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ABSTRACT 

Thermodynamic and chemical changes 
can a l t e r  t h e  c h a r a c t e r i s t i c s  of geother- 
mal b r i n e  samples s i g n i f i c a n t l y .  A pro- 
cedure which minimizes these  changes has 
been developed for  sampling atmospheric 
geothermal br ines .  The method is f a s t  
with minimal cooling and y i e l d s  represen- 
t a t i v e  samples which have been s t a b i l i z e d  
t o  preserve t h e i r  i n t e g r i t y .  The proce- 
dure provides r e l i a b l e  suspended s o l i d s  
da t a  and both the s o l i d  and l i q u i d  samples 
a r e  s u i t a b l e  for  elemental ana lys i s .  The 
procedure is  a l s o  a valuable  t o o l  t o  a i d  
i n  monitoring a geothermal b r i n e  condi- 
t i on ing  system. Data a r e  included from a 
flow tes t  a t  an MCR Geothermal w e l l  i n  t h e  
Imperial  Valley area of Ca l i fo rn ia  t o  il- 
l u s t r a t e  t h e  u t i l i t y  of t h e  sampling pro- 
cedure. 

INTRODUCTION 

I n  any geothermal sampling procedure 
c e r t a i n  f a c t o r s  must be considered i n  or-  
de r  t o  a s su re  representat ive samples, i . e .  
thermodynamic and chemical i n s t a b i l i t y  a r e  
inherent  i n  many geothermal systems and 
s t e p s  must be taken t o  minimize t h e  ef-  
f e c t s  of t hese  i n s t a b i l i t i e s .  The proce- 
dure described here  is success fu l  a t  mini- 
mizing these  e f f e c t s  and y i e l d s  samples of 
high i n t e g r i t y .  

Many sampling procedures have been 
used t o  monitor components of  geothermal 
b r i n e s .  While having s i m i l a r i t i e s  t o  
methods described by H i l l  and Otto,  1977, 
and Kindle, 1980, t h i s  procedure was de- 
signed p r imar i ly  t o  a i d  i n  monitoring sus- 
pended s o l i d s  and dissolved s i l i c a  l e v e l s  
i n  f lashed (atmospheric) geothermal 
b r i n e s .  This sampling procedure is  a 
p r a c t i c a l  method based on f i e l d  experience. 

Once t h e  sample of t h e  geothermal 
f l u i d  is  s t a b i l i z e d ,  it is then possible 
t o  obtain a complete chemical p r o f i l e  of 
t h e  b r ine .  

The information obtained from the  
samples taken by t h i s  procedure is valu- 

ab le  i n  t h a t  it alAows a comF,ete b r i n e  
conditioning system t o  be monitored. Re-  
l i a b l e  data  a r e  necessary t o  operate such 
a system smoothly and e f f i c i e n t l y .  

APPARATUS 

Care fu l  considerat ion was given t o  
t h e  s e l e c t i o n  of t h e  sampling apparatus.  
The equipment must be heat  r e s i s t a n t ,  dur- 
able ,  and non-corrosive. S i l i c a  based 
g l a s s  should be avoided. Not only does 
the  g l a s s  provide a surface fo r  possible  
s i l i c a  p r e c i p i t a t i o n  bu t  t h e  s i l i c a  i n  t h e  
g l a s s  is a l s o  minutely soluble  i n  t h e  
b r i n e  sample (Franson, 1976). Kindle, 
1980, recommends t h e  use of high p u r i t y  
acid f o r  pH modification t o  minimize t h e  
in t roduc t ion  of add i t iona l  elements. 

