
i 

i ; 

! 

/ 

i 
I 

t 

I 
1 

! 

I A. .. 
CALCULATION OF BRINE PROPERTIElS 

, 

Gerald L. Dittman 

I 

i \ February 16,  1977 
\ 

, 

This is  an informal report intended 
primarily for internal or limited 
external distribution. The opinions 
and conclusions stated are those of 

t3lSTRIBUTION OF THIS DCCUMENT IS yNLIMITE6’ 



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. 
 



ABSTRACT 

Simple a n a l y t i c a l  expressions a r e  presented f o r  e s t i m a t i n g  geothermal b r i n e  

thermophysical  p r o p e r t i e s  above 8OoF and f o r  s a l t  con ten ts  between 5 and 

25 pe rcen t  by we igh t .  

L i n e a r  r e g r e s s i o n  by t h e  method o f  l e a s t  squares i s  used t o  c u r v e - f i t  s a t u r a t e d  

l i q u i d  en tha lpy  and d e n s i t y  da ta  on s imu la ted  b r i n e s .  

i s  c a l c u l a t e d  as a percentage o f  t h e  pure water s a t u r a t i o n  pressure  a t  t h e  same 

temperature.  

t o  the  d i f f e r e n t i a l  equat ion  f o r  en t ropy  change u s i n g  t h e  p r e v i o u s l y  determined 

r e l a t i o n s h i p s  f o r  t h e  o t h e r  p r o p e r t y  values needed. 

B r i n e  s a t u r a t i o n  pressure  

Satura ted  l i q u i d  b r i n e  en t ropy  i s  determined f rom an approx imat ion  

B r i n e  vapor p r o p e r t i e s  a r e  assumed equal t o  steam p r o p e r t i e s  a t  t h e  same 

temperature and pressure and a r e  ob ta ined  from t h e  ASME e q u a t i o n - o f - s t a t e  f o r  

pure  water.  
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I n t r o d u c t i o n  
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I J 

S i m p l i f i e d  a n a l y t i c a l  express ions a r e  c u r r e n t l y  needed t o  p r o v i d e  es t imates  

o f  t h e  e q u a t i o n  o f  s t a t e  f o r  geothermal b r i n e s .  These express ions can then be 

i n c o r p o r a t e d  i n t o  var ious  numerical  codes developed f o r  t h e  T o t a l  Flow program 

t h a t  r e q u i r e  p r e d i c t i o n s  o f  Sa l ton  Sea b r i n e  thermophysica l  p r o p e r t i e s  as 
f u n c t i o n s  o f  temperature and s a l t  c o n t e n t  (1  1 . 

Researchers a t  t h e  Denver Research I n s t i t u t e  - U n i v e r s i t y  of Denver have 

measured thern iophys ica l  p r o p e r t i e s  i n  t h e  l a b o r a t o r y  u s i n g  water  s o l u t i o n s  w i t h  

v a r y i n g  we igh t  p e r c e n t  s o l i d s  w i t h  a cons tan t  c o n c e n t r a t i o n  o f  potassium, ca lc ium, 

and sodium c h l o r i d e s  i n  t h e  r a t i o  1.00: 1.95: 3.55, r e s p e c t i v e l y ,  t o  s i n u l a t e  

S a l t o n  Sea geothermal b r i n e s  (’I. Haas has produced a complex mathematical  model 

f o r  p r e d i c t i n g ,  w i t h  h i g h  p r e c i s i o n ,  t h e  l i q u i d  s a t u r a t i o n  pressure  and d e n s i t y  

corresponding t o  a s a t u r a t i o n  temperature f o r  b r i n e  o f  c o n s t a n t  compos i t ion  u s i n g  

a v a i l a b l e  da ta  f o r  vapor -sa tura ted  sodium c h l o r i d e - w a t e r  s o l u t i o n s  ( 3 ) .  Daley, 

e t  a l ,  measured t h e  e n t h a l p y  o f  severa l  concent ra tes  o f  n a t u r a l  seawater. From 

t h i s  data they  developed a complex and p r e c i s e  mathematical  express ion  f o r  

p r e d i c t i n g  t h e  e n t h a l p y  which was then used i n  o t h e r  a n a l y t i c a l  f o r m u l a t i o n s  t o  
c a l c u l a t e  e n t r o p y  and s p e c i f i c  heat  as a f u n c t i o n  o f  temperature ( t o  400°F) f o r  

t h e  severa l  s a l i n i t i e s  chosen ( 4 ) .  

