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ABSTRACT 

The character izat ion o f  geothermal f l u i d  has 
been performed over the  years using a wide va r ie t y  
o f  techniques. 
inaccurate resu l t s  w i t h  subsequent uncertainty as 
t o  the t r u e  nature o f  the resource. I n  the l a s t  
years several organizations have worked t o  co r rec t  
the s i t u a t i o n  and a r r i v e  a t  standard methods. 

The program a t  B a t t e l l e  t o  achieve these 
ends i s  described. The formation o f  the ASTM 
Geothermal Resources Committee and Environmental 
Protect ion Agency e f f o r t s  are re la ted  t o  the  
program. The p a r t i c i p a t i o n  o f  indust ry  i s  
described, and addi t ional  p a r t i c i p a t i o n  i s  
s o l i c i t e d  f o r  t h i s  current  and f i n a l  phase. 

The complimenting par ts  o f  the B a t t e l l e  Geo- 
thermal Program are described: 
high-pressure, temperature instruments and the 
moni t o r i  ng o f  the performance o f  operating p lants  
(Magma ' s binary cycl  e f a c i  1 i ty ) . 

Some o f  these have l e d  t o  very 

the development o f  

HISTORY 

Geothermal energy use i n  the United States 
has grown since the 1800's when i t  was p r i m a r i l y  
known f o r  i t s  use i n  heal th  spas. Later  uses 
included u t i l i z a t i o n  o f  the energy f o r  space heat 
and process appl icat ions.  More recent ly  there 
nas been increasing i n t e r e s t  and successful exper- 
ience i n  the production o f  e l e c t r i c  power from 
geothermal f 1 u i  ds . 

Throughout t h i s  h i s t o r y  chemists and engineers 
have characterized the f l u i d s  i n  order t o  
p r e d i c t  t h e i r  behavior and the r e s u l t  o f  using them. 
These predic t ions addressed i n  p a r t  concerns about 
the e f f e c t  o f  geothermal u t i l i z a t i o n  on the nearby 
communities. There are concerns from the users' 
standpoint as t o  how the f l u i d  w i l l  behave i n  the 
power u t i l i z a t i o n  system, i ;e., w i l l  i t  cause corro- 
s ion o r  deposi t  scale. To meet.these two ends, 
environmental protect ion and u t i 1  i z a t i o n  technology, 
s c i e n t i s t s  have sampled and characterized the  f l u i d s  
using t h e i r  own ind i v idua l  and o f ten  untested 
techniques . 

THE PROBLEM 

geothermal appl icat ions.  
technique f o r  sampling has been as rudimentary as 
dipping a sample w i t h  a b o t t l e  and sending i t  t o  
the lab. I n  other  cases the technique involved 
an approach using a special  evacuated metal f l a s k  
f o r  connection t o  a pressurized geothermal f low. 
Some actual  worst case e r ro rs  r e s u l t i n g  from t h i s  
l a t t e r  technique are i l l u s t r a t e d  i n  Figure 1. 

I n  some cases the 
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Other invest igators  have run i n t o  t roub le  when 
t r y i n g  t o  reproducibly character ize two-phase 
geothermal flows. 
varying CO concentration i n  a s t r a t i f i e d  
two-phase f low - depending on where the s c i e n t i s t  
sampled any value could have resulted. 

Figure 2 shows the widely 

Frequently these character izat ion techniques 
were adopted because o f  the ease o f  operation o r  
past appl icat ion t o  surface water sampling. There 
was l i t t l e  appreciat ion f o r  biases introduced i n  

795 



Kindle 

C02 COMPOSITION vs SAMPLE POINT 
HORIZONTAL PIPE FLOW 

TOP TAP I 1 

- 

PIPECENTER - 
- 

BOTTOM TAP I I I I 
0 2000 4000 6000 8000 10.000 

Cot (mg/PeRINE) 
FIGURE 2 

STANDARD1 ZATION 

These types o f  concerns about the accuracy 
and reproduci b i  1 i ty o f  geothermal f l u i d  charac- 
t e r i z a t i o n  prompted Bat te l le ,  w i t h  cooperation 
and funding from the Department o f  Energy, t o  
undertake a p ro jec t  t o  improve the r e l i a b i l i t y  
o f  the f l u i d  data. The p ro jec t  d i r e c t i o n  was 
establ ished t o  d i v ide  the e f f o r t  i n t o  fou r  
general a c t i v i t i e s  permi t t ing  maximum indus t ry  
i n p u t  and p a r t i c i p a t i o n  i n  each phase. These 
fou r  a c t i v i t i e s  are shown i n  Figure 3. 

STANDARDIZATION PROCESS FOR GEOTHERMAL 
FLUID CHARACTERIZATION TfC-HNIQUES 

SURVD(ICOUECt1ON OF 
CURRENT INDUSTRY TECHNIOUES 
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COO PER AT I M 
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RECOhMENDED TECHNIQUES 
UNOFFICIAL STANDARDIZATION 
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The f i r s t  phase o f  the pro jec t  - the survey 
and co l l ec t i on  o f  cur ren t  practices-culminated 
i n  the pub l ica t ion  o f  both In te r im  and f i n a l  
reports (3.6. Douglas, e t  al. ,  1976 and J.C. Watson, 
1978). These compilat ions included techniques 
used by nat ional  labora tor ies  , government agencies 
and industry,  both domestic and foreign. 

