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ABSTRACT 

The amount of gas d isso lved  i n  geopressured 
br ine  is water s a l i n i t y ,  dependent. When water 
samples a r e  ava i l ab le ,  water s a l i n i t y  Is determined 
by d i r e c t  ana lys i s .  In t h e  absence of water sam- 
ples ,  which I s  of ten ,  water s a l i n i t y  is estimated 
using conventional w e l l  logging i n t e r p r e t a t i o n  
techniques. The water r e s i s t i v i t y ,  &, I s  f i r s t  
calculated from t h e  SP log. The s a l i n i t y  is then  
obtained using ava i l ab le  co r re l a t ions .  It is  not  
unusual t o  ob ta in  poor c o r r e l a t i o n s  between t h e  
values obtained from water samples and those esti- 
mated from t h e  SP espec ia l ly  in deep geopressured 
south Louisiana formations. 

The bas i c  SP equation SP -.=K l og  (+ /%f )  was 
examined. The parameter K was found t o  vary with 
the  sha le  r e s i s t i v i t y  k h .  A new i n t e r p r e t a t i o n  
char t  r e l a t i n g  SP t o  It&, bf and a, w a s  obtained. 

The use of t he  new equation r e su l t ed  i n  a 
s ign i f i can t  improvement i n  t h e  c o r r e l a t i o n  between 
water s a l i n i t y  va lues  obtained from water samples 
and those estimated from t h e  SP log.  

INTRODUCTION 

The SP l og  has been ex tens ive ly  used t o  eval-  
ua t e  formation water e a l i n i t y .  The water r e s i e -  
t i v i t y ,  &, I s  f i r s t  ca l cu la t ed  from the  log. The 
s a l i n i t y  is then obtained us ing  ava i l ab le  corre- 
l a t i o n s  r e l a t i n g  s a l i n i t y  t o  formation water re- 
s l s t i v i t y .  It has  been noted i n  seve ra l  wells t h a t  
have been t e s t ed  i n  deep abnormally-pressured South 
Louisiana formations t h a t  logging ca l cu la t ions  do 
not appear t o  g ive  accura te  r ep resen ta t ion  of water 
s a l i n i t y .  The SP method tends t o  underestimate t h e  
s a l i n i t y .  

The amount of gas d isso lved  i n  geopressured 
br ines  depends on temperature, p ressure  and sa l in -  
i t y .  Figure 1 shows t he  s o l u b i l i t y  of methane i n  
va t e r  as a func t ion  of t o t a l  d i sso lved  s o l i d s  a t  
300°F and 15,000 ps ia .  A t  t hese  temperature and 
pressure condi t ions  an  underestimation of t h e  
s a l i n i t y  from 100,000 ppm t o  50,000 ppm vi11 r e s u l t  
i n  t h e  overestimation of t h e  amount of gas i n  
so lu t ion  by almost 23%. The s a l i n i t y  is a l s o  used 
as screening parameter i n  t h e  s e l e c t i o n  of dry ho le s  
f o r  the  " w e l l s  of opportunity'' program. 
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Fig. 1 Ef fec t  of water s a l i n i t y  on the amount of 
methane in so lu t ion  a t  300'F and 15,000 
p s i a  

The discrepancy between water s a l i n i t y  values 
obtained from water samples and those  estimated from 
SP logs could be due t o  the  q u a l i t y  of water sam- 
ples. Water samples recovered may exh ib i t  d i l u t i o n  
and contamination c h a r a c t e r i s t i c s  due t o  mixing with 
condensation water or d r i l l i n g  f l u i d s .  However, 
such discrepancy cont inues  t o  e x i s t  when r e l i a b l e  
water samples are ava i l ab le .  

The purpose of t h e  study reported i n  t h i s  paper 
was t o  examine the  method t r a d i t i o n a l l y  used t o  
ca l cu la t e  R, form t h e  SP Log and t o  develop a nyw 
ca lcu la t ion  approach y ie ld ing  more r e l i a b l e  water 
s a l i n i t y  values.  