a d d i t i o n a l  data,  and suggested t h e  use o f  an approx imat ion  f o r  p r e d i c t i n g  b r i n e  

s a t u r a t e d  l i q u i d  e n t h a l p y  based on t h e  pure  water  va lue  a t  the  a p p r o p r i a t e  

s a t u r a t i o n  temperature and t h e  averaged h e a t  c a p a c i t y  o f  t h e  d i s s o l v e d  s a l t s  

Grens has reviewed some o f  these, and 

( 5 )  . 

P o t t e r  and Haas have rev iewed t h e  p u b l i s h e d  l i t e r a t u r e  f o r  d a t a  on t h e  

thermophysica l  p r o p e r t i e s  of  geotehrmal b r i n e s ,  s imu la ted  b r i n e s  and seawater 

s o l u t i o n s  o f  d i f f e r e n t  s a l i n i t i e s  a t  v a r i o u s  temperatures.  

t h i s  body o f  i n f o r m a t i o n  coupled w i t h  a d d i t i o n a l  exper imenta l  work o f  t h e i r  own 

has l e d  t o  a t h e o r e t i c a l  understanding and b a s i s  f o r  a c c u r a t e l y  p r e d i c t i n g  

geothernial b r i n e  p h y s i c a l  and therniodynamic p r o p e r t i e s  as a f u n c t i o n  o f  compos i t ion  

I n t e r p r e t a t i o n  o f  

and temperature ( 6 )  . 
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Comparisons between t h e  measured o r  p r e d i c t e d  p r o p e r t i e s  o f  t he  s imu la ted  

b r i n e s  and a c t u a l  S a l t o n  Sea b r i n e s  i s  n o t  p o s s i b l e  a t  p resen t  s i n c e  ve ry  l i t t l e  
exper imenta l  da ta  e x i s t s  i n  t h e  l i t e r a t u r e  concern ing  t h e  thermodynamic p r o p e r t i e s  

o f  t he  geothermal f l u i d s  a t  composi t ions and temperatures o f  i n t e r e s t .  Complex 

and p r e c i s e  mathematical  express ions  f o r  p r e d i c t i n g  geothermal b r i n e  p r o p e r t i e s  

based on s i m u l a t i o n s  o f  t h e  f l u i d  do n o t  seem warranted f o r  now. 
mathematical  f o r m u l a t i o n s  a r e  d e s i r e d  u n t i l  exper imenta l  da ta  i s  a v a i l a b l e .  

The approach used here  i s  t o  c u r v e - f i t  some o f  t h e  da ta  f o r  t h e  s imu la ted  b r i n e s  

presented i n  t h e  re fe rences ,  u s i n g  l i n e a r  r e g r e s s i o n  by t h e  method o f  l e a s t  

squares ( 7 ) .  
t he  pure  water va lues  g i v e n  by t h e  ASME equa t ion  o f  s t a t e  a t  t h e  a p p r o p r i a t e  

p ressure  and temperature (8) .  
c o n c e n t r a t i o n s  can be ob ta ined  by i n t e r p o l a t i o n  between t h e  va lues  used here. 