Below is  a l i s t  of t h e  equipment used 
i n  t h e  sampling procedure: 

Sample Collect ion 

1. one l i t e r  insulated polypropylene 
beaker 

2 .  50 cc disposable  polypropylene 
syr inge 

3. -10 t o  26OoC thermometer (1' sub- 
d i v i s i o n s )  

4. i n su la t ed  gloves 

Sample F i l t r a t i o n  and S t a b i l i z a t i o n  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Mill ipore f i l t e r i n g  apparatus (47 mm) 

0.45 micron a c e t a t e  f i l t e r s  (47 mm) 

one l i t e r  polypropylene vacuum f l a s k  

vacuum tubing, vacuum pump, and 
cold t r a p  

d i s t i l l e d  water 

reagent  hydrochloric a c i d  

250 m l  polypropylene graduated 
cy l inde r  
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Sample Preservat ion 1. p lace  200 m l s  of a c i d i f i e d  water 
i n t o  t h e  f i l t r a t i o n  f l a s k  

place preweighed 0.45 micron M i l l i -  
1. 

2. t i g h t - s e a l  polystyrene p e t r i  dishes  pore f i l t e r  i n t o  f i l t e r i n g  apparatus 

250 m l  polypropylene sample b o t t l e s  
2. 

PROCEDURE 3 .  r i n s e  50 m l  syringe with b r i n e  

Two operat ional  c r i t e r i a  must be m e t  
before  sampling atmospheric geothermal 
f lu ids :  a )  Brine c h a r a c t e r i s t i c s  can 
change considerably during w e l l  s t a r t -up .  
For t h i s  reason a good p r a c t i c e  is t o  a l -  
low 24 hours of w e l l  flow be fo re  beginning 
sample c o l l e c t i o n  (Kindle, 1980) . b )  I n  a 
continuous system "steady s t a t e "  condi- 
t i o n s  should be approximated t o  ensure 
more r ep resen ta t ive  samples . 
Sample Collect ion 

w i l l  have sample p o r t s  a t  va r ious  loca- 
t i ons  within it. These sample p o r t s  
should cons i s t  of a b a l l  valve and r e t r a c t -  
a b l e  probe. The probe can be i n s e r t e d  i n =  
t o  the mainstream of the b r i n e  flow f o r  a 
homogeneous, r e p r e s e n t a t i v e  sample (Kindle, 
1980) . 

A w e l l  designed b r i n e  t r ea tmen t  system 

T i m e  and temperature a r e  f a c t o r s  of 
c r i t i c a l  importance i n  the p r e c i p i t a t i o n  
of b r i n e  s o l i d s .  For th i s  reason, expe- 
d i e n t  sample c o l l e c t i o n  and p repa ra t ion  
w i l l  minimize temperature loss and subse- 
quent s o l i d s  p r e c i p i t a t i o n  ( H i l l  e t  a l . ,  
1979). It i s  good p r a c t i c e  t o  r i n s e  the  
c o l l e c t i o n  container  w i t h  h o t  b r i n e  before  
taking t h e  a c t u a l  sample. This se rves  t o  
preheat  both t h e  c o l l e c t i o n  con ta ine r  and 
t h e  sample p o r t  a s  w e l l  a s  t o  f l u s h  t h e  
probe. I n  t h i s  sampling procedure, one 
l i t e r  of b r ine  is c o l l e c t e d  i n t o  the poly- 
propylene beaker. The temperature of t h e  
b r ine  is immediately recorded. From t h i s  
one - l i t e r  po r t ion  a q u a n t i t y  of 50 m l s  is 
ex t r ac t ed  fo r  f i l t r a t i o n .  

Sample F i l t r a t i o n  and S t a b i l i z a t i o n  

S t a b i l i z a t i o n  of t h e  b r i n e  f i l t r a t e  
is  necessary t o  preserve sample i n t e g r i t y .  
A five-fold d i l u t i o n  of t h e  f i l t r a t e  with 
d i s t i l l e d  water is s u f f i c i e n t  t o  minimize 
s i l i c a  p r e c i p i t a t i o n  ( I ler ,  1979). Iler 
a l s o  s t a t e s  t h a t  t h e  k i n e t i c s  of s i l i c a  
p r e c i p i t a t i o n  a r e  slowed by a c i d i f i c a t i o n  
of t he  f i l t r a t e  t o  pH 2.0. I r o n  s o l u b i l i -  
t y  is a l s o  maintained a t  pH 2.0 ( H i l l  and 
Otto, 1977). To determine t h e  amount of 
ac id  necessary t o  a d j u s t  the pH of t h e  d i l -  
uted f i l t r a t e  t o  2.0 a t i t r a t i o n  must be 
done. 200 ml por t ions  of d i s t i l l e d  water 
a r e  a c i d i f i e d  i n  advance f o r  use i n  sam- 
p l e  s t a b i l i z a t i o n .  I 