TRADITIONAL APPROACH 

The method t r a d i t i o n a l l y  used t o  ca l cu la t e  R 
from the SP l o g  is based on the w e l l  known equa t ioa  

where: 
SP = 

a =  
W - 
K =  

SP - -K log(aw/amf) 

SP l o g  d e f l e c t i o n  In m i l l i v o l t s ;  cor rec ted  
f o r  bed th ickness  and o t h e r  measurement 
environment, 
Ac t iv i ty  of the  formation water i n  gr- 
i o n / l i t e r ,  
Ac t iv i ty  of t he  mud f i l t r a t e  i n  gr-ion/ 
l i ter ,  
Coeff ic ien t  which depends on t h e  formation 
temperature (K - 61 + 0.133T; T in OF). 
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For pure N a C l  so lu t ions  t h a t  are not too  con- 
centrated,  r e s i s t i v i t i e s  a r e  inverse ly  propor t iona l  
t o  a c t i v i t i e s .  However, t h e  i nve r se  propor t iona l i ty  
does not hold exac t ly  a t  high concent ra t ions  or fo r  
a l l  types of waters. Therefor, Goudouin, Texier, 
and Slmard* introduced the  concept of equivalent 
r e s i s t i v i t y .  The equivalent r e s i s t i v i t y ,  by def ln i -  
t ion ,  I s  Inversely proportional t o  the  a c t i v i t y .  By 
t h i s  d e f i n i t i o n  equation (1) becomes: 

where Rplfe and Rue are the  mud f i l t r a t e  equivalent 
r e s i s t i v i t y  and t h e  formation water equivalent 
r e s i s t i v i t y ,  respec t ive ly .  Graphical r e l a t i o n  
between t r u e  and equiva en t  r e s i s t i v i t i e s  is ava i l -  
ab l e  i n  the  l i t e r a t u r e %  . Equation (2) has been 
extensively used t o  estimate from SP values. 

Kharaka and c o r ~ r k e r s ~ r e p a r t e d  de t a i l ed  chemi- 
c a l  ana lys i s  of s eve ra l  formation water samples from 
7 o i l  and gas f i e l d s  i n  the  Lafaye t te ,  La., area.  
These chemical a n a l  ses were determined using a new, 
r e l i a b l e  technique.3 These waters  are predominantly 
NaCl with an average concentration of Ca and Mg less 
than 5% by weight. The water r e s i s t i v i t y  values of 
these samples were ca lcu la ted  using the  technique 
proposed by Ucok, Ershaghi and Olhoeft.6 The com- 
parison of these va lues  and those estimated from the  
corresponding SP l og  de f l ec t ions  using equat ion (2) 
resu l ted  i n  Fig. 2. The discrepancy between SP-log- 
ca lcu la ted  values and chemical-analysis-calculated 
values is evident.  
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Fig. 2 Comparison between Rw from SP l og  and R, 

from chemical ana lys i s  

This discrepancy could be t h e  r e s u l t  of one or  
both of the  two assumptions which a r e  Impl i c i t  i n  
equation (2). These two assumptions are:  

1. Both formation va te r  and mud f i l t r a t e  a r e  
pure N a C l  solutions.  

2. The sha le  is  a per fec t  membrane, l ee . ,  one 
through which only ca t ions  can pass. 

The e f f e c t  of s a l t s  o ther  than  NaG1 vas in- 
vestigatede7,8 This e f f e c t  vas found t o  be r e l a -  
t i ve ly  small  f o r  brinee containing l e e s  than 5% by 
weight of salts o ther  than N a C l  and can not  account 
f o r  the above s i g n i f i c a n t  descrlpencles.  