Simple 

The b r i n e  s a t u r a t e d  vapor p r o p e r t i e s  a r e  assumed t o  be equal t o  

It i s  a l s o  assumed t h a t  p r o p e r t i e s  a t  o t h e r  s a l t  

Development o f  t h e  express ions  f o r  b r i n e  s a t u r a t i o n  pressure,  l i q u i d  and 

vapor d e n s i t y ,  en tha lpy  and en t ropy  i s  exp la ined  i n  the  f o l l o w i n g  pages. 
subsequent d i s c u s s i o n  compares t h e  r e s u l t s  o f  these express ions  w i t h  t h e  r e s u l t s  

produced i n  the  c i t e d  re fe rences .  

A 

Nomenclature and U n i t s  

T, T1 , T2 temperatures, O F  

Pure Water P r o p e r t i e s  

PSAT(T), s a t u r a t e d  vapor p ressure  a t  T, P S I A  

SG(T), s a t u r a t e d  vapor lentropy a t  T, BTU/LBM-"R 

SVG(T), s p e c i f i c  volume o f  s a t u r a t e d  water vapor a t  T, FT3/LBM 

B r i n e  P r o p e r t i e s  

HB(T), s a t u r a t e d  l i q u i d  en tha lpy  a t  T and X s ,  BTU/LBM 

HGB(T), vapor en tha lpy  (jt T and PSATB(T), BTU/LBM 

PSATB(T), s a t u r a t e d  vapor p ressure  a t  T and Xs, P S I A  

RHOB(T), l i q u i d  d e n s i t y  a t  T and Xs, LBM/FTJ 

RHOGB(T), vapor d e n s i t y  a t  T and PSATB(T), LBM/FT3 
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SB(T), sa tu ra ted  l i q u i d  en t ropy  a t  T and Xs, BTU/LBM-"R 

SGB(T), vapor en t ropy  a t  T and PSATB(T), BTU/LBM-"R 

Xs, s a l t  con ten t ,  we igh t  pe rcen t  

a13  averaged r a t i o  of b r i n e  and pure water s a t u r a t i o n  pressures a t  T and Xs 

a2, a3, a4, a g 9  reg ress ion  c o e f f i c i e n t s  

r, reg ress ion  a n a l y s i s  c o e f f i c i e n t  o f  de te rm ina t ion  

Resu l ts  

1. B r i n e  S a t u r a t i o n  Pressure,  PSATB(T) 

Using t h e  da ta  i n  Reference 3, Table A1 i n  t h e  Appendix, t h e  r a t i o  o f  

b r i n e  and pure water  s a t u r a t i o n  pressures corresponding t o  t h e  g i v e n  

s a t u r a t i o n  temperatdre (230°F t o  626°F) was formed f o r  each we igh t  pe rcen t  

s a l t .  An average va lue  f o r  t h i s  r a t i o  over  t h e  temperature range was used 

f o r  the  c o e f f i c i e n t ,  al. The b r i n e  s a t u r a t i o n  pressure i s  then determined 

f rom t h e  r e s u l t s  shown 'in Table 1. 

B r ine  Satura ted  Fressure C o e f f i c i e n t s  

PSATFI(T) = a, X PSAT(T) 

1 
X s ,  W t .  Percent  a 

__ 

5 .969 
10 .934 

15 .a94 

20 .847 

25 .794 
F i g u r e  1 i s  a p l o t  o f  b r i n e  s a t u r a t i o n  pressure  and temperature w i t h  s a l t  

con ten t  as a parameter. 
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2. B r i n e  L i q u i d  Densi ty ,  RHOB(T) 

. 

A l i n e a r  r e l a t i o n s h i p  o f  t h e  form RHOB(T) = a 2  x T + a i s  assumed 3 
and a r e g r e s s i o n  a n a l y s i s  was performed u s i n g  t h e  da ta  f rom Reference 3. 

The c a l c u l a t i o n  i s  shown i n  t h e  Appendix and t a b u l a t e d  i n  Table A2. The 

l i n e a r  r e l a t i o n s h i p  appears t o  be a good f i t  t o  t h e  data s i n c e  t h e  va lue  

o f  t h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  i s  v e r y  c l o s e  t o  1. 

c a l c u l a t e d  from t h e  r e s u l t s  shown i n  Table 2. 

