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ABSTRACT 

Br ine and steam were sampled on 
December 29 and 30, 1985. A four-step 
temperature cascade was establ ished i n  a 
t e s t  sect ion of the f low l ine .  I n  t h i s  
way, enthalpy data could be obtained from 
the chemical data. 

Br ine compositions, on a bas is  of 
t o t a l  f low, are computed separately f o r  
Dec. 29 and 30; t o t a l  d issolved s o l i d s  
were 25.54+0.23 and 25.47+0.036 weight 
percent. Carbon d iox ide and hydrogen 
s u l f i d e  were 1664+20 and 7.01 ppm, 
respect ively,  on Dec. 30. C O 2  and HzS 
comprised about 98.5 mole percent o f  the 
s u i t e  o f  non-condensable gases. Data on 
other components are tabulated. 

E f f e c t i v e  pre-f lash enthalpys were 
335 and 349 Btu / lb  on December 29 and 30, 
respect i  ve l  y. These correspond t o  
temperatures of 548 and 567OF. The 
greatest  observed steam y i e l d  was 18.5 
weight percent a t  328OF on Dec 30. 

INTRODUCTION 

The Sal ton Sea S c i e n t i f i c  D r i l l i n g  
Pro ject  (SSSDP) wel l ,  State 2-14, was 
t e s t  flowed on December 28-30 from the 
i n t e r v a l  6000-6227 fee t  . The surface 
f a c i l i t y  consisted mainly o f  10-inch 
diameter f low l ine .  It wa5 equipped wi th  
a four step temperature cascade, wi th  
access p o r t s  f o r  sampling l i q u i d s  and 
gases a t  each step, and terminated w i th  a 
James tube and a s i lencer .  More than 20 
geochemists par t i c ipa ted  i n  sampling 
and/or analys is  o f  the  br ine,  steam, and 
r e l a t e d  materials. This r e p o r t  provides 
the  reference composition of  the f l u i d s .  

The general layout o f  the  t e s t  
sect ions i s  shown i n  a companion paper 
( 1 )  which a lso  describes the  chemical 
method used t o  determine steam f r a c t i o n s  
i n  the temperature cascade. 

Four insu lated zones i n  a t e s t  
sect ion were separated by o r i f i c e  p l a t e s  
i n  order t o  set  up a cascade of 
temperature-pressure cond i t i  ons . The 
f u l l  f low of  the  geothermal f l u i d  passed 
through t h i s  t e s t  section. Ind iv idua l  
steps i n  t h e  cascade involved increments 
i n  steam y i e l d s  of about 1 t o  8 weight 
percent ( t o t a l  f low basis)  . T h i  I 
corresponds t o  about 7 t o  70 r e l a t i v e  
percent on a bas is  of steam. 

One ob jec t ive  of sampling was t o  
f o l l o w  t racers  i n  the steam and b r i n e  
phases w i th  enough prec is ion t o  quant i f y  
those steam increments. Key t racers  were 
na tura l  carbon d iox ide i n  t h e  steam and 
na tura l  c h l o r i d e  i n  the br ine.  Another 
major ob jec t ive  was t o  character ize the  
b r i n e  composition i n  terms of  major and 
minor elemental .components. 

STEAM FRACTIONS AT THE SAMPLING PORTS 

For Dec 30, the  steam f r a c t i o n s  a t  
the  sampling p o r t s  were determined by a 
chemical method ( 1  1 . Results are shown 
here wi thout f u r t h e r  explanation. I n  
addi t i  on, t h a t  method y i  e l  ded 
thermodynamic data f o r  t h e  mixed-salt 
brines. However, the t o t a l l y  chemical 
approach could not be used f o r  the Dec 29 
s i t u a t i o n  -- no data were obtained f o r  
COZ i n  steam. Instead, the  steam 
f r a c t i o n s  f o r  December 29 were computed 
by combining the  measured c h l o r i d e  values 
w i t h  the  enthalpy re la t ionsh ips  
determined i n  (1). The p r i n c i p l e  i s  
s i m i l a r  t o  t h e  descr ip t ion i n  (2). 

