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THE D E F I N I T I O N  OF ENGINEERING DEVELOPMENT AND RESEARCH PROBLEMS 
RELATING TO THE USE OF GEOTHERMAL FLUIDS 

FOR ELECTRIC POWER GENERATION AND NONELECTRIC HEATING 

J. A. Apps 

I . I NTRODUCT I ON 

A. Background and Scope 

The use o f  geothermal f l u i d s  f o r  e l e c t r i c  power genera t ion  and 

n o n e l e c t r i c  purposes causes problems not  normal ly  encountered when pure 

water i s  used f o r  s i m i l a r  purposes. These problems must be i d e n t i f i e d  and 

means developed t o  overcome them before  geothermal energy resources can be- 

come an impor tant  source o f  e l e c t r i c  power o r  thermal energy i n  the  Un i ted  

States.  

The purpose o f  t h i s  r e p o r t  i s  t o  l i s t  research and development pro-  

j e c t s  aimed a t  s o l v i n g  those problems a r i s i n g  f rom t h e  use o f  geothermal 

f l u i d s  f rom known sources i n  the  Un i ted  States.  

Problem areas covered are:  

Impact on eng ineer ing  design caused by chemical ,  thermo- 

dynamic, and t r a n s p o r t  p r o p e r t i e s  of geothermal fluids; 

Sca l i ng  and sludge fo rmat ion ;  

0 Gases, v o l a t i l e  b r i n e  c o n s t i t u e n t s ,  condensate chemist ry  

Env i ronmen t a  1 problems. 

Other areas such as t h e  c o r r o s i o n  and e ros ion  o f  m a t e r i a l s  and t h e  deve 

ment o f  new m a t e r i a l s  f o r  p l a n t  and w e l l  c o n s t r u c t i o n  a re  n o t  discussed 

t h i s  r e p o r t .  

The research p r o j e c t s  i d e n t i f i e d  a r e  general  i n  na tu re  and a re  no t  

OP- 

i n  

s i t e  s p e c i f i c .  The development o f  geothermal resources i n  t h e  Un i ted  States 
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i s  s t i l l  a t  a p r e l i m i n a r y  stage, and a v a i l a b l e  in fo rmat  

resources i s  i n s u f f i c i e n t  t o  p r e d i c t  s i t e  s p e c i f i c  prob 

B. Objec t ives  

on about t h e  

ems w i t h  c e r t a i n t y .  

Th i s  r e p o r t  forms t h e  bas i s  o f  t h e  o rgan iza t i on  o f  a n a t i o n a l  

program plan.  I t s  goal i s  t o  quicken t h e  e x p l o i t a t i o n  o f  domestic sources 

o f  geothermal energy. The goals  o f  t h e  program would be: 

D e f i n i t i o n  o f  p o t e n t i a l  problems and reduc t i on  o f  r i s k ;  

Determinat ion o f  t h e  best  design f o r  any g iven f i e l d ;  

Reduction o f  c a p i t a l  cos ts  f o r  p ant  and a n c i l l a r y  equip- 

ment and t h e  ex tens ion  o f  p l a n t  i f e ;  

Improvement o f  p l a n t  r e l i a b i l i t y  and reduc t i on  o f  r o u t i n e  

maintenance; 

Reduction o f  environmental  problems. 

Secondary goals  would inc lude:  

E f f e c t i v e  use o f  waste heat; 

Generat ion o f  revenue from geothermal f l u i d  by-products 

(e.g., s a l t ,  potash, nonferrous metals,  e t c . )  and from t h e  

p roduc t i on  o f  f r e s h  water.  

T h i s  r e p o r t  may be used t o  develop and implement a n a t i o n a l  p lan  as  

o u t l i n e d  i n  Sect ion V .  

would lead t o  an e q u a l l y  e f f e c t i v e  outcome. 

However, o the r  s t r a t e g i e s  may be adopted which 

C. Acknowledgments 

Th is  r e p o r t  i s  e s s e n t i a l l y  one person 's  v iew o f  t h e  sub jec t  

mat te r ,  I t  i s  no t  w i t h o u t  unconscious b ias .  I n  o rder  t o  ensure t h a t  t h e  

areas s p e c i f i e d  a r e  adequately covered, i t  i s  adv i sab le  t o  seek t h e  pro fes-  

s i o n a l  assessment o f  a team o f  exper ts  whose c o l l e c t i v e  judgment would 
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minimize b ias ,  incons is tenc ies ,  e r r o r s ,  and omissions. The w r i t e r  would 

l i k e  t o  acknowledge t h e  c r i t i c a l  reviews o f  d r a f t s  o f  t h i s  r e p o r t  and con- 

s t r u c t i v e  suggest ions made by Drs.A. J. J e l a c i c ,  R. E. O l i v e r ,  R. R. Reeber, 

and L. 6. Werner, a l l  o f  DOE/DGE; D r .  0. Weres o f  LBL; and D r .  0. V e t t e r  of 

V e t t e r  Associates.  However, r e s p o n s i b i l i t y  f o r  t h e  contents  o f  t h e  r e p o r t  

r e s t s  w i t h  t h e  au thor .  

r . :  . 
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1 1 .  ORGANIZATION OF THE REPORT 

The task o f  i d e n t i f y i n g  p e r t i n e n t  research and development pro jec ' ts  

addressing the  problem areas s p e c i f i e d  i n  the I n t r o d u c t i o n  requ i res  consid- 

e r a t i o n  o f  many f a c t o r s .  

impact o f  each f a c t o r  i n  a l o g i c a l  sequence. 

A f l o w  c h a r t  i s  presented i n  F igure ' - l -  showing:the 

The task i s  accomplished i n  th ree  Stages, discussed i n  Se-ct:ion's 1 1 1 ,  

I V ,  and V. 

Stage 1 :  Charac te r i za t i on  o f  Geothermal F l u i d s  (Sect ion I I I )  

I d e n t i f i c a t i o n  o f  geothermal resource types and c l a s s i f i c a t i o n  of  

geothermal f l u i d s .  (Sect ion I I I A )  

I d e n t i f i c a t i o n  o f  geothermal f i e l d s  most l i k e l y  t o  be e x p l o i t e d  

i n  the near term, and the c h a r a c t e r i z a t i o n  o f  geothermal f l u i d s  

from these f i e l d s .  (Sect ion I I I B )  

Stage 2 :  Program D e f i n i t i o n  (Sect ion I V )  

I d e n t i f i c a t i o n  o f  engineer ing problems r e s u l t i n g  from the  use of 

geothermal f l u i d s  i n  each f l u i d  c lass.  (Sect ion IVA) 

Ca tegor i za t i on  o f  research and development p r o j e c t s  r e l a t i n g  t o  

the fou r  problem areas cons ide r ing  the energy conversion systems 

most l i k e l y  t o  be used f o r  each c l a s s  o f  geothermal f l u i d .  

(Sect ions I V B  and C) 

Stage 3 :  Program implementation (Sect ion V )  

Development o f  a program plan.  (Sect ion VA) 

Implementation o f  the program. (Sect ion V B )  

The va r ious  f a c t o r s  inc luded i n  each Stage a r e  i nd i ca ted  by a se r ies  of 

m a t r i x  cha r t s ,  the output  of: one c h a r t  se rv ing  p a r t l y  as t he  input  f o r  t he  

next .  The f i r s t  p a r t  of  Stage 1 (Sect ions l t l A 1 - 2 )  invo lves the c l a s s i f i -  
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c a t i o n  o f  geothermal f l u i d s  on the  bas i s  o f  geothermal resource types, 

s a l i n i t y ,  and temperature.  I n  t h e  absence o f  more d e f i n i t i v e  s tud ies ,  a 

p ro fess iona l  assessment had t o  be made as t o  which geothermal resource types 

would be most l i k e l y  t o  be e x p l o i t e d  i n  t h e  near term ( -  10 years) .  

nex t  p a r t  (Sect ion I I l B l ) ,  t h e  i d e n t i f i c a t i o n  o f  geothermal s i t e s ,  i s  based 

p r i m a r i l y  on a s e l e c t i o n  f rom t h e  l i s t i n g  g iven by White and Wi l l i ams  (1975). 

The 

impact o f  temperature on w e l l  costs ,  e t c . ,  a r e  discussed bu t  no t  

gated because o f  the  need f o r  ex tens i ve  s tudy o f  each s i t e .  

The remaining p a r t s  (Sect ions I I I A 3  and I IIB2-5), i n v o l v i n g  

a c t e r i z a t i o n  and c l a s s i f i c a t i o n  o f  geothermal f l u i d  composi t ions 

s i t e s  se lec ted  p rev ious l y ,  a r e  a l s o  incomplete. However, p r e l i m  

mates o f  t h e  d i s t r i b u t i o n  o f  c r i t i c a l  components have been made. 

p r o j e c t  (Sect ion I 1182) has been completed i n  which geothermal f 

f rom the  se lec ted  s i t e s  has been compiled i n  a computer f i l e .  A 

S i t e s  f rom the  l i s t i n g  a r e  r e s t r i c t e d  t o a  minimum s i z e  o f  10” c a l o r i e s  and a 

minimum temperature o f  90°C. Other c r i t e r i a ,  l i m i t i n g  t h e  cho ice  o f  s i t e s  

s t i l l  f u r t h e r ,  such as d i s tance  from popu la t i on  centers ,  chemist ry ,  t he  

i nves t i - 

the char-  

f rom t h e  

nary e s t i -  

A separate 

u i d  data 

r e p o r t  

t a b u l a t i n g  a1 1 data compi l e d  w i  1 1  be re leased s h o r t l y  (Cosner and Apps, 

1978). Fu r the r  eva lua t i on  o f  these data i s  con t inu ing ,  and an LBL r e p o r t  

on t h e  c h a r a c t e r i z a t i o n  o f  geothermal f l u i d s  w i l l  be re leased e a r l y  in 1978. 

S i t e s  f o r  which geothermal f l u i d  data a r e  a v a i l a b l e  a r e  c l a s s i f i e d  accord- 

ing  t o  temperature and s a l i n i t y .  Th i s  c l a s s i f i c a t i o n ,  when combined w i t h  a 

knowledge o f  t h e  f l u i d  composi t ion range o f  t h a t  c lass ,  serves as i npu t  f o r  

the  f o l  lowing Program D e f i n i t i o n  Stage (Stage 2 ) .  

