O O  OIOO OtOO 0100 Ob00 

O I O O  0.00 OIOO OtOO OIOO 

O I O O  ut00 ‘ OtOO OIOO o m  ot00 
24 .OtOO 0100 0100 OI 0 0  otoo otoo otoo OIOO O I O O  0174 0100 OtOO 
26 0100 OtOO OtOO otoo OIOO OIOO 0107 0100 OtOO 2t01 OIOO OIOO 

otoo O I O O  OIOO 0115 0100 OtOO 2IOO OtOO’ OIOO 

Ot00 Om OI O O  OI22 OIOO otoo le99 0100 0100 
32 0.00 0100 0100 OI00 OIOO OIOO O I 2 9  OIOO otoo 1198 OIOO O I O O  

34 OIoo - O I O O  O I O O  , OIOO Otoo O I b O  0133 6aOO 0100 2IOO OIOO OIOO 

36 O I O O  OIOO OIOO O I O O  OIOO 0 4 4  0100 OeOO 2105 0100 0100 
38 O I O O  OtOO otoo otoo otoo O I 3 S  O I W  O I 0 0  2IW OIOO OtOO 
40 OtM OtOO O I O O  OIOO OtOO 0 6 3 6  O I O O  OeOO 2.13 0100 0100 
42 ‘ O t O O  0100 OtOO OtOO OtOO OIOO 0136 O s 0 0  0100 2r17 0100 0100 
44 otoo O I O O  OIOO OIOO O I O O  OIOO 0137 OtOO OIOO 2t21 OIOO OIOO 

46 OIOO O I 0 0  O I 0 0  040 0100 0100 . 0141 0100 OtOO 2I20 OIOO OIOO 

v 

Y 

48 O*OO oIoo oboe OIOO OIOO om 0144 OB00 0100 2.22 OIOO OIOO 

50 OIOO Ob00 OIOO 1t52 0.00 O t o o  

0112 OIOO OIOO 

OIOO 0.00 0.00 OIOO om O I 0 0  O I O O  O I O O  OIO 
otoo O b 0 0  OtOO OtOO O I O O  O I O O  O I O O  OIOO O I O O  

O I O O  OtOO O I O O  O b 0 0  O I O O  otoo - om otoo OIOO 
O I O O  O I O O  O I O O  I O O  OIOO - 
Ot00 O I 0 0  at00 I o 0  otoo . 

OIOO O I O O  O I O O  O I O O  O I O O  0.00 
O I O O  OtOO otoo OIOO O b 0 0  

0165 OIOO 

0 OIOO O I O O  0.00 0164 0100 
Ot61 OtM 01 
O b 5 6  O I O O  .ot 

Y 

I 

yd 

76 040 0100 0100 OtOO OIOO OIOO ’ 2.38 OeOO 0100 . 
78 O*OO 0100 ’ 0100 otoo 0.00 O I O O  2AS OIO O  OtOO 
80 OtOO 0100 0100 OIOO OIOO too 0126 otoo otoo 2 3 3  OIOO OIOO 

82 0100 0100 OtOO O I d O  O I 0 0  I o o  OtO6 0100 O I O O  2164 0100 0100 
84 O I O O  O I O O  OIOO O I O O  otoo-  OIOO OtOO OtOO OtOO 2 s  OIO O  O I O O  

86 OIOO O I O O  O I O O  OIOO o m  .o*oo OIOO OtOO OIOO 2t3S OaOO 0100 
88 OIOO O*OO OeOO O I O O  O I O O  O I O O  OIOO otoo O I O O  2b10 OIOO OIOO u 90 OIOO OIM O I O O  om O I O O  OtOO om OIOO OIOO 1t90 OtOO 0100 

0;oo O I O O  O I O O  . O I O O  OIOO OIOO 1I02 OIOO OIOO 92 O I O O  otoo O I O O  

94 OIOO OIOO O I O O  O I O O  O I O O  O I O O  O I O O  O I O O  0.00 OtOb O I O O  OIOO 

96 I O 0  OIOO O I O O  OIOO O I O O  0.00 OIOO O I O O  O I O O  O I O O  O I O O  O I O O  

93 4 0 0  O I O O  # I O 0  OtOO OIQO OtM O I O O  O I O O  O m  O I O O  O I O O  O I O O  

100 9400 0.00 OtOO 0.00 O I O O  0100 O I O O  O I O O  O I O O  O I O O  OtOO OIQO 

42 

0 
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Y TABLE 63 
RSERVOIRIINJECTION UATER HIXTuliES 

(S04-- ION CONCt (mf/l) OF THE IMJECTIOtl UATER = 1,O) 

PRECIPITATIotl (Wl) 