years w i th  both f i e l d  tes ts  (D. W. Shannon, e t  al., 
1980) and industry-1 aboratory cooperative round 
robins. I n  add i t i on  t o  pub l i c i z ing  and s t imu la t ing  
i n t e r e s t  i n  the charac ter iza t ion  problem, these 
a c t i v i t i e s  tested the s u i t a b i l i t y  o f  some o f  the 
techniques i n  cur ren t  use. 
f igures are examples o f  resu l t s  o f  these tests.  

technique su i tab le  f o r  ex t rac t ing  representative 
samples from many geothermal flows was assembled 
i n  1979.- Other organizations are now using the 
technique and var ia t ions  OR it. B a t t e l l e  has 
encouraged t h i s  techno1 ogy exchange both through 
ind iv idual  indus t ry  contacts and act ive p a r t i c i -  
pa t ion  i n  workshops (C. H. Kindle and E. M. 
Woodruff, 1980; C. H. Kindle, 1980). This phase 
i s  a lso  being pursued i n d i r e c t l y  through the 
pub l ica t ion  o f  t h i s  paper. 

The f i n a l  phase i s  formal i n s t i t u t i o n a l  
review and standardization. Because o f  the 
des i reab i l i  ty o f  abroad consensus i n  the review 
i t  was decided t h a t  ASTM was the most su i tab le  
i n s t i t u t i o n .  Through a cooperative e f f o r t  w i th  
the Department o f  Energy, ASTM held an organiza- 
t i o n a l  meeting i n  October 1979 where much o f  the 
geothermal indus t ry  was represented. The repre- 
sentatives present decided t o  form a new ASTM 
Comni t t e e  deal i n g  w i t h  Geothermal Resources (€45). 
David Anderson o f  the Geothermal Resource Counci 1 
was elected chairman. One o f  the .tasks o f  the 
committee w i l l  be t o  issue standard methods f o r  
character iz ing geothermal f l u ids .  

The evaluat ion stage was conducted over two 

The two e a r l i e r  

Concluding these par ts  o f  the project ,  a 

INDUSTRY PARTIC I PAT ION 

Under the auspices o f  t h i s  committee 
B a t t e l l e  i s  cooperating w i t h  personnel from the 
Bureau o f  Mines, Union O i l ,  and Occidental 
Petroleum i n  the w r i t i n g  o f  standard techniques 
f o r  sampling. Bat te l le ,  on i t s  own, has formula- 
t ed  a l i s t  o f  techniques f o r  the analysis p a r t  o f  
f l u i d  character izat ion.  Addi t ional  i n d u s t r i a l  
p a r t i c i p a t i o n  i s  s o l i c i t e d  from organizations i n  
t h i s  f i n a l  stage o f  the e f f o r t .  The standards 
t h a t  are w r i t t e n  and issued w i l l  l i k e l y  be the 
ones used by the geothermal industry and 
regulators i n  the future.  

ADDITIONAL INSTITUTIONAL EFFORT 

The Environmental Protect ion Agency (EPA) 
has held three workshops on character iz ing 
geothermal e f f luen ts ;  the l a t e s t  one i n  May, 
1980. EPA's goal i s  the establishment o f  
techniques su i  tab1 e fo r  i t s  pa r t i cu la r  problems. 
B a t t e l l e  and a wide range of companies have 
pa r t i c i pa ted  i n  these workshops. 

I I NSFITUTIONAL 
STANDARD EATION I 
F'IGURE 3 
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COMPLIMENTARY PROJECTS 

The standard c haracter i  zat  i on techniques t h a t  
have been re fe r red  t o  w i l l  be widely accepted and 
accurate, but  on l y  a few o f  the desired parameters 
can be establ ished on the spot. Most w i l l  requi re  
subsequent analysis i n  the l a h r a t o r y .  To address 
the need f o r  immediate evaluat ion o f  f l u i d  charac- 
t e r i s t i c s  and i t s  rea l - t ime performance i n  an 
operating plant,  B a t t e l l e  has two addi t ional  
pro jects  : 

K i  nd l  e 

ACKNOWLEDGEMENT 

. a high-temperature, high-pressure 
probe development e f f o r t  under 
M. J. Danielson, . an operat ing geoplant monitor ing 
p r o j e c t  under D. W. Shannon. 

The probe development p ro jec t  i s  aimed a t  
prov id ing remote probes s tab le enough t o  operate 
and provide r e a l  t ime output under the f i e l d  
condi t iqns encountered downhole o r  i n  an operat ing 
plant.  The parameters being addressed include: 
corrosion rate, conduct iv i ty,  pH, s u l f i d e  leve l ,  
and carbon d iox ide concentration. 

The geoplant monitor ing p ro jec t  i s  an on-s i te  
monitor ing operat ion o f  a power p l a n t  ( cu r ren t l y  
Magma's binary cyc le  p l a n t  a t  East Mesa). 
e f f o r t  provides real- t ime in teg ra t i on  o f  the 
changes o f  f l u i d  chemistry and mater ia ls perfor-  
mance w i t h  operat ional  changes. 
i n t e r p r e t i n g  p l a n t  performance a t  t h i s  e a r l y  stage 
o f  geo-electr ic p l a n t  operat ion w i l l  provide a 
technical  basis f o r  t roub le  shooting the design and 
operation of f u t u r e  plants.  
t he  output from both the  probe development and 
standard methods pro jects  . 
the  need f o r  data i n  geothermal development i s  
i l l u s t r a t e d  i n  Figure 4. 

This 

Monitor ing and 

This e f f o r t  draws on 

The re la t i onsh ip  o f  these three pro jects  t o  

The Department o f  Energy, D iv i s ion  of 
Geothermal Energy, has f i n a n c i a l l y  supported 
B a t t e l l e ' s  e f f o r t s  i n  these areas. 
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