B r i n e  d e n s i t y  i s  

TABLE 2 _- 

B r i n e  L i q u i d  Dens i ty  C o e f f i c i e n t s  

RtiOB(T) = a 2  X T + a3  

X,, W t .  Percent  a 2  

5 

10 

15 

20 

25 

- .043 72.60 .9793 

- ,039 73.72 .9853 

- .035 74.86 

-. 032 76.21 

- .030 77.85 

.9921 

.9977 

.9996 

F i g u r e  2 i s  a p l o t  o f  b r i n e  l i q u i d  d e n s i t y  and temperature w i t h  s a l t  c o n t e n t  

as a parameter. 

comparison. 

t h e  pure  water  curve  between about 250°F and 575°F. 

The d e n s i t y  r e l a t i o n s h i p  f o r  pure  water  i s  shown f o r  

The s lopes o f  t h e  b r i n e  curves a r e  t h e  same as t h e  s lope o f  

Above and below these 

values, pure water  d e n s i t y  depar ts  s i g n i f i c a n t l y  f rom a l i n e a r  v a r i a t i o n  

w i t h  temperature and t h e  assumed r e l a t i o n s h i p  f o r  t h e  b r i n e  d e n s i t y  v a r i a t i o n  
i s  n o t  accura te .  The e r r o r  between t h e  a c t u a l  pure  water  d e n s i t y  va lue  and 

t h e  e x t r a p o l a t i o n  of  t h e  s lope back t o  100°F i s  approx imate ly  6%. 
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3. B r i n e  Vapor Densi ty ,  RHOGB(T) 

The b r i n e  vapor d e n s i t y  i s  determined from an' i so thermal  p e r f e c t  gas 
expansion f rom PSAT(T) t o  PSATB(T): 

1 

al 
RHOGB(T) = , where SVG(T) i s  determined f rom t h e  pure  

water  e q u a t i o n - o f - s t a t e  

4. B r i n e  Satura ted  L i q u i d  Enthalpy,  HB(T) 

a 
A power curve  r e l a t i o n s h i p  o f  t h e  form, HB(T) = a4 (T )  5, i s  assumed 

and a l i n e a r  r e g r e s s i o n  a n a l y s i s  was performed u s i n g  t h e  da ta  f rom Reference 4. 

The a n a l y s i s  i s  shown i n  t h e  Appendix and i s  t a b u l a t e d  i n  Table A3. 

power law r e l a t i o n s h i p  appears t o  be a good f i t  t o  the  da ta  because the  

c o e f f i c i e n t  o f  d e t e r m i n a t i o n  i s  a g a i n  c l o s e  t o  1.  

i s  c a l c u l a t e d  u s i n g  t h e  c o e f f i c i e n t s  shown i n  Table 3. 

The 

Satura ted  b r i n e  e n t h a l p y  

TABLE 3 

Saturated B r i  ne 'Enthal py C o e f f i c i e n t s  

WB(T) = a 4 ( T )  a 5  

Xs,  W t .  Percent  "4 
5 .275 

5 

1.1996 

a 
- 

2 r 
- 

.9985 

10 .304 1.1746 .9990 

15 .340 1.1480 .9992 

20 

25 

.368 1.1274 

.396 1 . l o 8 7  

.9994 

.!I995 
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F i g u r e  3 i s  a p l o t  o f  b r i n e  s a t u r a t e d  l i q u i d  en tha lpy  and temperature w i t h  

s a l t  c o n t e n t  as a parameter. 

performed above 4OO0F, the  b r i n e  e n t h a l p y  va lues above t h i s  temperature 

a r e  e x t r a p o l a t e d  u s i n g  t h e  equat ions generated. 