Results are shown i n  Table 1. The 
numbering of  p o r t s  i s  re ta ined from f i e l d  
designation. F o r t  3 was i n  the  f i r s t  
t e s t  spool, Por t  6 was i n  the fourth.  
Although b r i n e  and steam sampling po in ts  
were phys ica l l y  d i f f e r e n t  on each t e s t  
spool, they are given t h e  same p o r t  
numbers . 

I n  add i t ion  t o  the f l a s h  f r a c t i o n  
resu l ts ,  est imates of t he  pre-f lash b r i n e  
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enthalpy are obtained. I n  the  case f o r  
Dec 29, a p re f lash  c h l o r i n i t y  o f  153,688 
ppm, obtained i n  (1) f o r  December 30, i s  
used t o  der ive a pre-f lash enthalpy value 
of 335 Btu/ lb.  This corresponds t o  an 
e f f e c t i v e  f l a s h  temperature of  548OF. 
This i s  lower than the estimate o f  567OF 
f o r  Dec 30, but  not  unreasonable 
considering t h a t  the we l l  was s t i l l  i n  
t h e  e a r l y  warming stages on Dec 29. 

The f lash-temperature re la t ionsh ips  
f o r  Dec 29 and 30 are given i n  Figure 1. 
Enthalpy-temperature-composition 
re la t ionsh ips  found i n  t h i s  work show the  
mixed-salt hypersal ine br ines  have 
s i g n i f i c a n t l y  smaller enthalp ies than 
pure NaCl b r ines  (3)  of  comparable 
concentrat ions and temperatures. 

TABLE 1: 

STEAM FRACTIONS AT SAMPLING PORTS 

Dec 29, enthalpy 335 Btu / lb  
P o r t  3 4 5 6 
OF 43 1 373 327 309 
Flash .lo700 .14621 .17288 -18166 

D e c  30, enthalpy 349 Btu / lb  
OF 45s 395 346 328 
Flash .lo513 -15474 -17781 -18522 

system as a j e t  i n t o  the  atmosphere. 
Samples were co l lec ted  by d i r e c t i n g  t h e  
j e t  i n t o  polyethylene b o t t l e s  t h a t  
contained pre-weighd amounts o f  d i luents .  

Samples f o r  general composition were 
co l lec ted  i n t o  5.0-ml b o t t l e s  t h a t  
contained about 30 g of  0.1N n i t r i c  acid. 
Enough b r i n e  was co l lected t o  make t h e  
acid:br ine r a t i o  about 5:2 .  The b r i n e  
stream from t h e  valve spigot was caught 
d i r e c t l y  i n  t h e  sample b o t t l e  wi thout 
pre-measuring the brine. T h i s  technique 
d e l i v e r s  t h e  b r i n e  from hot + lowl ine  t o  
sample b o t t l e  i n  j u s t  the few seconds o f  
t r a v e l  t ime through the tubing. The 
quick d i l u t i o n  and a c i d i f i c a t i o n  are 
considered advantageous, especi a1 1 y f o r  
s i l i c a .  Samples of hypersal ine b r i n e s  
are s t a b l e  f o r  many months when co l lec ted  
i n  t h i s  way. 

Figure 1: Flash Percent 
vs 
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BRINE SCSMPLING CSND PREPARATION 

Two k inds of  b r i n e  samples were 
taken, one f o r  the  ch lo r ide  t racer  and 
t h e  other f o r  general composition. Both 
were taken w i th  the  same p o r t  equipment 
b u t  d i+ fe red  i n  sample handling 
procedures. 
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Br ine sampling equipment i s  
diagrammed i n  Figure 2. Welded t o  the  
10-inch t e s t  SpOOlS and f u l l y  open t o  the  
two-phase f low inside, w e r e  downcomers of  
4-inch diameter p ipe  which terminated i n  
a system of  access valves. The b r i n e  i n  
the  downcomer tends t o  deposi t  scale, so 
operat ing the  blowdown valve assures t h a t  
sampled l i q u i d  i s  r e l a t i v e l y  fresh. 