The f i r s t  p a r t  o f  t h e  Program D e f i n i t i o n  Stage (Sect ions I V A l - 3 )  com- 

pares t h e  geothermal f l u i d  composi t ion range f o r  each class w i t h  t h e  geo- 

’ thermal p l a n t  system components i n  o rde r  t o  i d e n t i f y  s p e c i f i c  problems which 
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would a r i s e  f rom the  use o f  such geothermal f l u i d s .  Analogous problems a re  

c o l l e c t e d  together  and used as i npu t  f o r  t h e  nex t  p a r t  (Sect ion IVA4)  which 

invo lves  v e r i f i c a t i o n  o f  research p r o j e c t s .  Here (Sect ion IVA4)  t he  ou tpu t  

from t h e  prev ious  p a r t  (Sec t ion  IVA3)  i s  compared w i t h  c o n t r o l  methods 

(Sect ion I V B l )  i n  a m a t r i x  c h a r t  i n  o rde r  t o  determine c o n t r o l  f e a s i b i l i t y  

(Sec t ion  IVB2). The ou tpu t  f rom t h i s  c h a r t  (Sec t ion  IVB2) forms the  b a s i s  

f o r  d e f i n i n g  research p r o j e c t s  (Sect ion I V C l )  needed t o  so l ve  problems re-  

l a t i n g  t o  t h e  use of geothermal f l u i d s  a t  se lec ted  s i t e s  i n  the  Un i tes  States.  

The proposed research p r o j e c t s  (Sect ion  I V C l )  a r e  tabu la ted  together  w i t h  

FY 1977 p r o j e c t s  (Sect ion IVC2) a l ready  addressing some o f  t h e  problems 

i d e n t i f i e d .  

Al though t h e  work o r g a n i z a t i o n  r e s u l t s  i n  a comprehensive l i s t  o f  

p o t e n t i a l  p r o j e c t s ,  i t  i s  n o t  w i thou t  problems o f  i t s  own. These a r e  l i s t e d  

here so t h a t  t h e  reader might  app rec ia te  the  reasons behind t h e  dec is ions  

made i n  compi l ing  t h i s  repo r t .  

( 1 )  

s u f f i c i e n t  t o  determine n e i t h e r  t h e  o rde r  i n  which they w i l l  be e x p l o i t e d  

nor  t h e i r  r e l a t i v e  importance t o  t h e  a t ta inment  o f  s i g n i f i c a n t  e x p l o i t a t i o n  

o f  geothermal energy. However, a recent  s tudy by R e i t z e l  (1976) has been 

made of t h e  economics o f  e x p l o i t i n g  f o r  power genera t ion  those geothermal 

resources l i s t e d  by White and Wi l l i ams  (1975). R e i t z e l ' s  s tudy does a l l o w  

some i n t e l l i g e n t  guesses t o  be made as t o  which resources show most promise 

The in fo rma t ion  on geothermal s i t e s  i n  t h e  Un i ted  States i s  c u r r e n t l y  

a t  t h i s  t ime. 

The implementat ion o f  p r o j e c t s  proposed i n  t h i s  repo r t  may r e s u l t  i n  

s i g n i f i c a n t  t echn ica l  advances which may a l t e r  t h e  o rde r  i n  which t h e  re -  

sources w i l l  be developed. i n  o rder  to  p rov ide  the  bes t  es t imate  o f  t h e  

r e l a t i v e  importance o f  geothermal s i t e s ,  a research e f f o r t  i s  requ i red  
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t h a t  i s  beyond t h e  scope o f  t h i s  r e p o r t  and i n c o n s i s t e n t  w i t h  t h e  t ime 

r e s t r i c t i o n s  imposed f o r  i t s  completion. 

(2) I n fo rma t ion  on t h e  composi t ion o f  geothermal f l u i d s  a t  s i t e s  i n  t h e  

Uni ted States i s  d i f f i c u l t  t o  o b t a i n  and o f  v a r i a b l e  q u a l i t y .  As i n d i c a t e d  

on page 5, a separate p r o j e c t  has been completed i n  which c u r r e n t l y  a v a i l -  

a b l e  i n fo rma t ion  has been compiled. 

which have been d r i l l e d  i s  p r o p r i e t a r y  and u s u a l l y  c o n f i d e n t i a l .  Without 

such in fo rma t ion ,  i t  i s  d i f f i c u l t  t o  implement research p r o j e c t s  which 

address s i t e  s p e c i f i c  problems. 

(3 )  

Much o f  t he  data f rom geothermal s i t e s  

Hence the  reason f o r  a general approach. 

I t  i s  ques t i onab le  whether t h e  chemical a n a l y s i s  o f  a geothermal f l u i d  

i s  s u f f i c i e n t  t o  i d e n t i f y  t h e  problems r e s u l t i n g  from the  use o f  t h a t  f l u i d .  

Persuasive arguments might be advanced i n  support  o f  d i r e c t  implementation 

o f  t e s t s  i n  t h e  f i e l d  t o  i d e n t i f y  problems associated w i t h  a p a r t i c u l a r  

geothermal f l u i d ,  r a t h e r  than at tempt t o  p r e d i c t  problems on t h e  b a s i s  o f  

b r i n e  composi t ion ranges i n  any p a r t i c u l a r  c l a s s .  

(4) The m a t r i x i n g  process used i n  t h i s  study i s  d i f f i c u l t  t o  implement be- 

cause o f  t h e  numerous op t i ons  which r e s u l t .  Many dec i s ions  must be made 

which a r e  n e c e s s a r i l y  based upon i n s u f f i c i e n t  background in format ion.  There- 

f o r e ,  t he  bases f o r  t h e  dec i s ions  a r e  p ro fess iona l  assessments r a t h e r  than 

i n  depth eva lua t i ons .  

( 5 )  The method used does n o t  pe rm i t  easy i n c o r p o r a t i o n  o f  problems i n t r i n s i c  

t o  the  use o f  geothermal f l u i d s  i n  geothermal p l a n t s  ( i . e . ,  problems r e l a t i n g  

t o  the need t o  design f o r  t h e  use o f  a f l u i d  which d i f f e r s  from pure water i n  

i t s  p h y s i c a l ,  thermodynamic, and t r a n s p o r t  p r o p e r t i e s .  

I n  s p i t e  o f  these d i f f i c u l t i e s ,  research and development p r o j e c t s  tabu- 

l a t e d  i n  t h i s  r e p o r t  should serve as a usefu l  bas i s  f o r  the fo rmu la t i on  o f  

research plans t o  so l ve  problems r e l a t i n g  t o  the  use of  geothermal f l u i d s  i n  

geot herma 1 p 1 an ts  . 
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I 

I l l .  CHARACTERIZATION OF GEOTHERMAL FLUIDS 

The objective of this Section is to define the concentration ranges of 

components in geothermal fluids which are most likely to cause operating 

problems in geothermal plants. Resources considered are those which should 

be exploited for geothermal energy within the next ten years. The objective 

ished through: 

A geothermal fluid classification scheme based on resource type, 

salinity, and temperature. 

Characterization of the geothermal fluids as a function o f  temper- 

ature and salinity through: 

1. Identification of geothermal hot water resources most likely 

to be exploited. 

2. Compilation of analyses of geothermal fluids. 

3 .  Identification of deleterious geothermal fluid components. 

4. Establ ishing the variation of concentrations of geothermal 

fluid components as a function of temperature and salinity 

5. Classification of geothermal resources by temperature and 

sal  ini ty. 

A decision chart leading to the characterizati'on o f  geothermal fluids in 

relation to their use in geothermal systems is shown in Figure 2 .  This 

chart serves as a ready reference to the detailed description which follows. 

A. Geothermal Fluid Classification 

1. Resource types 

Five types of geothermal resources have been identified and 

are being considered as potential sources of energy or heat. 

types are listed below in decreasing order of probable exploitation: 

These five 



SALINITY - TEMPERATURE - GEOTHERMAL RESOURCE TYPES 

(Section 111 A l )  (Section 111 A2) (Section 111 A2) 

Very high temperature: High salinity: 
Native Steam 9 < over 240°C over I O 5  ppm 3 
Liquid Dominated High temperature: Intermediate salinity: 

Geopressured 

between 90°C and 150°C 
Hot Dry Rock 

Magma Low temperature Very low salinity: 

--- (cont I between 150°C and 240°C between 2 X 1 O4 ppm and l o 5  ppm 

between 2 X l o 3  ppm and 2 X l o 4  ppm 

less than 2 x i o 3  ppm 

Intermediate temperature: Low salinity: 

between 40°C and 90°C 

IOENTIFICATION OF GEOTHERMAL FIELDS \ I 
/ 

(Section 111 A3) 

Classification schemes 
for geothermal fluids 

- - -  

(Section Ill B l )  

Electric power 
generation 

(Section 111 Bla) 

,- Plant size I 
Resource size 

Site location 

Temperature and well cmt 

Geothermal Fluid Chemistry 

Availability of surface water 

\ Other factort 

f 
R C S O U ~  location 

Temperature. salinity. 
and well cask 

(Section 111 82) (Section 111 83-51 

Identification of geothermal 
fluid componenk 

Variation of concentration 

Classification of geothermal 
rsoumes by temperature 
and salinity 

Compilation of 
Analyses of 
Geothermal Fluids 

F IGURE 2. D E C I S I O N  CHART L E A D I N G  TO T H E  C L A S S I F I C A T I O N  OF GEOTHERMAL F L U I D S  
I N  R E L A T I O N  TO T H E I R  USE I N  GEOTHERMAL SYSTEIIS. 

XBL 785-790 

I 

0 
I 

A 
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. N a t i v e  steam 

L i q u i d  dominated 

Geopressured b r i n e  

Hot d r y  rock  

Magma 

No cons ide ra t i on  i s  g iven  t o  normal g rad ien t  resources i n  t h i s  r e p o r t .  