S ince t h e  e n t h a l p y  measurements were n o t  

5. B r i n e  Vapor Enthalpy,  HGB(T) 

The b r i n e  vapor i s  superheated compared t o  pure  water  because t h e  b r i n e  

s a t u r a t i o n  pressure  i s  l e s s  than t h e  pure  water  s a t u r a t i o n  pressure  a t  

temperature,  T. 

s t a t e  a t  temperature,  T and pressure,  PSATB(T). 
The va lue  i s  determined f rom t h e  pure water  equat ion  o f  

6. B r i n e  L i q u i d  Entropy, SB(T) 

Q , an approx imat ion  From t h e  thermodynamic r e l a t i o n s h i p ,  ds = - (dh - 1 
T P 

f o r  t h e  e n t r o p y  change between temperature T1 and T2 i s  g i v e n  by: 

which can be reduced t o :  

a4[ ( ~ 2 ) ~ s  - (TI l a 5 1  - a[PSAT(T2) - PSAT(T1 ) ]  
SB(T2) - SB(T1): 1 - B I j  7 - 

(T + 459.67) 

where. 
2 al 2 (12) . - , BTU-IN 

J a3 FT3-LBF 
a =  

FT-LBF J = 778, BTU 

T1 + T2 , OF 
2 

T =  

-8- 
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The r e l a t i o n s h i p  i s  accura te  f o r  smal l  temperature d i f f e r e n c e s .  

Using t h e  en t ropy  p r e d i c t i o n s  i n  Reference 4 a t  80°F as a s t a r t i n g  

p o i n t ,  t h e  b r i n e  l i q u i d  en t ropy  f o r  the  d i f f e r e n t  composi t ions was 

c a l c u l a t e d  and i s  t a b u l a t e d  i n  t h e  Appendix as Table A4. 

a r e  graphed i n  F i g u r e  4 as a f u n c t i o n  o f  temperature w i t h  we igh t  percent  

s a l t  as a parameter.  

The r e s u l t s  

7. B r i n e  Vapor Entropy, SGB(T) 

The b r i n e  en t ropy  0.f v a p o r i z a t i o n  i s  equal t o  t h e  e n t h a l p y  o f  

v a p o r i z a t i o n  d i v i d e d  by t h e  a b s o l u t e  temperature.  

and can be c a l c u l a t e d  u s i n g  t h e  p r e v i o u s l y  determined thermodynamic p r o p e r t i e s .  

D iscuss ion  o f  Resu l ts  

A comparison o f  t h e  b r i n e  p r o p e r t i e s  f o r  severa l  c o n s t a n t  s a l t  percentages 

and s e l e c t e d  temperatures as t a b u l a t e d  i n  t h e  re fe rences  c i t e d  and p r e d i c t e d  here  

i s  shown i n  Table 4 below. 'The assumed c o n s t a n t  r a t i o  r e l a t i o n s h i p  between b r i n e  

and pure  water  s a t u r a t i o n  pressures ( w i t h  a d i f f e r e n t  va lue  o f  t h e  r a t i o  f o r  each 

d i f f e r e n t  s a l t  c o n t e n t )  appears adequate t o  p r e d i c t  t h e  b r i n e  s a t u r a t i o n  pressure  
as a f u n c t i o n  o f  temperature f o r  t h e  s a l t  percentages considered.  E x c e l l e n t  

agreement between t h e  pressure  p r e d i c t i o n s  (up t o  400°F maximum) f rom References 2 

and 3 i s  a l s o  shown. 

