
/' 
,/" 

434 
41.44 

UCID- 17596 

I 
, 

* 
j 

Determination o f  the Rate o f  Format 
Brine as a Function o f  pH 

3,  E. Harrar, 
S i  B. Deutscher 

September 28, 1977 

Otto, Jr., J. H. Hill, C. J. Morris, R. Lim, and 

/ 

I I 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



P 

c 

* 

Determinatioh o f  the  Rate o f  Formation of Sol ids 
from Hypersaline Geothermal Br ine as a Function of pH 

J. E. Harrar ,  C. H. Otto, Jr., J. H. H i l l ,  
C. J. Morris, R. Lim, and S. B. Deutscher 

In t roduc t ion  

This repo r t  i s  a pre l iminary descr ip t ion o f  the r e s u l t s  
analysis o f  the  e f f l u e n t  b r i ne  from the LLL four-stage f lash 
p r inc ipa l  i n t e r e s t  was the r a t e  o f  formation o f  suspended so 
o f  decrease o f  d issolved s i l i c o n  ( o r  s i l i c a )  i n  the so lu t ion  

obtained i n  the 
system. Of 
i ds  and the r a t e  
as a func t ion  of 

the pH of the e f f l u e n t  br ine.  The experiments were conducted using Magmamax 
No. 1 b r ine  a t  the LLL Test F a c i l i t y  near Ca l i pa t r i a ,  Ca l i fo rn ia .  The we l l -  
head b r ine  (having a pH o f  $5.7) was a c i d i f i e d  i n  the f l a s h  system t o  pH 
values o f  5.0, 4.0, and 3.0, 20.2 pH un i t ,  and the so l ids  and s i l i c a  i n  the 
e f f l u e n t  a t  $90°C were measured, respect ively,  by f i l t r a t i o n  and atomic absorpt ion 
spectrophotometry. 
a f te r  ho ld ing the 

Changes i n  so l  i d s  and s i  1 i c a  concentration were determined 
i n e  a t  90 5 5OC f o r  periods o f  t ime up t o  one week. 

Ex per i menta 1 

spended so l i ds  i 
ne through Corni 

as determined by f i l t r a t i o n  
60, 30-1111 , f ine-porosi ty 

crucibles.  T pore s i ze  of these c ruc ib les  i s  spec i f ied  as 4.5 t o  
5.0 urn; a p a r t i c l e  s ize  greater than $5 pm diameter i s  

i n g  suspended so l  i d  mater ia l .  The concentr 
re fo re  defined here 
on of s i l i c o n  i n  the  

determined by immediate a c i d i f i c a t i o n  and measurement by standard 
add i t ion  using the techniques o f  atomic absorption spectrophotometry. 
t ru ly -d isso lved s i l i c a  (monomeric o f  polymeric), and s o l i d  p a r t i c l e s  less  than 
$5 pm diameter are determined, and are reported, as dissolved s i l i c a  f o r  the 

Both 
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purposes of these experiments. A f t e r  c o l l  ec t ion  o f  the suspended mater ia l  on 
the  f i l t e r  crucibles,  the  cruc ib les are r insed w i t h  water, d r ied  a t  105OC i n  
an oven, codled i n  a desiccator, and weighed. 

Samples o f  b r i ne  held i n  incubat ion a t  90 k 5°C f o r  periods up t o  8 h r  
were contained i n  4-oz screw-cap glass b o t t l e s  f i l l e d  t o  the top. 
he ld for  periods o f  8 hr and longer were sealed under n i t rogen i n  special  glass 
ampoules t o  prevent reac t ion  o f  a i r  oxygen w i t h  the Fe(I1) i n  the br ine.  These 
ampoules, 5-cm diam x 15-cm high, were opened when required by means o f  a hot- 
w i re  technique. A l l  operations invo lv ing  br ine  sampling and containment were 
ca r r i ed  ou t  as r a p i d l y  as possible t o  prevent cool ing below 85OC and/or reac t ion  
w i t h  oxygen. Previous work a t  t h i s  laboratory  has shown t h a t  the nature of the 
so l i ds  formed from br ine  i s  markedly d i f f e r e n t  i n  the presence o f  oxygen. The 
br ine  incubat ion containers have s t r a i g h t  sides, and an attempt was made t o  
remove a l l  o f  the  r e c i p i t a t e s  from the ins ide  wal ls  using a rubber policeman. 
When d i f f i c u l t y  i n  f i l t e r i n g  was encountered, a sample o f  the f i l t r a t e  was taken 
immediately f o r  s i 1  i c a  analysis. 