N a t i v e  steam resources a r e  r a r e  bu t  s imple t o  e x p l o i t .  The Geysers i n  

C a l i f o r n i a  i s  t h e  s o l e  known rep resen ta t i ve  o f  t h i s  c lass  i n  the  Un i ted  

States n o t  l oca ted  i n  n a t i o n a l  parks. 

L i q u i d  dominated resources have been i d e n t i f i e d  and exp lo red  i n  many 

l o c a t i o n s  i n  t h e  western Un i ted  States. Al though no domestic l iqu id -domi -  

nated resources have been exp lo i ted ,  t h e  geothermal f i e l d  a t  Cerro P r i e t o  

i n  Baja C a l i f o r n i a ,  Mexico, i s  producing e l e c t r i c  power and expanded produc- 

t i o n  i s  planned. F l u i d s  f rom l iqu id-dominated resources vary  w ide ly  i n  

such resources on temperature and s a l i n i t y ;  hence f u r t h e r  c l a s s i f i c a t i o n  o f  

t h e  bas i s  o f  these two parameters i s  necessary. 

Geopressured resources a r e  found p r i m a r i l y  i n  the  Gu 

from such resources u s u a l l y  have moderately h i g h  s a l i n i t y  

so lved methane. Geopressured b r i n e s  a r e  under cons idera t  

f Coast. Br ines 

and con ta in  d i s -  

on as  a geothermal 

resource bu t  a r e  n o t  y e t  ready f o r  commercial e x p l o i t a t i o n .  

Hot d r y  rock and magma sources o f  geothermal energy have long-range 

p o t e n t i a l .  Commercial e x p l o i t a t i o n  o f  such resources i s  n o t  be ing  considered 

a t  t h i s  time, a l though research,and development p r o j e c t s  r e l a t i n g  t o  these 

sources a re  being a c t i v e l y  pursued;at  t h e  Los Alamos S c i e n t i f i c  Laboratory  

o f  t h i s  pro-  

i q u i d  domi- 

and a t  Sandia Laborator ies.  Because o f  t h e  s h o r t  range na tu re  

gram, t h i s  r e p o r t  w i l l  hencefor th  be concerned p r i m a r i l y  w i th  

nated resources. 
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2. S a l i n i t y  and temperature 

Geothermal f l u i d s  con ta in  d isso lved s o l i d s  rang ng f rom es s 

than l000ppm t o  over 250,000ppm. S a l i n i t y  a f f e c t s  bo th  the  thermodynamic 

and t h e  chemical p r o p e r t i e s  o f  t h e  f l u i d .  S a l i n i t y  i s  t he re fo re  an impor tant  

v a r i a b l e  i n  cons ider ing  the  problems associated w i t h  t h e  use o f  geothermal 

f l u i d s  i n  both e l e c t r i c  power generat ion and n o n e l e c t r i c  app l i ca t i ons .  

Geothermal f l u i d s  a r e  subdiv ided i n t o  f o u r  s a l i n i t y  ranges. These 

ranges approximate the  commonly used s a l i n i t y  c l a s s i f i c a t i o n s  o f  geothermal 

f l u i d s ,  such as those used by t h e  J e t  Propu ls ion  Laboratory (1975): 

High s a l i n i t y ;  more than l o 5  ppm 

. Intermediate s a l i n i t y ;  between 2 x l o 4  ppm and l o 5  ppm 

The fo l l ow ing  temperature c l a s s i f i c a t i o n s  a r e  based on White and 

Low s a l i n i t y ;  between 2 x l o 3  ppm and 2 x l o 4  pprn 

Very low s a l  i n i t y ;  up t o  2 x i o 3  ppm 

W i  1 1  iams (1975) and app ly  t o  1 i q u i d  dominated resources on ly :  

Very h igh  temperature; over  240°C 

High temperature; between 150°C and 240°C 

. Intermediate temperature; between 90°C and 150°C 

Low temperature; between 40°C and 90°C 

3. C l a s s i f i c a t i o n  Schemes f o r  Geothermal F lu ids  

Geothermal f l u i d  c l a s s i f i c a t i o n  schemes can be based upon a 

number o f  va r iab les .  One o f  the  best  would c o r r e l a t e  t h e  f l u  d composi t ion 

w i t h  temperature and the  thermodynamic, o r  k i n e t i c ,  r e l a t i o n s  o f  the  d i s -  

so lved cons t i t uen ts  and the  rock- forming and accessory minera s.  However, 

such an approach would be d i f f i c u l t  t o  implement because the cu r ren t  thermo- 

dynamic data a r e  inadequate and t h e  chemical processes invo lved a r e  incom- 

p l e t e l y  understood. Instead, the  c l a s s i f i c a t i o n  scheme used i n  t h i s  repo r t  

i s  based on resource type, temperature, and t o t a l  s a l i n i t y .  
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B .  Geothermal F l u i d  Composition 

1. I d e n t i f i c a t i o n  o f  geothermal f i e l d s  

The two m a t r i x  cha r t s  i n  Table 1 show the  p r o b a b i l i t y  o f  ex- 

p l o i t a t i o n ,  o f  d i f f e r e n t  resource types, as a f u n c t i o n  o f  s a l i n i t y  and tem- 

perature.  E x p l o i t a t i o n  depends a l s o  upon a number o f  f a c t o r s  r e l a t i n g  t o  

t h e  b r i n e  composi t ion i n  a d d i t i o n  t o  temperature and s a l i n i t y .  Whi le h i g h  

temperature- low s a l i n i t y  resources are  favored, many composi t ional  f ac to rs  

(e.g., t h e  presence o f  l a r g e  amounts o f  C02, CH4,  o r  HzS,  o r  t he  tendency 

t o  p r e c i p i t a t e  l a r g e  q u a n t i t i e s  o f  ca lc ium carbonate o r  s i l i c a )  may a f f e c t  

dec is ions  t o  proceed w i t h  development o f  a p a r t i c u l a r  resource. 

b i l i t y  assignments g iven i n  Table 1 a r e  based on assessments of cu r ren t  

knowledge o f  each category.  Th is  eva lua t i on  i nd i ca tes  t h a t  f i r s t  p r i o r i t y  

should be g iven t o  n a t i v e  steam and l i q u i d  dominated resources. 

The proba- 

Hot water resources i n  the  Un i ted  States w i t h  a thermal capac i t y  o f  

more than 10'' c a l o r i e s  and temperatures g rea te r  than 90°C were se lec ted  

from White and Wi l l iams (1975) as being t h e  most l i k e l y  t o  be e x p l o i t e d  

d u r i n g  t h e  nex t  ten  years.  A t a b u l a t i o n  o f  these s i t e s  i s  g iven  i n  Tables 

I I A  and B. 

Development o f  geothermal resource a l s o  depends upon f a c t o r s  o the r  

than temperature and s a l i n i t y .  These f a c t o r s  can be d i v i d e d  i n t o  the  two 

broad ca tegor ies  based on p o t e n t i a l  use: 

a. Geothermal resources f o r  e l e c t r i c  power generat ion 
I 

i. P lan t  s i ze .  Geothermal power p l a n t s  a re  expected 

t o  range i n  s i z e  f rom 5MWe t o  200MWe. The optimum s i z e  w i l l  be dependent 

upon t h e  a rea l  ex ten t  o f  t h e  geothermal r e s e r v o i r ,  t he  need t o  avo id  w e l l  

i n te r fe rence ,  p o t e n t i a l  problems o f  r e i n j e c t i o n  o f  t he  spent f l u i d ,  and 



TABLE I 

I n t e r m e d i a t e  S a l i n i t y  H igh  S a l i n i t y  
( 2  x104-105 ppm) ( > i o 5  ppm) 

1 ’  (0-2 x i o 3  ppm) (2 x i o 3 - 2  x 10 ppm) 
Very low s a l i n i t y  Low S a l i n i t  

GEOTHERMAL RESOURCE TYPE 

PROBABILITY OF EXPLOITATION OF GEOTHERMAL FLUID CLASSES 

A. ELECTRIC SYSTEMS 
. 

Hat i v e  Steam 

Very H igh  Temperature ( > 240°C) 

High Temperature (150°C - 240°C) 

In te rmed ia te  Temperature (90°C - 150°C) 

Low Temperature (40°C - 90°C) 

Geopressured B r i n e  

Hot Dry Rock ~ 

Magma 

High  H igh  Not app l  i c a b l e  Not app l  i c a b l e  

Not a p p l i c a b l e  Not app l  i c a b l e  High . i n t e r m e d i a t e  

H igh  H igh  I ntermed i a t e  I n t e r m e d i a t e  

Low Low Low Low 

Not app l  i c a b l e  Not app l  i c a b l e  Not app l  (cab le  Not app l  i c a b l e  

Not app l  i c a b l e  Not app l  i c a b l e  Not app l  i c a b l e  I n t e  rmed i a t e  

Not app l  i c a b l e  

Not known 

Low Low Low 

Not known Not known Not known I - 
- - E  

I 

I n t e r m e d i a t e  S a l i n i t y  1 ( 2  x i o 4 - i o 5  ppm) (0-2 x i o 3  ppm) ( 2  x 10’-2 x 10 ppm) 
Very low s a l i n i t y  Low Sal i n i t  GEOTHERMAL RESOURCE TYPE 

N a t i v e  Steam High  H igh  Not app l  i c a b l e  

Very H igh  Temperature ( > 240°C) H igh  High High 

H igh  Temperature (150°C - 240°C) H igh  High I n t e rmed i a t e  

I n t e r m e d i a t e  Temperature (90°C - 150°C) H igh  H igh  I n t e  rmed i a t e 

H igh  I n t e r m e d i a t e  Low Tsmperature (40°C - 90°C) H igh  

Geopressured B r i n e  Not a p p l i c a b l e  Not app l  i c a b l e  Not app l  i c a b l e  

Hot Dry Rock Not app l  i c a b l e  Not app l  i c a b l e  Not a p p l i c a b l e  

Magma Not app l  i c a b l e  Not app l  i c a b l e  Not app l  i c a b l e  

- 
High S a l i n i t y  
( > i o 5  ppm) 