A 1/4-inch (heavy w a l l )  s ta in less  
s t e e l  tub ing was passed through an access 
valve t o  tap the  one-phase l i q u i d  t h a t  
co l lec ted  i n  the  downcomer. The probe 
was i n t e g r a l  w i t h  a sect ion of  1/8-inch 
diameter s ta in less  tubing, shaped i n t o  a 
c o i l  and cooled i n  a water bath. I c e  was 
used t o  prevent the cool ing water from 
g e t t i n g  hot,  but  i c e  temperatures w e r e  
avoided. A c o l l e c t i o n  temperature of 100 
t o  140 F i s  considered ideal .  Flow 
through t h e  probe system w a s  con t ro l led  
by a valve on the  cool end o f  the  118- 
inch tubing. Br ine ex i ted  t h e  probe 

D i l u t i o n  fac to rs  are determined by 
weighing5 t o  the  nearest mi l l ig ram on an 
a n a l y t i c a l  balance. They are accurate t o  
b e t t e r  than +0.0001 ( r e l a t i v e )  . 

The a c i d i f i e d  b r i n e  samples were 
reweighed i n  t h e  DNA laboratory.  
A l iquots  w e r e  taken and d i l u t e d  f u r t h e r  
i n t o  20 percent n i t r i c  acid. Subsequent 
analys is  was by a commercial laboratory,  
mainly using induc t ive ly  coupled plasma 
(ICP) . Chlor ide w a s  determined 
(independently from the oceanographic 
method) by t i t r a t i o n ,  s u l f a t e  by 
turd id imetry ,  and ammonia by s p e c i f i c  i o n  
el ec tr ode. 

The commercial lab  r e s u l t s  were 
based on volumetr ic standards (ppm = 
mg/l). These were converted t o  a weight 
bas is  (ppm = mg/kg) through densi ty  
measurement o f  the  20 percent n i t r i c  ac id  
c a r r i e r  (1.145 g/ml) and the  use of  
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FIGURE 3: STEAM SAMPLING ARANGEMENT 

weighing5 t o  determine the other d i l u t i o n  
factors .  Density of whole b r i n e  i s  near 
1.2 g/ml, thus the d i s t i n c t i o n  between 

concentrat ions re fe r red  t o  i n  t h i s  paper 
a re  on weight basis. 

mg/ l '  and mg/kg i s  important. A 1  1 

Samples f o r  determination o f  the 
ch lo r ide  t racer  were co l lec ted  s i m i l a r l y ,  
except t h a t  about 100 g of d i s t i l l e d  
water wa5 used and b r i n e  was co l lec ted  t o  
b r i n g  the mixture i n t o  the range of 
seawater c h l o r i n i t y .  ( C h l o r i n i t y  and 
ch lo r ide  content are used synonymously i n  
t h i s  repor t ) .  

The mixture was reweighed and 
t i t r a t e d  immediately i n  a f i e l d  
laboratory  by an oceanographic method 
t h a t  involved standardizat ion by standard 
mean ocean water (4). Subsequently, i n  
t h e  home laboratory,  (H IT ) ,  the  t i t r a n t  
wa5 restandardized and other a c i d i f i e d  
samples were analyzed. The f i n a l  
selected r e s u l t s  are bel ieved accurate t o  
about +0.002 ( r e l a t i v e ) ,  f o r  s i n g l e  
analyses. Repl icate analyses y i e l d  
p r o p o r t i o n a l l y  b e t t e r  values. 

GAS SAMPLING AND ANALYSIS 

Brine-f ree steam samples were 
obtained through in-Line separator 
devices b u i l t  i n t o  the t e s t  spools. 
Because b r i n e  carryover occurred a t  some 
por ts ,  a por tab le cent r i fuga l  separator 
was attached i n  ser ies  between t h e  i n -  
l i n e  separator and the gas sampling 
equipment. T h i s  arrangement (Figure 3) 
provided h igh  qual i t y  steam samples and 
was used a t  a l l  steam sampling ports.  

Surging of  pressure (and 
temperature) i n  the two-phase f l o w l i n e  
was prominent, but  steamside pressure was 
leveled by manual con t ro l  o f  the 
steamside cont ro l  valve. I n  p r i n c i p l e ,  
t h e  surging i s  concommitant w i th  
incremental d i f ferences i n  f l a s h  f r a c t i o n  
and hence composition of steam i n s i d e  the  
separator. Cycle frequency i n  t h i s  case 
was about 4/minute, thus, the  
co l lec t ions ,  which take 3 to 7 minutes, 
provided considerable averaging about the 
mid-range condi t ions.  