Samples 

s u l t s  and Discussion 

The experiments on 
the f o u r t h  stage o f  the 
i t  var ied dur ing these tests ,  i s  summarized i n  T 
change dd i t i ona l  well flow, bu t  t h i s  increase 
i n  the  
s i 1  i c a  

ed on b r ine  e f f l u e n t  from 
" t i o n  o f  t h i s  br ine,  as 

There was a s ign i f i can t  

o t  a f fec t  the p r e c i p i t a t i o n  of the 

Tab1 Analysis o f  b r i n e  from 4 th  stage 
(Sampled a t  105"C, before the delay l i n e )  

Chlor ide Si02 

- Date Dens i t y  % - N - % ppm 
9/15 445 
9/17 19.0 452 
9/19 19.9 3.65 11.3 452 
9/21 1.143 19.4 3.70 11.5 458 

Tota l  Sol ids 

9/22 a 1.172 22.5 4.47 13.5 477 

asan Diego Gas & E l e c t r i c  Co. a lso  drawing brine. 



A t  the  fourth-stage, the  b r ine  i s  f lashed t o  atmospheric pressure a t  a 
temperature o f  .\1105OC. A t  the b r ine  output from the fou r th  stage, the  system 
i s  provided w i t h  a "delay l i n e "  o r  length o f  pipe, from which an e f f l u e n t  could 
be obtained t h a t  had, i n  e f fec t ,  been held a t  near f lashing temperature f o r  an 
add i t iona l  20 min. The addi t ional  t r a n s i t  t ime and the add i t iona l  temperature 

e f f luen t ,  and t h i s  was tested i n  an i n i t i a l  ser ies o f  experiments. 
found that ,  a t  the  i npu t  t o  the delay l i n e  ( the 105°C output o f  the  f o u r t h  stage), 
the suspended so l ids  i n  unmodified br ine  averaged 41 pprn, and the  s i l i c a  i n  the 
f i l t e r e d  b r ine  amounted t o  411 ppm as Si02. A f t e r  the 20-min delay l i n e ,  the  
e f f l u e n t  contained 100 ppm so l i ds  and the  f i l t r a t e  353 ppm Si02. Thus for  
unmodified b r ine  the delay l i n e  had a s i g n i f i c a n t  e f fec t .  I n  subsequent studies 
b r ine  f o r  the  measurement o f  changes i n  so l i ds  and s i l i c a  was taken from the 
output o f  the  delay l i n e ,  but  f o r  comparison o f  the e f f e c t s  o f  incubat ion time 
and pH, the  graphical  data are re fe r red  t o  the  time when the b r ine  ex i ted  the  

s 

e drop t o  88-90°C were expected t o  generate add i t iona l  suspended so l i ds  i n  the  
It was 

fourth stage. 

From pa i r s  o f  dupl icate measurements i n  the range o f  50-500 ppm, the standard 
deviat ions o f  the measurements o f  Si02 and so l i ds  are 6 and 13 ppm respect ive ly .  

f resh ly  p rec ip i t a ted  sol  nd s i l i c a  i n  so lut ion.  Two 90% samples of unmodified 
b r ine  (pH 5.98) wer 
a c i d i f i e d  t o  pH 1.7 

Si02 i n  the f i l t r a t e  was determined. The quant i t y  o f  f i l t e r e d  so l i ds  dropped 
m 214 t o  181 ppm 

t a n t  a t  300 ppm. 

ent  was conducted t o  determine the e f fec t  o f  a c i d i f i c a t i o n  on 

and incubated f o r  30 min. One sample was then 
owed t o  stand f o r  5 min; then both samples were f i l t e r e d  

n a c i d i f i c a t i o n ,  bu t  the  Si02 concentration remained 
hus l i t t l e ,  i f  any, Si02 redissolved under these condi t ions.  