Not app l  i c a b l  e 

H igh  

Low 

Low 

Not a p p l i c a b l e  

i n t e r m e d i a t e  

Not a p p l i c a b l e  

Not app l  i c a b l e  



TABLE I I 

GEOTHERMAL HOT WATER R E S O U R C E S  

A. TEMPERATURES > 150°C AND TOTAL HEAT CONTENT > 1 x l o ’ *  CALORIES 

Heat Content 
x 1018 Cal. $ 

QT QN 

KGRA o r  
Geothermal F i e l d  

C a l i f o r n i a  

Braw 1 ey 
Cos0 Hot Spr ings 
East Mesa 
Heber 
Mono-Long V a l l e y  

“Morgan Spr ings 
Sal t o n  Sea 

“Surp r i se  Val l e y  
?The Geysers 

Well  B r i n e  S a l i n i t y  
W E L L S  Data ,, Data PPm 

Hawa i i 

Puna Geothermal F i e l d  

21 6.5 26 

18.9 numerous 
24 3.9 9 

we1 1 s 

2 

5.9 2 
6.1 we1 Is 

5.7 6 we1 1 s t o  

3.6 13 
2.3 we1 1 

600 meters 

- 

I dah0 

Crane Creek 
*Weiser 

Yes Yes 60 , 000 

yes 2,000-32,000 Yes 
Yes yes 12,000--13,000 
Yes Yes 800- 1,100 

Yes Yes 260 , 000 
Yes 

Yes Yes 1,3QO 

Ye5 

Y 62-5 Y e5 1,200 

Yes Yes 2,600 

Nevada 

Beowawe Hot Spr ings 

Brady Hot Spr ings 

Soda Lake 
Steamboat Spr ings 
S t i l l w a t e r  

;:Sulfur Hot Spr ings 

“Great Boi 1 i ng  Spr ings 

New Mex i co 

‘CVa 1 1 es Ca 1 dera 

Oregon 

Crumps Spr ing  
“Hot Lake 

Lakev i ew 
;:Mickey Hot Spr ings 

Vale Hot Spr ings 

numerous 
w e l l s  

Utah - 

yes 13,000-25 9 000 Yes 

Cove- F o r t -  Su 1 f urda 1 e 
Roosevel t (McKeon) Hot Sp r ing  

Wyoming 

“Yel lowstone 

Mex i co  

;‘:Cerro P r i e t o  

* Not 1 i s t e d  by USGS as KGRA 
t Steam f i e l d  

-- 
0 

Temp. 
“C  
- 

200 
220 
I 80 
I 9 0  
220 
210 
340 
175 
240 
- 

280 - 

180 
160 

240 

214 
170 
165 
210 
160 
190 - 
240 
- 

180 
180 
160 
210 
160 

200 
230 

133 I 1 yes 1 yes 1 500-2,000 

ll I nc ludes  w e l l  owner and d r i l l i n g  da te  
5 I nc ludes  chemical analyses,  temperature, pH, t o t a l  d i s s o l v e d  s o l i d s ,  e t c .  

6 From Whi te  and W i l l i a m s  (1975) 
Cons ide r ing  323°K s i n k  temperature ( 5 O o C )  
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6 w e l l s  t o  
338 meters 

2 w e l l s  t o  
1100 meters 

TABLE I I ( con t inued)  

GEOTHERMAL HOT WATER R E S O U R C E S  

yes 

yes 

B. TEMPERATURES BETWEEN 90°C and 150°C AND TOTAL HEAT CONTENT > 1 x l o ' *  CALORIES 

Wendell-Amedee 

$:Wilbur Hot Sp r ings  . 

KGRA o r  
Geot he rma 1 F i e l  d 

140 1.1 

145 2.5 

Ca 1 i f o r n  i a  

Double Hot Sp r ings  

F l y  Ranch Hot Spr ings  

Oregon 

145 1.6 

130 1 . 1  

Idaho 

Bruneau-Grandview 

2 

fcRaf t R i v e r  

yes yes 1,200 

I 120 I 30 

Klamath F a l l s  

Wel l  B r i n e  S a l i n i t y  
DataTl Data § P Pm 

WELLS 

N ume ro u s 
we1 Is 

2 yes yes 1,200-1,800 

Numerous 
we1 1s 

* Not 1 i s t e d  by USGS as KGRA 
Tl I nc ludes  w e l l  owner and d r i l l i n g  d a t e  
§ i n c l u d e s  chemical  analyses,  temperatures,  pH, t o t a l  d i s s o l v e d  s o l i d s ,  e t c .  
3: Cons ide r ing  323'K s i n k  temperature (50°C) 
0 From Wh i te  and W i l l i a m s  (1975) 
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t rade -o f f s  expected through ba lanc ing  the  cos t  o f  e l e c t r i c  power t rans-  

miss ion  l i n e s  and smal l  power p l a n t  capac i t y  aga ins t  t h e  more c o s t l y  steam 

o r  geothermal f l u i d  c o l l e c t i o n  l i n e s  and l a r g e r  power p l a n t  capac i ty .  

.. 
1 1 .  Resource s i z e .  The resource s i z e  may have a 

s i g n i f i c a n t  impact on development. I n  genera l ,  p o t e n t i a l l y  l a r g e r  r e -  

sources w i l l  be developed be fo re  smal le r  ones. However, except ions a r e  

p o s s i b l e  when, f o r  example, a small  resource i s  conven ien t ly  located,  the 

r i s k s  invo lved i n  i t s  development a r e  ve ry  smal l ,  and techn ica l  problems 

a r e  minimal.  

... 
I I I .  S t e  l oca t i on .  I t  i s  n o t  known what e f f e c t  

the  cos t  o f  t r a n s m i t t i n g  e l e c t r  c i t y  would have on the  economics o f  geo- 

thermal power p lan ts .  Small un t s  o f  l e s s  than 15MWe may n o t  be econo- 

m i c a l l y  j u s t i f i e d  i f  t h e  communities served a r e  more than 50 m i l e s  away. 

The p o s s i b i l i t y  a l s o  e x i s t s  t h a t  an o therw ise  a t t r a c t i v e  s i t e ,  remote 

from any p o i n t  o f  u t i l i z a t i o n ,  may s t i m u l a t e  development i n  t h e  reg ion.  

These cons idera t ions  should be i nves t i ga ted  f u r t h e r .  

Other s i t e s  have obvious l i m i t a t i o n s  which 

would, i n  most cases, r u l e  o u t  resource development (e.g., n a t i o n a l  parks,  

r e s i d e n t i a l  areas, m i l i t a r y  reserva t ions ,  and some o f f s h o r e  l o c a t i o n s ) .  

i v .  Temperature and w e l l  cos t .  These two f a c t o r s  

a r e  i n t e r r e l a t e d .  According t o  Nathensen and M u f f l e r  ( i n  White and 

Wi l l iams,  1975), the  r e t u r n  needed t o  pay for  a w e l l  i s  approx imate ly  

0.8 m i l / k i l owa t t -hou r  i n  1974 d o l l a r s .  Using the  conserva t ive  assumption, 

t h a t  1.5 m i l / k i l owa t t -hou r  i s  a v a i l a b l e  f o r  d r i l l i n g  costs ,  the authors 

p o i n t  o u t  t h a t  a $300,000 w e l l  must produce 2.7MWe for  a p a r t i c u l a r  geo- 

thermal resource t o  be compet i t i ve .  A w e l l  can produce t h i s  power ou tpu t  
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i f  i t  has s u f f i c i e n t  f l o w  and t h e  geothermal f l u i d  has s u f f i c i e n t  tempera- 

t u r e .  Because t h e  e l e c t r i c  energy capable o f  be ing produced per  k i l og ram 

o f  f l u i d  dec l i nes  r a p i d l y  as t h e  temperature f a l l s ,  t h e  volume o f  f l u i d  

necessary t o  produce a g iven power ou tpu t  becomes excessive (e.g., a t  150°C, 

a mass f low o f  80kg/s ,  o r  1270gal /min i s  requ i red  whereas a t  100°C, a mass 

f l o w  o f  200kg/s, o r  3170gal /min i s  requ i red) .  

per  i n s t a l l e d  k i l o w a t t  o f  capac i t y  increase r a p i d l y  w i t h  decreasing f l u i d  

Furthermore, the  p l a n t  cos ts  

temperature. On the  o t h e r  hand, t h e  o p p o r t u n i t y  t o  use waste heat f o r  non- 

e l e c t r i c  uses o r  fo r  t h e  produc t ion  o f  by-products f rom t h e  geothermal f l u i d  

(;.e., m inera ls  and po tab le  o r  a g r i c u l t u r a l  water)  might improve t h e  o the r -  

w ise  un favorab le  economic cond i t i ons  f o r  t h e  generat ion o f  e l e c t r i c  power. 