The filtration/stabilization process 
is a s  follows: 

4. e x t r a c t  a 50 m l  por t ion of t he  
b r i n e  from t h e  one l i t e r  sample 

5. f i l t e r  t h e  50 m l  portion* 

Depending of t he  l e v e l  of suspended 
s o l i d s  i n  t h e  b r i n e  sample, a sample s i z e  
o the r  than 50 m l  may be des i r ab le .  The 
a c t u a l  f i l t r a t i o n  of t h e  sample should be 
f a s t  and t h e  presence of l a rge  amounts of 
suspended s o l i d s  i n  the  b r i n e  could cause 
a 50 m l  sample t o  f i l t e r  t oo  slowly. 

Sample Preservat ion 

The d i l u t e d  and a c i d i f i e d  f i l t r a t e  
should be s to red  i n  a 250 m l  sample bot- 
t l e .  The f i l t e r  cake should be  r insed 
with 100 m l  of d i s t i l l e d  water and s to red  
i n  a t i g h t - s e a l  p e t r i  dish.  

Both t h e  f i l t r a t e  and f i l t e r  cake 
a r e  s u i t a b l e  f o r  s to rage  and l a t e r  analy- 
sis. The washed f i l t e r  cake can be d r i ed  
and weighed f o r  suspended s o l i d s  de t e r -  
mination and with digest ion,  elemental  
ana lys i s  can be done. The f i l t r a t e  and 
f i l t e r  cake w i l l  g ive r e l i a b l e ,  repro- 
ducible  values  f o r  soluble  and suspended 
s i l i c a ,  r e spec t ive ly ,  f o r  any atmospheric 
b r i n e  sample prepared using t h i s  pro- 
cedure. 

ANALYSIS 

Of primary importance t o  our s t u d i e s  
was t h e  a n a l y s i s  of t h e  f i l t r a t e  and f i l -  
ter cake f o r  s i l i c a .  W e  have defined 
so lub le  s i l i c a  t o  be any s i l i c a  which 
passes through a 0.45 micron f i l t e r .  
This includes some polymeric s i l i c a  
( I l e r ,  1979). Four methods a r e  a v a i l a b l e  
f o r  so lub le  s i l i c a  determination: 
a )  molybdate method b) atomic absorpt ion 
(AA) c)  heteropoly b lue  method d)  i n -  
duc t ive ly  coupled plasma (ICP)  . O f  t hese  
methods I C P  and heteropoly b lue  were the  
most u s e f u l  f o r  our purposes. The molyb- 
d a t e  method proved t o  be of l imi t ed  use 
because of iron-complex in t e r f e rence .  
The AA method exhibi ted l imited s e n s i t i v -  
i t y  on t h e  d i l u t e  f i l t r a t e  samples. Be- 
cause of t h e  expense of I C P  a n a l y s i s ,  t h e  

* vacuum f i l t r a t i o n  may cause instanta-  
neous p r e c i p i t a t i o n  of s o l i d s :  a t  
t h i s  t ime t h i s  e f f e c t  is thought t o  
be minimal. Further  testwork i n  t h i s  
regard is warranted. 
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heteropoly b lue  method was used (Franson, 
1976). The method is f a s t ,  reproducible,  
and r e l i a b l e .  The suspended s o l i d s  values 
a r e  determined by drying the f i l t e r  cake a t  
l l O ° C  and weighing ( H i l l  and Otto,  1977). 
The cake i s  then digested f o r  elemental 
analysis .  