FIRST FLASH SECOND FLASH THIRD FLASH BRINE DISCHARGE 
4 SrS04 QSO4 BaS04 SrS04 CaSM Bas04 ' SrSO4 CaS4 Bas04 SrS04 Cas04 

XINJ 

0 o t o o  otoo o t o o  o t o o  otoo o t o o  0100 otoo o t o o  o t o o  otoo otoo 

2 o t o o  otoo o t o o  o t o o  otoo o t o o  OtOO OtOO otoo OtOO OtOO OtOO 
4 otoo otoo otoo otoo OtOO OtOO otoo o t o o  otoo o t o o  . otoo otoo 

6 OtOO OtOO OtOO o t o o  o t o o  OtOO o t o o  Otoo otoo OtOO otoo otoo 
8 '-0tOO OtOO OtOO otoo otoo Otoo otoo o t o o  otoo o t o o  o t o o  o t o o  

10 OtOO o t o o  o t o o  OtOO Otoo 0.00 otoo otoo o t o o  OtOO o t o o  o t o o  

14 OtOO OtOO OtOO Otoo otoo otoo o t o o  otoo OtOO otoo otoo otoo 

16 OtOO OtOO OtOO otoo otoo Otoo OtOO Otoo 0100 otoo -- otoo - -0too - 

18 - OtOO otoo o t o o  Otoo OtOO o t o o  o t o o  QtOO OtOO OtOO o t o o  Otoo 
20 otoo otoo otoo otoo otoo otoo otoo otoo otoo otoo o t o o  otoo 

22 0100 OtOO otoo OtOO Otoo a o t o o  otoo otoo o t o o  O t o a  o t o o  o t o o  

24 OtOO OtOO OtOO OtOO otoo o t o o  otoo otoo o t o o  0174 OtOO OtOO 
o t o o  o t o o  otoo Otoo Otoo OtOO it19 otoo otoo 26 OtOO OtOO OtOO 

28 OtOO OtOO O t O O  OtOO otoo OtOO o t o o  o t o o  o t o o  1t19 040 OtOO 
30 OtOO otoo OtOO o t o o  O t O O  OtOO Otoo Otoo o t o o  it18 btM OtOO 
32 OtOO OtOO OtOO o t o o  otoo otoo otoo otoo otoo 1t18 OtOO OtOO 
34 otoo otoo otoo otoo OtOO 0th otoo OtOO o t o o  1.17 OtOO OtOO 
36 OtOO . OtOO OtOO o t o o  otoo otoo otoo otoo otoo it16 O t O O  OtOO 
38 OtOO OtOO OtOO OtOO otoo OtOO o t o o  Otoo O t o o  it13 0.00 -0tOO - 
40 OtOO O t O O  O t O O  OtOO o t o o  otoo 1t11 o t o o  OtOO 
42 0,OO OtOO O t O O  OtOO otoo otoo 1t08 O t O O  OtOO 
44 OtOO o t o o  otoo otoo o t o o  otoo 0100 otoo OtOO 1t04 OtOO OtOO 
44 0100 OtOO o t o o  o t o o  o t o o  o t o o  OtOO OtOO Otoo ltO1 otoo OtOO 

W 

v 12 OtOO o t o o  otoo otoo otoo o t o o  OtOO otoo o t o o  otoo otoo otoo 

U 

w 

48 otoo otoo otoo -0too 
O t o o  50 OtOO O t O O  O t O O  

52 otoo OtOO o t o o  otoo 

54 0.00 O t O D  0.00 o t o o  

56 OtOO 0.00 OtOO 0 too 
-58 OtOO O t O O  Q t W  OtOO 
60 OtOO OtOO OtOO otoo 

62 O t O O  OtOO 0155 OtOO 

Y 

0 

o t o o  otoo otoo otoo otoo 0198 OtOO 0100 
OtOO Otoo otoo Otoo otoo 0195 o t o o  o t o o  

otoo otoo OtOO OtOO o t o o  0113 OtW OtOO 
0.00 0.00 otoo ot00 o t o o  otoo o t o o  otoo 

OtOO OtOO otoo otoo o t o o  o t o o  Otoo otoo 

otoo o t o o  Otoo otoo Otoo ' 

at00 otoo OtOO 
OtOO otoo otoo OtOO otoo otoo - -  

64 O t O O  OtOO 0175 o t o o  0.00 otoo otoo ~ otoo otoo otoo OtOO o t o o  

46 Otoo o t o o  otoo Otoo o t o o  OtOd om t 5 8  OtOO -0too 
68 OtOO OtOO otoo otoo Otoo otoa- om *si 00 otoo 

70 OtOO OtOO OtOO Otoo Otoo 4 3  00 OtOO 
72 OtOO OtOO OtOO otoo o t o o  o t o o  t.33 otoo otoo 

74 OtOO o t o o  . OtOO . OtOO OtOO o t o o  t 2 2  o t o o  Otoo 
76 OtOO OcOO OtOO o t o o  OtOO to9 otoo " otoo 

o t o o  OtOO OtOO oto otoo OtOO t o o  - o t o o  OtOO 
otoo OtOO OtOO o t o o  otoo O I O O  too otoo OtOO 