For t h i s  eva lua t i on ,  o n l y  temperature i s  considered a r e s t r a i n t  for  s i t e  

s e l e c t i o n .  The o t h e r  f a c t o r s  which i n f l uence  produc t ion  r a t e  depend essen- 

t i a l  l y  on knowledge obta ined through development o f  t h e  resource (see 

Sect ion  v i  i, Other f a c t o r s ,  below). 

v. Geothermal f l u i d  chemist ry .  Geothermal f l u i d s  

which have unusual chemical p r o p e r t i e s  ( h i g h  s a l i n i t y ,  s i g n i f i c a n t  quan t i -  

t i e s  o f  t o x i c  meta ls ,  boron, l a r g e  q u a n t i t i e s  o f  noncondensable gases, e t c . )  

w i l l  be u t i l i z e d  w i t h  d i f f i c u l t y .  S u i t a b l e  and cheap pret reatment  methods 

must be devised f o r  such resources. Th is  may r e q u i r e  a c o s t l y  research and 

development e f f o r t .  

v i .  A v a i l a b i l i t y  o f  sur face water .  The a v a i l a b i l i t y  

o f  water f o r  c o o l i n g  can be an impor tant  requirement f o r  any geothermal 

p l a n t .  For thermodynamic reasons, the  q u a n t i t y  o f  heat r e j e c t e d  per MWe 

ou tpu t  f rom a geothermal p l a n t  i s  much l a r g e r  than f rom f o s s i l  . fuel  o r  

nuc lear  power p l a n t s  of the same s ize .  

peratures p r e v a i l  (e.g., the  Imper ia l  Va l ley ,  C a l i f o r n i a )  evapora t ive  

I n  reg ions where h i g h  ambient tem- 
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c o o l i n g  i s  necessary t o  improve p l a n t  ope ra t i ng  e f f i c i e n c y .  However, t h i s  

a l s o  leads t o  a very  l a r g e  loss of  water.  I f  geothermal f l u i d s  a re  t o  be 

i n j e c t e d  t o  min imize o r  prevent subsidence, make-up water must be supp l ied  

t o  compensate f o r  water  losses due t o  evapora t ive  coo l i ng .  I t  i s  a l s o  con- 

c e i v a b l e  though ques t ionab le  t h a t  s c a l i n g  i n  i n j e c t i o n  w e l l s  and d isposa l  

l i n e s  can be minimized by d i l u t i n g  geothermal f l u i d s  w i t h  f r e s h  water .  

v i i .  Other fac to rs .  Several o t h e r  f a c t o r s  cou ld  be 

i n f l u e n t i a l  i n  the  development o f  a ho t  water geothermal resource. These 

r e l a t e  t o  r e s e r v o i r  c h a r a c t e r i s t i c s  which may, o r  may no t ,  be a n t i c i p a t e d  

p r i o r  t o  development. Inc luded are:  

( 1 )  Bad ground which esca la tes  d r i l l i n g  cos ts  t o  

p r o h i b i t i v e  l e v e l s  o r  s i g n i f i c a n t l y  reduces w e l l  l i f e .  A c t i v e  f a u l t  move- 

ments, severe ly  f r a c t u r e d  o r  f r i a b l e  rock, o r  incompetent c l a y  hor izons  may 

lead t o  abandonment of  development of  an o therw ise  d e s i r a b l e  resource. 

(2 )  E r r a t i c  d i s t r i b u t i o n  o f  geothermal f l u i d s  

lead ing  t o  d r y  o r  low produc t ion  w e l l s  and an excess ive number of unsuc- 

cessfu l  we1 1s. 

(3 )  Low producing format ion th ickness o r  

permeabi 1 i t y .  

b. Geothermal resources f o r  n o n e l e c t r i c  uses. 

Many f a c t o r s  which i n f l u e n c e  t h e  development o f  geother-  

mal resources f o r  e l e c t r i c  power genera t ion  a l s o  a f f e c t  t h e  development o f  

geothermal resources f o r  n o n e l e c t r i c  uses. I n  a d d i t i o n ,  t h e r e  a r e  o t h e r  

fac to rs  which apply  p a r t i c u l a r l y  t o  n o n e l e c t r i c  uses. 

i. Resource l o c a t i o n .  Geothermal resources f o r  heat-  

Hot water  can be t ranspor ted  i ng  w i l l  be c r i t i c a l l y  dependent on l o c a t i o n .  
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only for limited distances (approximately 30 to 50 miles) before heat losses 

and transmission costs render such an undertaking uneconomic. Therefore, 

the utilization of geothermal heat will depend primarily on the fortuitous 

coincidence of availability and the needs of industrial, agricultural, or 

community interests. Thus, resources located in remote undeveloped areas 

are unlikely to be economic unless they are sufficiently large to attract 

industrial or agricultural enterprises and a supporting population. 
.. 
1 1 .  Temperature, salinity, and well costs. There is 

an extensive temperature hierarchy of thermal applications for geothermal 

fluids. The most likely applications depend on the availability of and the 

equivalent cost of heating with more conventional fuels. Fluids having low 

total dissolved solids and relatively high temperatures will be most readily 

exploitable with extensions of present technology. If analyses indicate 

economic feasibility, with or without artificial mechanisms of support such 

as tax incentives, subsidies, etc., these may merit a high priority for 

early development. 

As mentioned under Section III.B.l.a.v. on page 13, geothermal fluids 

having unusual chemical properties will be utilized with difficulty. Appro- 

priate treatment methods must be found for such resources. 

Unlike geothermal electric power development, thermal applications of 

geothermal fluids can range in size from very small (e.g., the heating of a 

domestic residence) to large scale industrial applications. Therefore, the 

size o f  a geothermal resource is not necessarily a limitation to its exploit- 

ation. Deep drilling may be justified if the quantity, quality, and tempera- 

ture of the water are favorable for the application envisaged. 



-21 - 

2. Compi la t ion o f  analyses o f  geothermal f l u i d s  

Chemical analyses and r e l a t e d  data p e r t a i n i n g  t o  t h e  geo- 

thermal s i t e s  i d e n t i f i e d  as being most l i k e l y  t o  be e x p l o i t e d  have been 

c o l l e c t e d  and f i l e d .  The data compiled inc lude:  

Concentrat ions o f  chemical components; 

Methods o f  chemical ana lys i s ;  

Phys ica l  parameters, e.g., pH, t o t a l  d i sso l ved  s o l i d s ,  

s p e c i f i c  g r a v i t y ;  

Sampling in fo rmat ion ,  e.g., methods, l o c a t i o n ,  date;  

Well in fo rmat ion ,  e.g., depths, temperatures, f l o w  ra tes ;  

Sources o f  data. 

The comp i la t i on  has over  f i f t y  ca tegor ies  o f  storage. 

The data have been c o l l e c t e d  from t h e  l i t e r a t u r e  and from t h e  p r i v a t e  

sec tor .  A b i b l i o g r a p h y  o f  a l l  sources o f  data i s  included. 

The in fo rma t ion  ob ta ined i s  s to red  on t h e  Berkeley Data-base Manage- 

ment System (BDMS), a computer f i l i n g  system a l s o  used by LBL's Nat iona l  

Geothermal I n fo rma t ion  Resources Group. The system a l l ows  users t o  choose 

data elements t a i l o r e d  t o  t h e i r  needs. Data i npu t  on BDMS may be ed i ted ,  

updated, and r e t r i e v e d  o r  manipulated as requi red.  

The comp i la t i on  may be used i n  numerous ways, e.g., t o  develop thermo- 

dynamic models o f  geothermal f l u i d s ,  t o  c o n s t r u c t  temperature versus concen- 

t r a t i o n  diagrams f o r  major c o n s t i t u e n t s ,  o r  as a re fe rence f o r  s c i e n t i s t s  

working on geothermal resources development. The comp i la t i on  i s  a v a i l a b l e  

as a separate LBL r e p o r t  (Cosner and Apps, 1977). 

Caut ion should be exerc ised i n  us ing  unevaluated chemical analyses o f  

geothermal f l u i d s .  A t t e n t i o n  must be pa id  t o  t h e  na tu re  o f  t h e  sample 
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( i .e .  , unf lashed quenched f l u i d ,  res idua l  b r i n e ,  condensate, reconst ructed 

f l u i d ,  e t c . ) ,  t he  manner i n  which i t  was taken, t he  h i s t o r y  of  t he  sample 

p r i o r  t o  i t s  ana lys i s ,  t he  methods used i n  chemical ana lys i s ,  t he  complete- 

ness o f  the ana lys i s ,  t h e  u n i t s  s p e c i f i e d ,  and the  i n t e r n a l  consistency of  

t h e  chemistry.  I t  should a l s o  be recognized t h a t  one ana lys i s  need n o t  be 

rep resen ta t i ve  o f  a geothermal f i e l d .  F l u i d  composit ions vary w i t h  depth, 
.$ 

l o c a t i o n ,  temperature, and t ime. The l i m i t e d  number o f  a v a i l a b l e  analyses 

f o r  some f i e l d s  may be t o t a l l y  misleading. 

3 .  I d e n t i f i c a t i o n  o f  geothermal f l u i d  components. 
I 

Those f l u i d  components which could adverse ly  a f f e c t  p l a n t  

performance and the environment a r e  l i s t e d  under t h e i r  respec t i ve  problem 

areas : 

. 

4. 

Sca l i ng  c o n s t i t u e n t s  

Ca, Ba, CFe, Cu, Pb, CC02, C 1 - ,  CSO,-, H2S, Si02 

Noncondensable c o n s t i t u e n t s  

C02, H 2 S ,  C H 4 ,  MH3, H2,  N2  

Environmental ly hazardous c o n s t i t u e n t s  

H2S,  2 2 2  Rn, As ,  Sb, Se, B, Cd, Hg, “ 3 ,  F, Ag, T I ,  Pb, 

t o t a l  s a l i n i t y .  

V a r i a t i o n  of  concen t ra t i on  o f  geothermal f l u i d  components 

as a f u n c t i o n  o f  temperature and s a l i n i t y .  

An e v a l u a t i o n  o f  the v a r i a t i o n  o f  the concen t ra t i on  o f  t he  

chemical components as a f u n c t i o n  o f  temperature and s a l i n i t y  i s  i n  progress, 

and a separate r e p o r t  w i l l  be prepared on t h e  sub jec t .  Th is  i n fo rma t ion  

w i l l  p rov ide  general guide1 ines f o r  t h e  composi t ional  t rends o f  i n d i v i d u a l  

chemical components. I n  some cases, the composi t ional  v a r i a t i o n  w i t h i n  a 

s p e c i f i e d  range o f  temperature and s a l i n i t y ,  may be two orders o f  magnitude. 
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Such v a r i a t i o n s  can be due t o  chemical d i f f e r e n c e s  of the  hos t  rock,  o x i -  

d a t i o n  p o t e n t i a l ,  the  presence o f  complexing agents, o r  even t o  erroneous 

a n a l y t i c a l  procedures. 

5. C l a s s i f i c a t i o n  o f  geothermal resources by temperature and 

s a l i n i t y .  