The r e s u l t s  obtained thus f a r  i n  the study o f  the p r e c i p i t a t i o n  o f  so l i ds  
and Si02 from the  b r ine  are shown i n  Figures 1 and 2. The r e s u l t s  i n  general 
bear ou t  previous invest igat ions '  showing the benef ic ia l  e f f e c t s  o f  a c i d i f i c a t i o n  

b 

o l i d  formation. Samples o f  e b r i ne  are s t i l l  being 
i n  f u r t h e r  long-term s t a b i l i t y  data. It i s  apparent 

Sficant so l  i d s  formation cannot be postponed longer than 
nts presented i n  t h i s  repo r t  were obtained dur ing a c i d i f i c a t i o n  

o f  the  b r ine  between the f i r s t  and second f lash stages. One p lan t  run w i t h  ac id i -  
f i c a t i o n  between the  second and t h i r d  stages, a t  a pH o f  4, revealed no s i g n i f i c a n t  
d i f fe rence i n  the behavior o f  the so l i ds  and s i l i c a  i n  the e f f luen t .  
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Each o f  a ser ies o f  samples o f  b r i ne  was a lso d i l u t e d  ~ ~ 2 0 %  by weight 
w i t h  pure water t o  t e s t  t h i s  approach t o  c o n t r o l l i n g  so l i ds  p rec ip i t a t i on .  
These samples are being examined only  a t  periods longer than 24 hr, and the 
data obtained are summarized i n  Table 2. Although these experiments are n o t  
y e t  complete, i t  appears t h a t  the water d i l u t i o n  has some e f fec t ,  especia l ly  

reducing the quan t i t y  o f  so l i ds  >5 vm i n  size. 
d i l u t i o n  i t s e l f  immediately reduces the concentrations by a f a c t o r  o f  0.8. 

8 

& a t  pH 4, i n  keeping the Si02 i n  so lu t i on  f o r  a longer time and i n  s i g n i f i c a n t l y  
Note i n  these data t h a t  the 

Table 2. E f f e c t  o f  d i l u t i o n  o f  b r i ne  w i t h  water ( ~ 2 0 %  w/w) 
on formation o f  so l i ds  and re ten t i on  o f  Si02 

Undiluted Brine D i l u t e d  Br ine 
Si02, ppm Solids, ppm Si02, ppm Solids, ppm 

ph 5.7 24 h r  201 286 244 234 
144 h r  185 292 200 201 

24 h r  267 229 286 49 
164 h r  172 

pH 4.0 24 hr 273 21 9 349 17 
144 h r  181 278 31 5 19 

pH 3.0 24 hr 452 1 385 0 
218 h r  260 363 

Several attempts { w i t h  L. B. Owen) were a l so  made t o  measure the s i ze  
d i s t r i b u t i o n  o f  sus nded p a r t i c l e s  i n  t b r i n e  using a r e l a t i v e l y  new device 
manufactured by the Spectrex Corp., the model I L I  1000 l a s e r  p a r t i c l e  counter. 
This instrument scans the so lu t i on  w i t h  a l ase r  beam and reads out  the number 

I f  i t  did, o r  if 
o f  p a r t i c l e s  per m l  l a r g e r  than a given threshold size. It appeared t o  be most 

tested d i d  no t  have v i s i b l e  t u r b i d i t y .  
4 l a r g e r  than ~ 5 0  vm, the instrument was no t  appl icable. 

Data on three so lut ions examined are summarized i n  Figure 3. The pH 5 
so lu t i on  was a t  a i n t  i n  t ime when f i l t r a t i o n  was very d i f f i c u l t  (a stage 
through which a l l  br ines pass, being easy t o  f i l t e r  e i t h e r  before o r  a f t e r ) .  The 
d i s t r i b u t i o n  o f  p a r t i c l e s  i n  the v i c i n i t y  o f  5 urn lends credence t o  our conjecture 
t h a t  the d i f f i c u l t y  i n  f i l t e r i n g  i s  due t o  a match between the p a r t i c l e  s i ze  and 
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the f i l t e r  c ruc ib le  pore size. The pH 3 so lu t i on  was v i s u a l l y  c lea r  both 
times i t  was measured, bu t  the data show t h a t  the p a r t i c l e s  i n  t h i s  so lu t i on  
are s t i l l  growing. Measurements such as these might provide a good ear ly-  
warning i n d i c a t i o n  o f  the performance o f  e f f l u e n t  treatment procedures, 
p a r t i c u l a r l y  because the instrument could be operated on-1 ine. 

J The pH values o f  the various br ines incubated f o r  >1 week are being 
measured, since t h i s  i s  germane t o  the possible mechanisms o f  so l i ds  prec i -  
p i t a t i o n .  
It i s  beyond,the scope o f  t h i s  repo r t  t o  discuss t h i s  i n  d e t a i l ,  bu t  most so l i d -  

I n  each case the pH has decreased: pH 5.7 t o  4.8 and pH 4.0 t o  3.4. 

on react ions t h a t  have been postulated do increase the concentrat ion of 2 
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