Very good agreement between t h e  l i n e a r  curve  f i t  and source da ta  (Reference 3 )  

i s  shown f o r  l i q u i d  d e n s i t y .  However, s i n c e  t h e  b r i n e  d e n s i t y  v a r i a t i o n  w i t h  

temperature r e a l l y  f o l l o w s  t h e  shape o f  t h e  pure  water  d e n s i t y  curve,  t h e  l i n e a r  

assumption i s  n o t  accura te  and leads t o  b r i n e  d e n s i t y  p r e d i c t i o n s  t h a t  a r e  h i g h  

by about  s i x  percent  a t  100°F and 600°F. Again, e x c e l l e n t  agreement e x i s t s  

between t h e  two r e f e r e n c e s  (up t o  400°F) f o r  t h e  d e n s i t y  p r e d i c t i o n s  a t  t h e  

s a l i n i t i e s  l i s t e d .  The power law r e l a t i o n s h i p  between s a t u r a t e d  b r i n e  e n t h a l p y  
and temperature a t  t h e  s a l i n i t i e s  considered i s  i n  good agreement w i t h  t h e  source 

da ta  (Reference 4 ) .  The D R I  measurements, however, appear t o  be c o n s i s t e n t l y  

-1 0- 
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lower  than t h e  Daley, e t  a l ,  measurements on seawater concent ra tes .  On t h e  

o t h e r  hand, t h e  technique suggested by Grens p r e d i c t s  lower  en tha lpy  a t  t h e  

lower  s a l t  c o n t e n t  b u t  h i g h e r  en tha lpy  a t  t h e  upper s a l t  percentages. 

r e l a t i o n s h i p  d e r i v e d  here w i l l  be considered adequate u n t i l  exper imenta l  da ta  

i s  a v a i l a b l e  f o r  comparison. 

The 

Comparison of  t h e  va lues o f  s a t u r a t e d  b r i n e  en t ropy  c a l c u l a t e d  i n  Reference 4 

and here f o r  t h e  severa l  s a l i n i t i e s  considered and up t o  4OO0F, shows reasonable 

agreement between r e s u l t s .  

Simple mathematical  express ions f o r  e s t i m a t i n g  t h e  b r i n e  p r o p e r t i e s  of 

d e n s i t y ,  s a t u r a t i o n  pressure,  en tha lpy  and en t ropy  have been generated. They 

a r e  based on e x i s t i n g  da ta  f o r  c o n s t a n t  composi t ion water  s o l u t i o n s  o f  p r i m a r i l y  

sodium c h l o r i d e  arid f o r  severa l  concent ra tes  o f  n a t u r a l  seawater. Comparison 

o f  t h e  p r o p e r t i e s  p r e d i c t e d  by t h e  r e l a t i o n s h i p s  employed here  and t h e  data 

used t o  generate t h e  express ions,  i n d i c a t e s  very  good agreement ( l e s s  than 

6 p e r c e n t  d i f f e r e n c e )  f o r  t h e  temperatures and s a l i n i t i e s  considered.  

More complex and p r e c i s e  mathematical  express ions have been developed i n  

t h e  references c i t e d  f o r  p r o p e r t i e s  o f  t h e  s imu la ted  b r i n e s  and c o u l d  be used 

i n  numerical  a p p l i c a t i o n s .  However, u n t i l  da ta  on a c t u a l  S a l t o n  Sea b r i n e s  a r e  

a v a i l a b l e  and comparisons between p r e d i c t i v e  techniques made, use o f  t h e  more 
s imp le  express ions seem adequate. 
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TABLE 4 

Weight T , 
Percent  O F  

S a l t  

COMPARISON OF B R I N E  PROPERTIES A T  SEVERAL SALT PERCENTAGES 

AND SELECTED TEMPERATURES 

Sat. Liquid Entropy 

I I I 1 
- I  

S a t u r a t i o n  P r e s s u r e ,  P S I A  L i q u i d  D e n s i t y ,  LBM/FT Sat .  L i q u i d  Enthalpy,  BTU/LBM BTU/ L BM- 'R 3 
- 