A v a i l a b l e  data f rom f i f t e e n  geothermal f i e l d s  permi t  t h e i r  

c l a s s i f i c a t i o n  as a f u n c t i o n  o f  temperature and s a l i n i t y .  Th is  c l a s s i f i c a t i o n  

i s  g i ven  i n  Table I l l  i n  which the geothermal f i e l d s  a r e  i d e n t i f i e d  by the 

temperature and s a l i n i t y  ranges es tab l i shed i n  t h i s  r e p o r t .  I t  i s  i n t e r e s -  

t i n g  t o  no te  the  absence o f  resources below the d iagonal  f rom T > 24OoC, 

s a l  i n i t y  > l o 5  ppm t o  T < 9 O " C ,  s a l i n i t y  < 2 x l o 3  ppm. Th is  permi ts  simp1 i- 

f i c a t i o n  o f  t h e  geothermal f l u i d  c lasses i n t o  f o u r  groups: 

1 .  

2.  

3. 

4. 

Temperature over 40°C and s a l  i n i t y  less than 2 x l o 3  ppm 

Temperature over  90°C and s a l i n i t y  between 2 x I O 3  ppm and 2 x l o 4  ppm 

Temperature over  150°C and s a l i n i t y  between 2 x l o 4  ppm and I O 5  pprn 

Temperature over  240°C and s a l i n i t y  over  l o5  ppm 

These groups w i l l  be used subsequently t o  s i m p l i f y  the  i d e n t i f i c a t i o n  o f  

problems r e l a t i n g  t o  s c a l i n g  and sludge format ion.  
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, 

I V .  PROGRAM D E F I N I T I O N  

Th is  Sect ion determines what p r o j e c t s  a re  requ i red  t o  so l ve  problems 

r e l a t i n g  t o  the  use o f  geothermal f l u i d s  i n  e l e c t r i c  power generat ion and 

i n  n o n e l e c t r i c  systems. This  o b j e c t i v e  i s  accomplished through: 

(A) The i d e n t i f i c a t i o n  o f  problems through t h e  l i s t i n g  o f  components 

o f  geothermal systems and subsystems and t h e  working f l u i d s  i n  

con tac t  w i t h  those components; 

(B) The establ ishment o f  c o n t r o l  f e a s i b i l i t y  through i d e n t i f i c a t i o n  

o f  c o n t r o l  methods and comparison w i t h  the problems expected i n  

d i f f e r e n t  p l a n t  components; 

( C )  P r o j e c t  i d e n t i f i c a t i o n  i n  which p r o j e c t s  r e l a t i n g  t o  fundamental 

s tud ies  and problem d e f i n i t i o n ,  c o n t r o l  methods, and research 

and development i n  support  o f  c o n t r o l  methods a r e  l i s t e d .  

A d e c i s i o n  c h a r t  l ead ing  t o  the  l i s t i n g  o f  p r o j e c t s  and o u t l i n i n g  the  i n t e r -  

mediate steps i s  shown i n  F igu re  3 and serves as a ready reference t o  the  

f o l  lowing t e x t .  

A. Problem i d e n t i f i c a t i o n  

Problems a r e  i d e n t i f i e d  i n  two ways: (1) by assessment o f  t he  

impact o f  a geothermal f l u i d  on t h e  opera t i on  o f  a geothermal p l a n t ;  and 

(2 )  by d iscuss ions w i t h  p ro fess iona ls  i n  the  f i e l d  and reference t o  a v a i l -  

a b l e  l i t e r a t u r e  on geothermal p l a n t  ope ra t i on .  The second course o f  a c t i o n  

i s  taken instead o f  t h e  f i r s t ,  which cannot always be used f o r  l a c k  o f  

s u f f i c i e n t  i n fo rma t ion  on the  concen t ra t i on  o f  g iven components i n  geo- 

thermal f l u i d s .  

and components, and the range o f  working f l u i d s  t o  be considered. Problems 

a r e  then i d e n t i f i e d  i n  the  manner descr ibed above f o r  t he  f o u r  problem 

This  subsect ion discusses geothermal systems, subsystems, 
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areas t o  which t h i s  repo r t  i s  addressed. 

1 .  Geothermal systems 

Geothermal systems can be subdiv ided i n t o  two ca tegor ies :  

E l e c t r i c  power genera t ion  

None lec t r i c  uses 

Tables I V A  and B l i s t  t h e  types o f  systems found w i t h i n  each category and 

associated opera t i ng  cond i t ions .  

The number o f  poss ib le  convers ion system c o n f i g u r a t i o n s  f o r  t he  ex- 

p l o i t a t i o n  o f  l iqu id -dominated  geothermal resources i s  s u b s t a n t i a l  and a t  

present  t h e r e  i s  no c l e a r  i n d i c a t i o n  t h a t  any p r e f e r r e d  system w i l l  emerge. 

The chemical c h a r a c t e r i s t i c s  and temperature o f  a geothermal f l u i d  a t  each 

s i t e  r a t h e r  than system e f f i c i e n c y  w i l l  p robably  d i c t a t e  t h e  choice o f  

system. 

The p r i n c i p a l  subsystems of  bo th  e l e c t r i c  and n o n e l e c t r i c  systems a r e  1 i s t e d  

Each system can be de f ined i n  terms of  subsystems and components. 

together  w i t h  associated. components i n  Table V .  Emphasis i s  g iven t o  those' 

components which a re  i n  contac t  w i t h  the  geothermal f l u i d  o r  der ived  f l u i d  

( i  .e., steam, condensate, noncondensable gases, e t c . ) .  

2. Working f l u i d s  

The work ing f l u i d s  i n  a geothermal system a re  c i a s s i f i e d  

as fo l l ows :  

Geothermal f l u i d ,  l i q u i d  s t a t e  

Steam (bo th 'wet  and d r y )  

Condensate 

Secondary ( u s u a l l y  a hydrocarbon o r  m i x t u r e  o f  hydrocarbons) 

Cool ing water ~ 

Make-up water 

The impact o f  o n l y  those f l u i d s  which o r i g i n a t e  f rom o r  a r e  compos i t i ona l l y  

a f f e c t e d  by t h e  geothermal f l u i d  a re  considered i n  t h i s  r e p o r t .  



-28- 

.'\ 2 .  

TABLE I V  

TYPES'OF GEOTHERMAL SYSTEMS 

Types o f  Geothermal Systems I Opera t i ng  Cond i t i ons  

ELECTRIC POWER GENERATION ' I '  

1 .  N a t i v e  Steam 

2. F lash  Steam 

3. T o t a l  Flow 

a. H e l i c a l  Screw 

b. Tu rb ines  

4 .  B i n a r y  

a. Normal 

b. D i - r k c t  C o n t a c t .  

5. Dual Steam 

5. Flash' B i n a r y  

a. Normal 

b. D i r e c t  Contact  

7. M u l t i s t a g e  F lash  B i n a r y  

8. M u l t i s t a g e  F lash  D i r e c t  Contact  

NONELECTRIC USES 

1 .  Process Steam ( I n d u s t r i a l ,  
Agr i c u  1 t u r a l  ) 

2. P r o d u c t i o n  o f  Fresh Water 

3. D r y i n g  ( A g r i t u l t u r a l ,  I c e  m e l t i n g )  

4 .  Space Hea t ing  ( A g r i c u l t u r a l ,  
Domes t i c )  

5. D i r e c t  Use (Rec rea t iona l ,  F i s h  
c u  I t i v a t  i o n )  

l a t i v e  Steam 200°C - 300°C 

-150°C and up, any s a l i n i t y ,  low noncondensable gas c o n t e n t  

Any temperature and s a l i n i t y :  
resources.  

A p p r o p r i a t e  f o r  geopressurec 

P r e f e r r e d  f o r  lower  temperature resources ( 5  15OoC), o r  
dhere t h e r e  i s  a s u b s t a n t i a l  noncondensable gas con ten t  

P r e f e r r e d  f o r  use w i t h  f l u i d s  where s u b s t a n t i a l  s c a l i n g  of 
c o n t a c t  hea t  exchangers i s  l i k e l y  t o  occur .  Not  d e s i r a b l e  
where s u b s t a n t i a l  noncondensable gases a r e  found. 

As f o r  2 and 3 above (F lash  Steam and T o t a l  F low).  

P r e f e r r e d  where t h e r e  a r e  h i g h  v o l a t i l e  o r  noncondensable 
gas con ten ts .  

P r e f e r r e d  where h e a t  exchanger f o u l i n g  i s  p a r t i c u l a r l y  
troublesome. P r e f e r r e d  where noncondensable gas c o n t e n t  
i s  low. 

P r e f e r r e d  where s a l i n i t y  i s  v e r y  h i g h  ( >  IO5 ppm) 

P r e f e r r e d  where s a l i n i t y  i s  v e r y  h i g h  ( >  IO ppm) 

Temperatures > 150°C and low c o n c e n t r a t i o n s  o f  t o x i c  
v o l a t i l e s  d e s i r a b l e  

Temperatures > 90°C w i t h  low s a l i n i t y  and low c o n c e n t r a t i o n s  
3 f  t o x i c  v o l a t i l e s .  

Temperatures f rom 40°C - 150°C 

remperatures f rom 40°C - 150°C 

Temperatures up t o  400C w i t h  low c o n c e n t r a t i o n  o f  t o x i c  
cons t i tuen t s  

( I )  Systems taken  i n  p a r t  f rom E l l i o t t  (1975).  
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TABLE V 

SUBSYSTEMS AND COMPONENTS OF GEOTHERMAL SYSTEMS 

Subsys tem Component 

1. Recovery 

2 .  Col l e c t  ion  

3 .  Steam Separat ion 

4. Heat Exchanger 
a. She l l  and tube 
b. D i r e c t  con tac t  

5. Expander (energy conversion) 
a. Turb ine ( a x i a l  o r  r a d i a l  f l o w )  
b. Impulse t u r b i n e  ( t o t a l  f l ow)  
c. H e l i c a l  screw ( t o t a l  f l ow)  
d. Miscel laneous 

6. Condenser 
a. D i r e c t  con tac t  
b. Surface 

7. Disposal 

8. Miscel laneous 
a. Chemical t reatment 
b. Minera l  recovery 

etc .  

Wells; Downhole pumps 

Pip ing,  valves,  expansion j o i n t s ,  
screens, s e t t l i n g  tanks 

Flash vessels,  evaporators,  separa- 
t o r s ,  scrubbers, e j e c t o r s  

Tubing, s h e l l s ,  valves,  

S t a t o r ,  r o t o r ,  s h a f t ,  b 
expansion nozzle,  p ipes 

b a f f l e s  

ades, 
va lves,  e t c .  