Sampling and analysis f o r  non- 
condensible gases i n  steam was done by a 
syr inge method ( 5 )  modif ied t o  improve 
precis ion.  A syr inge clamp was used t h a t  
s e t  the working volume of the syr inge t o  
be the  same f o r  a l l  samplings. The 
volume was standardized i n  the laboratory  
by weighing and ca lcu la t ing  the 
temperature correct ion.  Condensate was 
recovered i n t o  pre-weighed v i a l s  f o r  re-  
weighing. 

PL = L ine Pressure ( t o  450 ps ig )  
P- = Syringe Pressure (12 ps ig )  
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The p r i n c i p l e  of  t h e  s y r i n g e  method 
(5) f o r  COZ a s s a y  is t o  e s t a b l i s h  t h e  
pressure and volume of t h e  g a s  and 
c o n d e n s a t e  a t  ice t e m p e r a t u r e .  Then t h e  
amount of COz i n  t h e  c o n d e n s a t e  is g i v e n  
by t h e  Bunsen c o e f f i c e n t  (STP m l  of g a s  
p e r  m l  of l i q u i d  a t  1 a t m .  g a s  p r e s s u r e )  
a n d  t h e  g a s  e q u a t i o n  is a p p l i e d  t o  t h e  
gas p h a s e  a n d  t h e  Bunsen volume t o  
compute t h e  to ta l  amount of C02. 
C a l  c u l  a t  i on r e q u i  res t h e  a b s o l u t e  
p r e s s u r e  of GO=. 

T h e  non-COZ g a s e s  ( n i t r o g e n ,  
methane,  hydrogen ,  etc.) are n o r m a l l y  
d e t e r m i n e d  w i t h  t h e  COZ a s s a y  as a n  
u n d i f f e r e n t i a t e d  group.  T h i s  p r o v i d e s  
d a t a  t o  compute a molar r a t i o  of COdnon- 
COZ g a s e s  which i n  t u r n  p e r m i t s  
c a l c u l a t i n g  t h e  GO= pressure f r a c t i o n s  i n  
t h e  other c o l l e c t i o n s .  

An a l t e r n a t i v e  w a s  p r o v i d e d  by a n  
i n d e p e n d e n t l y  d e t e r m i n e d  c o m p o s i t i o n  of 
t h e  gas m i x t u r e  (6). Both c o m p o s i t i o n s  
w e r e  u sed  t o  compute CO2 a s s a y s  and  e a c h  
r e s u l t  w a s  w i t h i n  t h e  error l i m i t s  of t h e  
other.  T h e  a s s a y  c o m p u t a t i o n s  based on 
(6) are p r e f e r r e d  and  r e p o r t e d  h e r e .  

Ammonia, p r e s e n t  i n  t h e  steam, is 
s u s p e c t e d  t o  b e  d i s s o l v e d  i n  c o n d e n s a t e  
upon f o r m a t i o n  of NH4* and HCO=- by 
r e a c t i o n  w i t h  COz.  I t  i n v o l v e s  no 
s i g n i f i c a n t  v a p o r  p r e s s u r e  i n  t h e  a s s a y  
and  t h e  COZ consumed by ammonia is 
d i s r e g a r d e d .  

Hydrogen s u l f i d e  w a s  d e t e r m i n e d  i n  
t h e  m i x t u r e  of  c o n d e n s a t e  and NaOH 
o b t a i n e d  from t h e  c o l l e c t i o n  r e g a r d i n g  
t h e  o t h e r  non-COZ g a s e s .  The m i x t u r e  is 
s t a b i l i z e d  i n  t h e  f i e l d  w i t h  z i n c  acetate 
s o l u t i o n  and a n a l y z e d  i n  a l a b  by 
iodomet ry .  