FIELD DEMONSTRATION 

A f i e l d  demonstration of t h e  sampling 
procedure was performed a t  a 30-day flow 
t e s t  a t  an MCR Geothermal we l l  i n  South 
Brawley, Ca l i fo rn ia .  The b r i n e  condition- 
ing system used during t h e  t e s t  i s  shown i n  
Figure 1. Table 1 shows suspended s o l i d s  
and soluble  s i l i c a  data  f o r  s eve ra l  series 
of samples from the  conditioning system. 
The r ep roduc ib i l i t y  of t h i s  data  was very 
acceptable:  6% variance f o r  t h e  suspended 
s o l i d s  and 1% for  t h e  dissolved s i l i c a  
analysis .  

The suspended s o l i d s  data  a r e  use fu l  
for  t h e  determination of t h e  c l a r i f i c a t i o n  
and f i l t r a t i o n  performance of  t h e  system. 
The f i r s t  and second s e t s  of suspended 
s o l i d s  data  c l e a r l y  i l l u s t r a t e  e f f e c t i v e  
s o l i d s  increase through t h e  f lu id i zed  beds 
(Figure 1). This s o l i d s  increase is d e s i r -  
able  i n  b r i n e  c l a r i f i c a t i o n  (Featherstone, 
1979). The f i r s t  f i v e  data  sets show a de- 
crease of suspended s o l i d s  through the  set- 
t l i n g  tanks as would be expected. The 
s i x t h  se t  ind ica t e s  t h a t  t h e  s e t t l i n g  tanks 
were undergoing sludge carry-over, demon- 
s t r a t e d  by an unusually high l e v e l  of sus- 
pended s o l i d s  i n  t h e  e f f l u e n t .  This might 
i nd ica t e  t h a t  t h e  sludge l e v e l s  i n  the set- 
t l i n g  tanks a r e  too high and t h a t  sludge 
removal may be required.  S e t s  t h r e e  and 
f ive  show t h a t  t h e  suspended s o l i d s  l e v e l s  
increase through surge tank N o .  2 p r i o r  t o  
re in3ect ion.  Monitoring suspended s o l i d s  
l eve l s  i n  the  r e i n j e c t i o n  f l u i d  is c r i t i c a l  
for  t h e  p ro tec t ion  of t h e  r e i n j e c t i o n  zone 
(Jorda, 1978). 

The so lub le  s i l i c a  i n  a l l  instances ,  
shows a decrease through the system. The 
p r e c i p i t a t i o n  of s i l i c a  occurs a s  a func- 
t i o n  of t i m e  and temperature. These da t a ,  
used i n  conjunction with k i n e t i c s  data on 
s i l i c a  p r e c i p i t a t i o n ,  can be use fu l  i n  de- 
termining s i l i c a  equilibrium values i n  the 
system. Thus it is poss ih l e  t o  p r e d i c t  how 
much s i l i c a  w i l l  have p r e c i p i t a t e d  a t  any 
given pos i t i on  i n  t h e  conditioning system. 

Table I1 gives  t h e  r e s u l t s  of I C P  ana- 
l y s i s  of t h e  suspended s o l i d s  of sample set  
No. 5. From a data  set  such a s  t h i s ,  it is  
possible  t o  monitor component changes i n  
the  b r i n e  a s  it is processed by t h e  system. 

CONCLUSIONS 

A sampling procedure fo r  atmospheric 

geothermal b r i n e s  must s a t i s f y  two re- 
quirements t o  be e f f e c t i v e .  F i r s t ,  t he  
procedure must minimize t h e  thermodynamic 
and chemical changes t h a t  a r e  inherent t o  
t h e  c o l l e c t i o n  of samples of geothermal 
f l u i d s .  Second, the procedure must y i e l d  
a sample t h a t  remains chemically - s t ab le  
u n t i l  analyzed. 