Cool i n g  towers, pumps (condensate 
c i r c u l a t i o n ,  c o o l i n g  wa te r ) ,  spray 
nozzles,  p i p i n g ,  set t lement  tanks, 
e j e c t o r s  

S e t t l i n g  tanks, scrubbers, f i l t e r s ,  
c o n d i t i o n i n g  tanks, pumps ( c e n t r i -  
f u g a l ,  t u r b i n e ,  p o s i t i v e  d i sp lace -  
ment),, i n j e c t i o n  ,wel ls,  format ion 
adjacent  to  the  i n j e c t i o n  w e l l  

As s p e c i f i e d  f o r  the subsystem. 
. _  



3 .  Problem areas 

The problem areas covered by t h i s  r e p o r t  a r e  as s p e c i f i e d  

on page 1 i n  the I n t r o d u c t i o n :  

Impact on engineer ing design caused by chemical, 

thermodynamic, and t r a n s p o r t  p r o p e r t i e s  o f  geothermal 

f l u i d s ;  

Sca l i ng  and sludge format ion;  

0 Gases, v o l a t i l e  b r i n e  c o n s t i t u e n t s ,  condensate 

chemistry;  

Env i ronmen t a  1 prob 1 ems. 

4. Problem i d e n t i f i c a t i o n  

The i d e n t i f i c a t i o n  o f  s p e c i f i c  problems w i t h  respect  t o  each 

problem area i s  presented i n  t a b u l a r  form i n  Table V I .  I n  Table V I  9 ,  

Sca l i ng  and Sludge Formation, geothermal system components a r e  compared w i t h  

grouped classes o f  geothermal b r i nes ,  and the  p o t e n t i a l  problems and t h e i r  

s e v e r i t y  a r e  estimated. I n  the  remaining problem areas, t he  problem i s  com- 

pared o n l y  w i t h  t h e  system component. 

because o f  the p o t e n t i a l  v a r i a b i l i t y  f rom s i t e  t o  s i t e .  

Problem s e v e r i t y  i s  est imated a t  t h r e e  l e v e l s :  (a) Low-the problem 

Problem s e v e r i t y  i s  n o t  determined 

i s  s u f f i c i e n t l y  minor t h a t  n e i t h e r  design m o d i f i c a t i o n  nor  spec ia l  p reven t i ve  

techniques need be considered. 

maintenance, scheduled shut-down and c leaning,  o r  es tab l i shed  p reven t i ve  

measures. 

be necessary t o  e s t a b l i s h  the  l e v e l  o f  maintenance o r  t reatment requi red.  

(b) 

t he  geothermal system t o  f u n c t i o n  e f f e c t i v e l y .  

The problem can be overcome through r o u t i n e  

Q u a n t i f i c a t i o n  o f  t h e  r a t e s  o f  s c a l i n g  o r  sludge format ion would 

Medium-the problem c a l l s  f o r  p reven t i ve  o r  a m e l i o r a t i v e  t reatment f o r  
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T A B L E  V I  

PROBLEM I D E N T I F I C A T I O N  

A. IMPACT ON DESIGN CAUSED BY GEOTHERMAL FLUID THERMODYNAMICS AND 

TRANSPORT PROPERTIES 

Proper ty  

1 .  

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

Chemistry 

a. S o l u b i l i t y  o f  non- 

b. S o l u b i l i t y  o f  major 

condensables 

d i sso l ved  cons t i t uen ts  
(e.g., NaC1) 

Solubi  1 i t y  o f  minor 
c o n s t i t u e n t s  

c. 

d. pH, Eh 

Densi ty 

En tha 1 py 

Heat Capac 

F i l m  Coeff ci.ents 

, 

. .  
The rma 1 Conduct i v i t y  

V i  scos i t y  

D i f f u s i o n  C o e f f i c i e n t s  

System Components A f fec ted  

Steam separators, sur face and d i r e c t  
con tac t  condensers, e j e c t o r s .  

Steam separators,  a f f e c t s  f l a s h i n g  i n  
w e l l s .  

A l l  system components a f f e c t e d  by scal ing.  

A f f e c t s  i n  p a r t  the c o r r o s i o n  r a t e  of  a l l  
system components exposed t o  geothermal 
f l u i d .  

We1 1 pumps (both recovery and i n j e c t i o n ) .  
Pumping costs  a r e  a f f e c t e d ,  
Steam separators,  
H e l i c a l  screw expander. 

Steam separator components, 
heat exchangers,expanders, 
condensers. 

Steam sepa,ra tor components, 
heat exchangers, expanders, 
condensers. 

'Surface condensers ,' heat exchangers. 

Heat exchangers. 
r a t e s  i n  p l a n t  components. 

~ _ .  
Has impact on scal  ing  

( a f f e c t s  work requ i red  t o  pump f l u i d :  

ores ( a f f e c t s  turbulence and hence 

A l l  system components a f f e c t e d  by s c a l i n g  



T A B L E  V I  (continued) 

P R O B L E M  I D E N T I F I C A T I O N  

B. SCALING AND SLUDGE FORMATION 

COMPONENT 

1 .  Formation adjacent to 
recovery we 1 1 

2. Well 
3. Downhole.pumps 
4. Collection system (i.e., 

piping, valves, etc.) 

5. Two-phase expanders 

6. Steam separators 

7. Heat exchanger components 
a. Shell and Tube 

Direct contact 

8. Turbine blades 

9. Condenser comporients 

r 
b. Surface 

IO.- Scrubbers - -  

~ 1 1 .  Pumps (aboye ground) 
12. Inj-ection wells 

13.- Formstion .adjacent to well 
14. Miscel lan'--ous (settling 

tanks i.e., pre and post 
stages) 

i 

* Problem severity: H = High; 

ESTIMATED PROBLEM TYPE AND SEVERITY" 
< 2 x 10' ppm, 2 x 10'-2 x 10' ppm, 2 x 10+-10' ppm, ' lo= PPm, 
9Oo-240"C 9Oo-24O0C > 150°C > 240°C 

CaC03 ? CaC03 ? ? ? ? ? 

CaC03 L CaC03 L CaC03 L CaC03 L 

CaC03 L CaC03 M-H CaC03 M CaC03 M 

CaCO 3 L CaC03 M-H CaC03 M CaC03, Si02 M-H 

CaC03, Si02, 
CaC03, SiO2, H sulfides, H 

M-H sulfides, etc. Iron oxides 

CaC03, Si02 

not serious 

sulfides probably 
severe 

pptn due to 

CaC03, Si02 M-H CaC03, Si02 

CaC03, Si02 L CaC03, Si02 L CaC03, Si02 L sulfides, FeO L 
I 

Si02 Si02 

CaCOj M CaC03 M-H CaC03, Si02 H CaC03, Si02 H 

spray carryover M L L CaC03, Si02 

L L L minor L 
L L L L 

L L L L 

Si02 M CaC03, Si02 M CaC03, Si02 M-H M 

Si02 H CaCO,, Si02 H CaC03, Si02 H . CaC03, Si02 H 

Si02 H Si02 H CaC03, Si02 H CaC03, Si02 H 

L L L L 
- 

Technology chanqes required 

I 
w 
N 
I 
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1. P rep lan t  emissions (e.g. , vent-  
i n g  d u r i n g  p l a n t  downtime, mal- 
f unc t i ons ,  e t c . ) .  

2. H 2 S  disposal  o r  e l i m i n a t i o n  

TABLE V I (cont inued) 

PROBLEM IDENTIFICATION 

C. GASES, VOLATILE B R I N E  CONSTITUENTS, CONDENSATE CHEMISTRY 

Recovery we1 1s 

, *  

E j ec to rs ,  c o o l i n g ' t o w e r  d r i f t ,  s p i l l s  

No. Problem 

3 .  Emission. o f  o l a t i l e s  , 

(H3B03, Hg, 0 ) .  

~ ~ 

1 .  Noncondensable gas removal 
from b r  i nes 

2. Noncondensable gas remova 
from condensers 

3 .  H 2 S  abatement 

4. Corrosion by condensate, 
i n c l u d i n g  a d d i t i v e s ,  
c a t a l y s t s ,  e t c .  

5. Con t ro l  o f  condensate 
chemist ry  t o  prevent down- 
h o l e  co r ros ion ,  sca l i ng ,  e t c . ,  
by 02 a d d i t i v e s  and c a t a l y s t s  

* ,  

As a 

System Components 

Separators , e j e c t o r s  

Condensers, e j e c t o r s  

Condensers and scrubbers 

Condensers, scrubbers, c o o l i n g  
tower, e tc .  

I n j e c t i o n  w e l l s  

4. Formation damage due t o  
s c a l i n g  or d i s s o l u t i o n  and 
c o l  lapse 
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(c)  High-a s o l u t i o n  t o  t h e  s c a l i n g  

permi t  exp lo  t a t i o n  o f  t h e  geotherma 

supposes the  c u r r e n t  s t a t e  o f  techno 

research and engineer ing development 

l e v e l  o f  problem s e v e r i t y .  

B. Contro l  F e a s i b i l i t y  

o r  s ludg ing  problem i s  necessary t o  

resource. Th is  c l a s s i f i c a t i o n  pre- 

o g i c a l  development. The impact o f  

w i l l  r e s u l t  i n  changes i n  t h e  est imated 

The i n i t i a l  phase o f  t h e  s t ra tegy  f o r  d e f i n i n g  an engineer ing 

development program requ i res :  

i . I d e n t i f i c a t i o n  o f  c o n t r o l  methods; 

The grouping o f  problems having s i m i l a r  causes under com- 

parab le  cond i t i ons ,  and establ ishment  of c o n t r o l  f e a s i b i l i t y .  