TfiBLE 2: 

SUMMARY OF GAS CONTENTS 

P o r t  3 4 5 6 
Temp 455 395 346 328 
Stcam F r a c t i o n  .lo513 -15474 -17781 -18522 
C02 (ppm) 

Steam 153524 10521 9462 8988 
'total Flow 1662 1634 1687 166U 

Steam 46.2 38.3 
T o t a l  Flow 7.15 4.86 

HAS (ppm) 

f ive rages  on a t o t a l  f l o w  bases: 
COz 1664f20; HzS 7.01 

ADJUSTMENTS TO BRINE CONCENTRATIONS 

A n a l y s i s  by ICP i n  a commercial 
l a b o r a t o r y  p r o v i d e d  t h e  basic data f o r  
c a t i o n s .  Lab r e s u l t s  are a d j u s t e d  b y  t h e  
d i l u t i o n  f a c t o r s  and carrier d e n s i t i e s  t o  
y i e l d  g r o s s  c o n c e n t r a t i o n s  of  f i e l d  
samples .  T h e s e  g r o s s  c o n c e n t r a t i o n s  are 
s u s c e p t i b l e  t o  f u r t h e r  a d j u s t m e n t s  t h a t  
re1 ate t o  electrical c h a r g e  ba l  ance .  

C h l o r i d e  a c c o u n t s  for more t h a n  99.9 
p e r c e n t  of t h e  n e g a t i v e  c h a r g e  i n  t h e  
b r i n e  c o m p o s i t i o n .  The p r e c i s i o n s  and 
a c c u r a c y s  of t h e  o c e a n o g r a p h i c  c h l o r i d e  
v a l u e s  are t h e  b e s t  i n  t h e  e n t i r e  data 
set. They are also c o n s i d e r e d  t o  b e  
unb i ased . Thus, r a t h e r  t h a n  s i m p l y  
r e p o r t i n g  t h e  s i z e  of t h e  c h a r g e  i m b a l a n c e  
between c a t i o n s  and a n i o n s ,  t h e  c a t i o n  
c o n c e n t r a t i o n s  are a d j u s t e d  t o  ma tch  t h e  
c h a r g e  of t h e  c h l o r i d e .  T h e s e  a d j u s t e d  
v a l u e s  are c o n s i d e r e d  t o  b e  t h e  b e s t  
a v a i l a b l e  r e p r e s e n t a t i o n  of t h e  b r i n e  
c o m p o s i t i o n .  

The o v e r a l l  b i a s  of t h e  c a t i o n  
a n a l y s i s  is g i v e n  by summing t h e  c a t i o n  
c h a r g e s  and comparing t h e  r e s u l t  w i t h  t h e  
c h l o r i d e .  For t e n  s a m p l e s ,  t h e  a v e r a g e  
b i a s  is +0.0262 of t h e  c h l o r i d e  v a l u e  and 
t h e  s t a n d a r d  d e v i a t i o n  is 0.0106. N o  
s a m p l e s  show a n e g a t i v e  b i a s .  Thus ,  t h e  
g r o s s  p r e c i s i o n  of t h e  ICP data is b e t t e r  
t h a n  t h e  b i a s  and a n  upward a d j u s t m e n t  is 
w a r r a n t e d .  

I n  making t h e  c h a r g e  b a l a n c e ,  t h e  
r e l a t i v e  p r e c i s i o n  of e a c h  i n d i v i d u a l  
c a t i o n  w a s  d e t e r m i n e d  from r e p l i c a t e  
a n a l y s e s .  These  r e l a t i v e  p r e c i s i o n  v a l u e s  
w e r e  m u l t i p l i e d  by nominal c o n c e n t r a t i o n s  
of t h e  r e s p e c t i v e  c a t i o n s  t o  o b t a i n  a n  
i n d e x .  The t o t a l  b a l a n c i n g  c h a r g e  needed 
w a s  t h e n  a s s i g n e d  t o  e a c h  c a t i o n  i n  
proport ion t o  its index .  I n  t h i s  way, t h e  
m o r e  a b u n d a n t  components carried m o s t  of 
t h e  c h a r g e  a d j u s t m e n t  and n o  a d j u s t m e n t  of  
a s i n g l e  c a t i o n  exceeded its own 
a n a l y t i c a l  p r e c i s i o n .  For example,  sodium 
c a r r i e d  0.427 of t h e  c h a r g e  a d j u s t m e n t s  
and  f i v e  components ,  N a ,  K ,  C a ,  F e ,  and 
"e', c o l l e c t i v e l y  carried more t h a n  0.94 
of t h e  a d j u s t m e n t .  