R e f .  2 

I .  
--I 

w 
I 

200 11.3 
5 400 241.7 

- -  6 00 
200 10.9 

10 400 235.4 
- -  600 

200 10.4 

15 400 221.7 
- -  600 

200 9.8 
20 400 210.8 

- -  600 

200 9.3 
25 400 198.1 

600 - -  

9.7 I 9.2 72.0 71.6 71.8 124 142 134 

1232.8 11225.1 - - 60.2 59.9 - -  
197.3 '1 96.4 66.6 66.1 65.8 256 , 300 300 

- -  1 491 ! 
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Appendix 

Tab le  A1 - B r i n e  S a t u r a t i o n  Pressure C o e f f i c i e n t s  

L i n e a r  Curve -F i t  A n a l y s i s  

Tab le  A2 - L i n e a r  Curve -F i t  Regression C o e f f i c i e n t s  

Power Law Curve-Fi t Analys i s  

Tab le  A3 - Power Law Curve -F i t  Re f ress ion  C o e f f i c i e n t s  

Tab le  A4 - C a l c u l a t e d  B r i n e  Ent ropy  
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L i n e a r  Curve-F i t  A n a l y s i s  ( 7 )  
- 

Assuming t h e  r e l a t i o n s h i p ,  RHOB(T) = a2 x T + a3 

L e t  y = RHOB(T) 

x = T  

:. y = a 2 ( x )  + a3 

Using p a i r e d  data f rom Reference 3, 

(Xi, V i ) ,  i = 1, 2, . . . .  n 

w i t h  a l l  summations f o r  i := 1, 2, .... n. 

Regression C o e f f i c i e n t s  

n 

a3 = j - a2 ( i )  

c 

n 

C o e f f i c i e n t  o f  Determinat ion  

2 r 

I 
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TABLE A2 

LINEAR CURVE F IT  

REGRESSION --- COEFFICIENTS FROM P A I R E D  DATA I N  REFERENCE 3 

T ,  O F  

230 

248 

26 6 
284 

3 02 

32 0 
3 38 

356 
374 

392 

41 0 

428 

446 

464 

482 

500 
518 

536 
554 

572 

590 

6 08 
626 - 

- 
a 3  - 
a2 - 
,2 = 

- 

B R I N E  D E N S I T Y ,  LBM/FT3 

5 

61.53 

61.03 

60.53 

60.03 

59.47 

58.91 

58.34 

57.72 
57.10 

56.41 

55.72 

55.04 

54.29 

53.48 

52.67 

51.79 
50.92 

49.98 

48.92 
47.86 

46.68 

45.36 
43.93 

72.602 

-0.043 

.9793 

- Weight Pe 
10 

63.77 

63.27 

62.84 

62.34 

61.78 

61.28 

60.72 

60.09 

59.53 

58.91 

58.28 

57.60 

56.91 

56.22 

55.47 

54.66 
53.85 

53.04 

52.10 

51.17 

50.17 

49.11 
47.92 

73.720 

I 

- 
-0.039 

.9853 
- 

15 

66. OC 
65.58 
65.15 

64.65 

64.15 

63.65 

63.09 

62.52 

61.96 

61.40 

60.78 

60.15 

59.53 

58.91 

58.22 

57.53 
56.78 

56.10 

55.35 
54.54 

53.73 
52.85 
51.92 

74.864 

-0.035 

.9921 

20 

68.45 

68.02 

67.52 

67.08 

66.58 

66.02 
65.52 

64.96 

64.46 

63.90 

63.34 

62.71 

62.15 

61.53 

60.96 

60.34 
59.72 

59.09 

58.47 
57.84 

57.16 

56.53 
55.91 

76.214 

-0.032 

.9977 

25 

70.95 

70.45 

70.01 

69.51 

69.01 

68.52 

67.95 

67.45 

66.89 

66.33 

65.83 

65.27 

64.71 

64.15 

63.59 

63.02 
62.52 

61.96 

61.46 

60.96 
60.47 

60.03 
59.53 

77.849 

-0.030 

.9996 
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Power Law Curve -F i t  Ana lys i s  ( 7  1 

Assuming t h e  r e l a t i o n s h i p ,  HB(T) = a4 (T)a5  

L e t  y = HB(T) 

x = T  

and 

l n y  = a5 l n x  + I n  a4, bl,,ich i s  a linear equat ion .  