The sampling procedure a s  described 
provides a means for  s a t i s f y i n g  these  re-  
quirements. It provides a r e l i a b l e  meth- 
od f o r  determining the amount of suspend- 
ed s o l i d s  p re sen t  a t  any po in t  i n  a b r i n e  
condi t ioning system. I t  a l s o  provides a 
method f o r  s t a b i l i z i n g  a f i l t e r e d  b r i n e  
sample f o r  q u a n t i t a t i v e  and q u a l i t a t i v e  
component ana lys i s .  With these  require-  
ments s a t i s f i e d ,  an accurate  representa- 
t i o n  of the b r i n e  a s  it ex i s t ed  when 
taken from a given sampling loca t ion  can 
be obtained. Final ly ,  t h i s  sampling pro- 
cedure enables i ts  user t o  accu ra t e ly  
monitor a geothermal b r i n e  conditioning 
system. 
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Northviest Laboiator ies ,  Richland, Wash. 

TABLE I 
SYSTEM ANALYSIS SAMPLES 

S e t  Uo. Sample NO. Flow Rate Samplrng Temperature Suspnnded Soluble 
bbl/dav Position* lot) Solida Iw/L) SiO,f*fpma) 

FIGURE 1 
VETTER RESEARCH 

BRINE CONDITIONING SYSTEM 

12-10-1 1 95 0 624 242 

12-10-3 3 79.0 330 i a i  
\l. 12-LO-2D 14,000 2 92.5 656 2 12 

98.0 5 90 272 12-10-4 90.5 638 227 
2. 12-10-5 14,000 2' 3 84.0 368 la9  

12-10-6 

1 97.0 
2 84.5 

12-11-7 
12-11-8 

12-11-10 4 79.0 
5 75 0 12-11-11 

1 97.0 
2 91.5 

12-11-12 
12-11-13 

ez.0 

uo.2 12-11-16 5 70.0 

Reactor 
Clar i f ier  

3. 12-11-9 11,000 3 85.0 

4.  12-11-14 11,000 3 
Tank No.1 p - d  ::zr ::?;ctLon 12-11-15D 4 74.0 

nixed-l(odia 
Bed Tanks s n t t l i n g  

Tanka 

@ SampLrng Port Positron 

F i l t e r s  

5 .  

12-13-16 
12-13-17 
~ Z - L ~ - L B  
12-13-19 
12-13-20 

26,000 
1 2 
3 

98.0 

89.0 
96.0 

4 a3 o 
5 79.0 

1 97.5 
2 97.0 

91.0 
4 79.0 
5 80.5 

12-14-1 
12-14-2 

12-14-4 
12-14-5 

6. 12-14-3 25,000 3 

604 256 
406 194 

46 155 
122 153 

184 ias 

a57 
sza 
308 iao 

220 

148 147 
136 141 

642 

2 76 
2 2 1  

600 
546 434 
222 149 
240 146 

i a  1 

286 

1076 iao 
244 660 

744 151 
740 141 

584 

Refer t o  Figure No. 1 
** Solubln a i l i c e  detemmed by hstatopoly blue method 

TABLE II 
ICP ANALYSIS - SET NO. 5 SUSPENDED SOLIDS 

12-13-17 n - n - i a  12-13-19 12-13-20 ConatLtuent 12-13-16 

(*I lng/L) (74) (w/L) (XI (w/L) (%I (nq/L) 1%) (W/L) 

m t a l  
Suspended 100.0 600.0 100.0 546.0 100.0 434.0 100 0 222.0 LOO 0 240.0 
Solids 

Iron 17.1 102.6 17.1 93.4 15.9 69.0 21.3 47.3 18.7 44.9 

sodium 1.9 11.4 1.6 8.7 2.a 1 2 . 1  1.5 3 . 3  4 .7  11.3 

Lead .a 4.8  .9 4 .9  .6 2.6 .4 .9 .4 1 0 

potaasrum -4 2 .4  .3  1.6 .4 1.7 .2 .4 .5 1.2 

.1 .2 copper .2 1.2 .2 1.1 . I  .4 .1 .2 

.2 .9 .l .2 .1 .5 HiInganese .2 1.2 .2 1.1 

Boron -2 1.2 .1 .5 -1 .4 .1 2 .1 .2 
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