FIELD COMPOSITION OF BRINES 

The f i e l d  c o m p o s i t i o n s  reported i r r  
Tzblc 3 i n c l u d e  t h e  c h a r g e  b a l a n c i n g  
p r o c e d u r e  d e s c r i b e d  above. D i l u t i o n  
f a c t o r s ,  described earlier, are also 
i n c o r p o r a t e d .  Averages  are u s e d  where 
r e p l i c a t e s  w e r e  a v a i l a b l e  ( P o r t s  3, 4, and 
6 on  D e c  30). 

T h e r e  w a r ,  no sample  f o r  P o r t  6 on  D e c  
29. The l i s t i n g  i n  T a b l e  3 is b a s e d  on 
t h e  a v e r a g e  of t h e  o t h e r  p o r t s  on Dec 29, 
w i t h  c o n v e r s i o n s  made t h r o u g h  t h e  f l a s h  
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f r a c t i o n  values as appropriate. 

Su l fa te  determinations were made on 
two samples; Dec 30, Por ts  3 and 4. 
Values are 136 and 117 ppm, respect ively.  
Analy t ica l  detect ion l i m i t  was about 50 
ppm, considering d i l u t i o n s  of t h e  samples. 

S i l i c a  concentrat ions show marked 
reduct ions through the  t e s t  system. The 
impl ied deposi t ion r a t e  i s  much greater 
than ind icated by thicknesses of  scale 
deposits. Reasons f o r  the  mismatch 
deserve study. 

0 DAY DECEIBEF !? DEGEl l6ER 33 
HOUR l75d 1755 1755 1215 1341 1433 1255 

CODE 6 1  J C A L C  G C  A €  
FLASY .10!00 ,14621 ,17288 ,18166 .l(r513 ,15474 ,17781 ,18522 

PORT 3 4 5 6  3 4 5 b  

64148 64574 
3.3331 33052 
10119 20451 
1506 1892 
1704 1707 
626 d28 
342 465 
499 500 
3 3  J97 
314 314 
i51 246 
237 236 
113 119  
43 4s 

59756 

18398 
29428 

1697 
1531 
559 
530 

382 
281 
21 E 
21 1 
105 
41 

. 450 

I 
02405 b3794 
.309?5 32614 
11488 20109 
1774 i857 

063 616 

480 496 
413 361 
300. 305 
224 237 
222 232 
10s 115 
40 45 

1651 1688 

, 466 234 

64753 
32967 
20310 
1897 
17?2 
624 
380 
49 8 
415 
311 
24 1 
235 
122 
48 

PRE-FLASH BRINE COMPOSITION 

The pre- f lash compositions f o r  the  
two sampling days are given i n  the r i g h t  
h a l f  o f  Table 4, i n  terms o f  averages and 
uncer ta in t ies  of t h e  mean (U.H.1. Table 4 
i s  derived from the Table 3 values 
m u l t i p l i e d  by (1 - f )  and averaged over each 
days samples. The averages are d i f f e r e n t  
by amounts t h a t  approach s ign i f i cance i n  
terms of the  U.M. values. 

Cln a l t e r n a t i v e  comparison of t h e  
b r i n e  corn position!^ on the  d i f f e r e n t  days 
can be made through r a t i o s  of components. 
Spec i f i ca l l y ,  l i t h i u m  determinations are 
the most reproducible, based on t h e  
r e p l i c a t e  samples. Thus, t h e  r a t i o  o f  
element concentrat ion t o  the  l i t h i u m  
concentrat ion i s  a sens i t i ve  i n d i c a t o r  of 
v a r i a t i o n  between samples. 

The averages and U.M. values f o r  
element/ l i th ium r a t i o s  are given i n  t h e  
l e f t  ha l f  o f  Table 4. The d i f ferences i n  
the  U.M. values, v is-5-vis the  two 
sampling days, are r e l a t i v e l y  less than 
t h e i r  concentrat ion counterparts i n  t h e  
other side, as expected. 
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