Using t h e  s e t  o f  da ta  p o i n t s  i n  Reference 4 

{(xi, yi), i = 1, 2 .. .n  , where xi > 0 and yi > 0, 

n i s  a p o s i t i v e  i n t e g e r  and n # 1. 

Regress ion C o e f f i c i e n t s  

a4 = exp - - a5 I n n x i  )] 
C o e f f i c i e n t  o f  Determinat ion  - 

- 1  9- 
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TABLE A 3  

POWER LAk CURVE FIT-REGRESSION CCEFFIC IENTS FROM DATfi  - I N  REFERENCE 4 

BRINE SATURATED ENTHALPY, BUT/LGb; 



TABLE A4 

* T,OF 

80 ( 4 )  

100 
120 
140 
160 
180 

200 
220 

O R  

r 

5 

al = .969 
a2 = .043 

a3 = 72.6 

a4 = .275 

a5 = 1.1996 
3 

~6 = 5 . 9 2 3 ~ 1 0 - ~  
a = 2 . 4 6 9 ~ 1 0 -  

.0949 

.1246 

.1541 

.1837 

.2131 

.2423 

.2712 

.2998 

10 15 20 

al = .934 al = .894 al = ,847 

a2 = .039 a2 = .035 a2 = .032 

a3 = 73.72 a3 = 74.86 a3 = 76.21 

a4 = .304 a4 = .340 a4 = .368 

CALCULATED B R I N E  ENTROPY, BTU/LBM 

25 

al = .794 

a2  = ,030 

a 3  = 77.85 

a4 = ,396 
a5 = 1.1480 

c1 = 2 . 2 0 9 ~ 1 0 ~ ~  
8 = 4 . 6 7 5 ~ 1 0  

a5  = 1.1274 a5 = 1.1087 

a = 2.056~10:: cy. = 1.887xlOI; 
B = 4.199x10 = 3 . 8 5 4 ~ 1 0  

.0956 

1236 
,1521 
.1795 
.2066 
.234.4 

.2619 

.28CJO 

.3157 

.3421 

.3680 

-3936 
.4188 
.4436 
.4680 
.4920 

a 5  = '1.1746 

t = 2 . 3 4 4 ~ 1  O i 3  

.0958 .0955 .0951 

.1227 .1219 .1211 

.1502 .1424 .1468 

.1774 .1745 .1721 

.2043 .ZOO3 .1969 

.2308 .2256 .2213 

,2569 .2505 ,2452 
.2826 .2750 .2686 
.3078 .2990 .2916 
.3327 .3226 .3141 

.3572 -3458 .3362 

.3812 .3685 .3578 
-4048 -3908 .3790 
.4281 .4127 .3998 
.4509 .4342 .4202 
.47 33 .4554 .4403 

= 5 . 2 9 ~ 1 0 - ~ '  

24 0 
260 

280 

300 
320 
340 
360 
380 

.3281 

.3560 

.3836 

.4108 
* 4377 
-4642 
.4903 
.5160 

.5526 

.5701 

.5873 
,6042 
.6207 
.6369 

I 

.5156 

.5389 

.5618 

.5843 

.6065 

400 
420 
440 
46 0 
480 

500 
520 
540 
560 
580 

.4954 

.5170 

.5383 

.5593 

.5799 

.5413 

.5663 

.5909 

.6151 

.6390 

.6625 

.6857 

.7084 

.7308 

.7529 

.4761 

.4965 

.5164 

.5361 

.5553 

.4599 

.4791 

.4980 

.5166 

.5348 
.6283 
.6497 
.67 08 
.691 !j 
.7119 
.7319 

.6001 

.6199 

.6394 

.6586 

.6774 

.6959 

.5743 

.6111 

.6290 

.6466 

.6638 

.592a 
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