N O N - I D W  m R A N E  BEHAVIOR OF SHALES 

Equatione (2) and (3) assume t h a t  sha le  forma- 
t i o n s  behave idea l ly  as c a t i o n i c  permeable mem- 
branes. Laboratory measurements v i t h  sha le  mem- 
branes cu t  from cores commonly show a po ten t i a l  
d i f f e r e n t  from tha t  ca lcu la ted  f o r  an Idea l  mem- 
brane.2m9m10 For the purpose of p r a c t i c a l  i n t e r -  
p re t a t ion ,  K should be r e l a t ed  t o  an ava i l ab le  sha le  
electric property which would r e f l e c t  sha l e  membrane 
characteristics. 

The only sha le  e l e c t r i c  property readi ly  ava i l -  
ab l e  is the  sha le  e l e c t r i c  r e s i s t i v i t y ,  k h ,  report-  
ed on a r e s i s t i v i t y  log. Several  a t tempts  were made 
t o  incorpora te  %h i n  t h e  SP expression. A hypothe- 
t i c a l  value KT of the coe f f i c i en t  K vas  calculated 
from equation (3) using sj values  from chemical 
ana lys i s .  KT is the  value of c o e f f i c i e n t  IC, which 
I f  used i n  equation (3).  w i l l  y i e ld  a per fec t  agree- 
ment between R, values from the  SP and R, values 
from chemical analyeis.  I n  Fig. 3, t h e  I$ values 
are p lo t ted  aga ins t  t he  r a t i o  RsdR,f.  This was 
done in an attempt t o  include, i n  one dimensionless 
term, two of t h e  parameters which seem t o  be impor- 
t au t .  Although no prec i se  r e l a t i o n s h i p  can be 
in fe r r ed ,  two i n t e r e s t i n g  f e a t u r e s  can be noticed. 
For a constant R&/R,,,f value,  5 t ends  t o  increase 
as the  SP reading increases.  This is Indicated by 
dotted-line trends.  A trend defined by a so l id  l i n e  
i s  a l s o  Indicated.  This trend could be re la ted ,  ac- 
cording t o  t h e  high SP values,  t o  c l ean  formations. 
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Fig. 3 % vs. R ~ ~ / R ~ ~  r a t i o  

Pig. 3 shows t h a t  c o e f f i c i e n t  K i s  a function 
not only of the  temperature, but a l s o  of the mea- 
surement environment as w e l l .  & expression f o r  K 
would be hard t o  obtain because of the  many unknowns 
involved. However, a parameter e x i s t s  t h a t  r e f l e c t s  
a l l  t he  poss ib le  var iab les  con t ro l l i ng  the  SP phe- 
nomenon. Such a parameter I s ,  of course,  the SP 
reading i t s e l f .  In f a c t ,  when the  r a t i o  R,,,f/b is 
p lo t t ed  versus bh/Rmf, (Fig. 6 )  a well-defined 
r e l a t ionsh ip  is obtained f o r  each va lue  of the SP. 
In  order  t o  present the  c o r r e l a t i o n  i n  a more con- 
venien t  way, In te rpola ted  values of Fig. 4 are 
p lo t t ed  on Fig. 5, where Rmf& is p lo t t ed  aga ins t  
t h e  SP reeding a s  a function of s eve ra l  %h/&f 
values  . 
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Fig .  5 Corre la t ion  Between Rmf/Rw and SP Value 

For comparison purposes, t h e  co r re l a t ion  of 
Fig. 5 vas superimposed on t he  g raph ica l  presenta- 
t i o n  of equation (2) represent ing  t h e  o ld  in te r -  
p re t a t ion  approach, Fig. 6. The o l d  and new in te r -  
p r e t a t i o n  approaches are c lose  a t  h igh  SP values. A 
considerable dev ia t ion  is not iced  a t  low SP values. 