82 O t O O  OtOO 0100 o t o o  O t M I  o t o o  o t o o  OtOO o t o o  otoo o t o o  Otoo 
84 OtOO OtOO , OtOO OtOO otoo OtOO OtOO 0 4 0  OtOO ' OtOO Otoo o t o o  

86 OtOO OtOO OtOO Otoo otoo o t o o  OtOO 0100. o t o o  OtOO otoo otoo 

88 OtOO OtOO OtOO OtOO OtOO otoo OtOO otoo o t o o  otoo OtOO OtOO 

92 0.00 o*oo OtOO otoo otoo otoo otoo o t d o  otoo OtOO otoo otoo 

94 0.00 'OtOO otoo O*OO otoo otoo OtOO OtOO 0.00 0100 OtOO OtOO 
96 OtOO 0.00 OtOO 0100 otoo otoo otoo oto4 * otoo OtOO otoo OtOO 
98 OtOO OtOO OeOO otoo OtOO OtOO OtOO Otoo OtOO otoo o t o o  OtOO 

100 o*o!! o*oo otoo o t o o  OtOO Otoo OtOO 0.00 o t o o  OtOO OtOO OtQO 

ys 

W 

bd 90 o*oo otoo otoo 0.00 otoo o t o o  om otao om otoo otoo otoo 

Y 



TABLE 64 --_----- 
bd w 

Cas04 SUPERS URATION I N  SALTON SEA BRINE AT VARIOUS 

- 
~ ..-- 

TEMPERATURES 
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TABLE _. 6 5  W LJ 

SUMMARY OF RESULTS ON INJECTION OF SYNTHETIC 
SALTON SEA WATER INTO BEREA SANDSTONE CORES 

(TEMPERATUE = 9OoC) 

Y 
CORE INJECTION PRESSURE TIME PRECIPITATION 
NO INHIBITOR RATE BUILD U P  FOR BUILD U P  

( m 1 /m i n ) ( p s i )  (hrs )  ............................................ ....................... 
v 1 NO . 0.1 480 120 . YES 

YES - -  90 ~ - 2  0 .15  345 - - 

3 NO ' 0 . 4  ( 5 0  90 YES 

ly . 4  NO 5 . 0  <5  16 NO 

5 SP-175 0 .1  <5  120 NO 

6 SP-245 0 .1  (5  120 NO 

Y 7 ANT-A 0.1 (5  - 120 NO 



FIG
U

R
E

 1 



., .- . .<.a, 

3 

U 

W 

FIGURE 2 
CaS04 Precipitation in Porous Media 
Flow Tests 
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FIGURE 3 
CaS04 Precipitation in Porous Media During 
Flow Tests 
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FIGURE 4 .  - 
CaS04 Precipitation in Porous Media During 
F l o w  Tests Y 
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FIGURE 5 
Cas04 Precipitation in Porous Media During 
Flow Tests c., 
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FIGURE 6 

CaS04 Precipitation in Porous Media During 
U Flow Tests 

FIGURE 7 I 

CaS04 Precipitation in Porous Media During 
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FIGURE 11 + 

CaS04 Precipitation in Porous Media During 
Flow Tests 
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FIGURE 12  
CaS04 Precipitation in Porous Media During 
low Tests 
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FIGURE 13 - 
CaS04 Precipitation in Porous Media During 
Flow Tests 
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FIGURE 14 
CaS04 Precipitation in Porous Media During 
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id FIGURE 15 
CaS04 Precipitation in Porous Media During 

,. Flow Tests 
Y 



U 

Y 

v 

FIGURE 16 
Cas04 Precipitation in Porous Media During 
Flow Tests 
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U FIGURE 17 
CaS04 Precipitation in Porous Media During 
Flow Tests 

V 



U 

V 

Y 

0 

c 

v 

V 

W 

FIGURE 18 
Cas04 Precipitation in Porous Media During 
Flow Tests 
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FIGURE 19 
.Cas04 Precipitation in Porous Media During 
Flow Tests 
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FIGURE 20 

CaS04 Precipitation in Porous Media During 
Flow Tests V 

Y 

c3 

FIGURE 21 

CaS04 Precipitation in Porous Media During 
V ’  Flow Tests 
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FIGURE 22 
CaSO4 Precipitation in Porous Media During 
Flow Tests 

FIGURE 23 
CaSO4 Precipitation in Porous Media During 
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FIGURE 24 
CaS04 Precipitation in Porous Media During 
Flow Tests 
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