Using the  co r re l a t ion  of Pig. 5 t h e  & values 
f o r  t h e  s a m p l e s  used i n  Fig. 1 were ca lcu la ted  and 
p lo t t ed  in Fig. 7 ver sus  t h e  va lues  ca lcu la ted  from 
the  chemical analyses.  An exce l l en t  agreement is 
c l e a r l y  ind ica ted ,  deepi'te t h e  f a c t  that some of the  
da ta  po in t s  were obtained i n  sha ly  forPPetions. 

sol 
D.0 

n 

212 6.0 
U 

I .o 

'Emperical comparison between o ld  and new 
approach 

45 t 
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Fig. 7 Comparison of t he  Rw Values Calculated Using 
t h e  New Corre la t ion  and Those Obtained from 
Chemical Analysis 

APPLICATION OF THE NEW 
CORRELATION TO GEOPRESSURED WELLS 

The new c o r r e l a t i o n  was used t o  ca l cu la t e  
s a l i n i t y  va lues  i n  6 geopressured formations encoun- 
te red  i n  w e l l s  of opportunity.  For comparison 
purposes, s a l i n i t i e s  using t h e  t r a d i t i o n a l  approach 
were ca l cu la t ed  ae w e l l .  Table 1 shows the  da ta  and 
t h e  r e s u l t s  of t h e  ca lcu la t ions .  Figures 8 and 9 
show the  comparison between the  ca lcu la ted  s a l i n l -  
ties and t h e  va lues  estimated from chemical analy- 
ses. The dot ted  l i n e s  i n  f i g s .  8 and 9 represent  
t h e  ca l cu la t ed  s tandard  e r r o r  . 



Table 1 A q u a l i t a t i v e  a n a l y s i s  of these  f i g u r e s  r e v e a l s  
t h e  advantage of t h e  new c o r r e l a t i o n  t o  estimate t h e  
s a l i n i t i e s  f o r  t h e  formation under study. This f a c t  
is re inforced by mentioning t h a t  an average e r r o r  of 
4.06X and a s tandard  e r r o r  of 221,500ppm were ob- 
t a i n e d  *en t h e  new c o r r e l a t i o n  vas employed. On 
t h e  o t h e r  hand, t h e  t r a d i t i o n a l  approach y ie lded  an 
average error of -39.43 and a s tandard e r r o r  of 
247,300ppm. The a t a t i s t i c a l  parameters have t o  be 
c a r e f u l l y  considered because of t h e  l imi ted  number 
of  d a t a  p o i n t s  ava i lab le .  

SALINITY, TDS 

Chemical Old New 
Well Analysis  Techn. Techn. - 

1. Pleasant  Bayout2 120,872 101,680 123,380 
2. Beulah Simon #2 96,140 66,590 112,570 
3. Fairfax-Fosterl2 169,193 136,220 144,840 
4. E. Delcambrell, a 122,564 44,580 92,560 
5. E. Delcambrell, b 105,439 36,750 87,260 
6. P r a i r e  Canal#l 42,386 24,870 68,360 

Fig. 8 Geopressured br ines:  s a l i n i t y  using 
t r a d i t i o n a l  technique v s  chemical 
a n a l y s i s  va lues  

CONCLUSIONS 

The t r a d i t i o n a l  SP equation SP = -K log(aw/+f) 
which assumes i d e a l  membrane behavior of s h a l e s  
where K is only temperature dependent, y i e l d s  in-  
accura te  values  of &. To account f o r  t h e  non-ideal 
membrane behavior of sha les ,  K should be expressed 
i n  terms of %h, rh,f and &. A new r e l a t i o n  g i v i n g  
SP as a func t ion  of Rp, and was e s t a b l i s h e d ,  
Fig. 5.  The use of t is new c o r r e l a t i o n  r e s u l t e d  i n  
a s i g n i f i c a n t  improvement of the  accuracy of and 
water s a l i n i t y  va lues ,  a s  indicated by t h e i r  excel-  
l e n t  agreement v i t h  values  obtained from chemical 
ana lyses  . 
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