1 .  Contro l  methods 

The c o n t r o l  methods a r e  based on the  problem areas i d e n t i -  

f i e d  i n  Sect ion IV.A.3 ,  on page 21. The c o n t r o l  methods f o r  each problem 

area a r e  l i s t e d  i n  Table V I .  The l i s t s  a r e  comprehensive and inc lude  some 

methods which may eventual  y prove t o  have l i m i t e d  o r  no a p p l i c a t i o n  i n  geo- 

thermal energy systems. The l a s t  two problem areas ove r lap  s t r o n g l y  as 

hydrogen s u l f i d e  emission i s  the  c h i e f  environmental  problem associated 

w i t h  geothermal development. Experience a t  The Geysers has amply demon- 

s t r a t e d  t h a t  f i n d i n g  a work ing s o l u t i o n  t o  t h e  problem o f  hydrogen s u l f i d e  

emission i s  o f  importance i n  ga in ing  p u b l i c  acceptance o f  geothermal energy 

and, f o r  t h a t  mat te r ,  i n  o b t a i n i n g  permission from the  re levan t  regu la to ry  

agencies t o  expand capac i ty .  

Condensate chemist ry  must be s p e c i f i c a l l y  inc luded s ince  a subs tan t i a l  

p a r t  o f  t h e  f l u i d  f l o w  i n  a f l a s h  steam c y c l e  p l a n t  i s  condensate r a t h e r  

than the  pr imary  geothermal f l u i d .  The p r a c t i c a l  importance o f  condensate 
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chemistry i s  t h a t  H z S  emission i s  l a r g e l y  determined by the  comp,ex chemical 

i n t e r a c t i o n s  between steam, condensate, and of f -gas. 

2. Establ ishment o f  c o n t r o l  f e a s i b i l i t y  

The f i r s t  s tep i n  e s t a b l i s h i n g  c o n t r o l  f e a s i b i l i t y  i s  t he  

grouping o f  problems having s i m i l a r  causes under comparable cond i t i ons .  

Thus, f o r  example, s c a l i n g  i n  recovery w e l l s ,  downhole pumps, and c o l l e c t i o n  

systems i s  s i m i l a r  f o r  c e r t a i n  b r i n e  types. This  i s  accomplished through 

review o f  Table V I I .  Comparison o f  problem groups w i t h  c o n t r o l  methods 

es tab l i shes  whether o r  n o t  t he  f e a s i b i l i t y  o f  t he  g iven c o n t r o l  method i s  

e f f e c t i v e  and some i n d i c a t i o n  i s  given o f  t he  amount o f  research and 

development e f f o r t  invo lved i n  implementing such a method. 

Contro l  f e a s i b i l i t y  i s  c l a s s i f i e d  according t o  the  f o u r  l e v e l s  o f  

research and development e f f o r t  invo lved.  

(A )  

(B) Long-range RED e f f o r t  ( > 5 years) 

( C )  Uncer ta in  t h a t  technology can be developed. Innovat ion i s  

In termediate RED e f f o r t  requ i red  ( - < 5 years) 

requ i red. 

(D)  Ser ious  drawbacks because of technology, cost ,  o r  i r re levance.  

( X )  None requi red.  Technology a v a i l a b l e .  

Level A i s  of immediate concern s ince i t  represents research e f f o r t s  w i t h  

l e s s  s i g n i f i c a n t  r i s k  and a p o t e n t i a l l y  s h o r t  t ime l i m i t  f o r  problem solu-  

t i o n .  It covers p r o j e c t s  .that can be accomplished i n  t h e  t ime necessary t o  
i - -  I 3  

i nsu re  t h a t  f h e  DOE goals i n  

r e q u i r e  longer  range o r  h i g h  r i s k  research which i s  incompat ib le w i t h  t h e  

t. Levels B ,  C ,  and D 

proposed program. 

Table V I 1 1  summarizes the c o n t r o l  f e a s i b i l i t y  r e s p e c t i v e l y  f o r  t h e  

impact o f  geothermal f l u i d  on p l a n t  design; s c a l i n g  and sludge format ion;  
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2. Def ine  compos i t iona l  ranges o f  geothermal f l u i d  c lasses .  

3 .  Def ine  chemical thermodynamic p r o p e r t i e s  o f  geothermal f l u i d s  t o  p r e d i c t  c o n d i t i o n s  

4. 

which r e q u i r e  system m o d i f i c a t i o n .  

Def ine  ra tes  o f  s c a l i n g ,  p r e c i p i t a t i o n ,  gas p a r t i t i o n ,  o x i d a t i o n ,  etc., fromgeothermal 
f l u i d  and d e r i v a t i v e  f l u i d s  under var ious  geothermal system o p e r a t i n g  c o n d i t i o n s  t o  
e s t a b l i s h  system design requirements. 

heat  capac i t y ,  e t c . ) .  

Speci fy  t r a n s p o r t  p r o p e r t i e s  o f  geothermal f l u i d s  (e.g. f i l m  c o e f f i c i e n t s ,  thermal con- 
d u c t i v i t y ,  v i s c o s i t y ,  d i f f u s i o n  c o e f f i c i e n t s ,  e t c . ) .  

5. Speci fy  the  thermodynamic p r o p e r t i e s  o f  geothermal f l u i d s  (e.g. dens i t y ,  en tha lpy ,  

6 .  

i. Sca l i ng  and Sludge Formation 

1 .  P e r i o d i c  Cleaning 
a. Phys ica l  removal, e.g. sc rap ing ,  phys i ca l  shocking 
b. Thermal shocking 
c .  U l t r a s o n i c  c lean ing  
d. C a v i t a t i o n  techniques 
e. S t r i p p a b l e  coa t ings  
f .  D i s s o l u t i o n  w i t h  chemical agents 

a. Phys ica l  removal, e.g. sc rap ing ,  scour ing ,  deformable u n i t s ,  e t c .  
b. U l t r a s o n i c  c lean ing  
c. Eros ion  
d. Suspended s o l i d s  removal by 

2. Continuous Cleaning 

i. F i l t r a t i o n  (convent iona l ,  sand bed, o r  membrane) 
i i .  Cyclones 
I 1 1 .  Cent r i f uges  
i v .  S e t t l i n g  
v. F l o c c u l a t i o n  

... 

TABLE V I  I 

GEOTHERMAL FLUID CONTROL M E T H O D S  

\. Impact on Design Caused by Geothermal F l u i d  Thermodynamics and Transpor t  P r o p e r t i e s .  

I .  Develop s tandard ized arid re1 i a b l e  procedures f o r  geothermal sampl i ng  and chemical 
anal ys i s .  

3. Prevent ion  
a. Geothermal f l u i d  m o d i f i c a t i o n  

o r  c h e l a t i n g  
Sur face - f l u id  i n t e r a c t i o n s  (plastics,'precipitation, so l  fo rmat ion ,  and 
complex ing) ,  i n h i b i t i o n  of  s c a l e  attachment o r  growth by p r o p r i e t a r y  
chemica 1 s 

Pre and pos t  p r e c i p i t a t i o n  and f i l t r a t i o n  

i. Chemical ( f l o t a t i o n ,  c o p r e c i p i t a t i o n ,  s o l  fo rmat ion ,  complexing 

i i. 

i i i .  Homoqeneous n u c l e a t i o n  c o n t r o l  by c a t a l y s t s  
i v .  
v. D i l u t i o n  

b. E l e c t r o s t a t i c  and magnetic f i e l d s  
c .  Other methods 

i. Downhole pumping; 
i i. Operat ion a t  minimal e f f i c i e n c y  

. I  

4 .  Design M o d i f i c a t i o n  
a .  
b. 

Design m o d i f i c a t i o n s  t o  min imize  t u r b u l e n t  f low 
Design m o d i f i c a t i o n s  t o  min imize  the  e f f e c t s  o f  s c a l i n g  (e.g. d i r e c t  con tac t ,  o r  
f l u i d i z e d  bed heat  exchangers, he1 i c a l  Screw, Conver ters ,  etC.1 - 
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3 .  Design Modi f icat ion 
a. Rejection i n  off-gases through use o f  surface condensers 
b. 
c. Other 

The use o f  binary power cycles o r  other closed systems 

I *  I D. Environmental Problems (other ihan i n  C ) .  ,t . L /  

7 -  

1. Chemical Treatment 
a. 
b. 
c. Other chemical treatment 

a. D i s t i l l a t i o n  f o r  the production o f  clean water 
b. Safe disposal o f  t ox i c  scale and sludge 
c. F u l l  r e in jec t i on  o f  the residual b r ine  

Coprec ip i ta t ion o f  po l lu tan ts  w i t h  ' s i l i c a  o r  ocher addi t ives 
Removal o f  t ox i c  consti tuents through ion exchahge II 

2. Physical Methods 

TABLE V I  I (continued) 

GEOTHERMAL F L U I D  CONTROL METHODS 

C .  Gases, Volat i les ,  and Condensate Chemistry 

1. Physical Removal 
a. Rejection o f  i n i t i a l  f l ash  steam 
b. Native steam condensation followed by (a). 
c. 
d. Periodic blowdown o f  the condensate 

A i r  s t r i pp ing  o r  steam s t r i pp ing  the condensate 

2. Chemical Treatment 
a. Preplant treatment-by ox idat ion o r  other means 
b. Steam scrubbing (w i th  o r  without regeneration) 
c. Absorption from steam (wi th  o r  without regenerat ion) 
d. Rejection i n  off-gases through pH adjustment o f  c i r c u l a t i n g  condensate 

(especia l ly  f o r  H2S), by adsorption o f  S O 2 ,  C02, o r  ex te rna l l y  suppl ied 
chemical reagents 

e. Cata ly t i c  ox idat ion i n  the condensate (especial ly for  H 2 S )  
f. Ca ta l y t i c  ox idat ion o f  gas (especia l ly  f o r  H2S) 
g. Other chemical treatments including burning o f f  
h. Reabsorption i n  spent geothermal f l u i d  p r i o r  t o  re in jec t ion ,  w i t h  o r  

wi thout burning. . 
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Control Method 

1. Developstandardized and reliable procedures for 
geothermal fluid samplingand chemicalanalysis. 

TABLE V l l l  

CONTROL FEASIBILITY 

-~ 

Control Feasibility 

A 

A. IMPACT ON DESIGN CAUSED BY GEOTHERMAL FLUID THERMODYNAMICS AND 
TRANSPORT PROPERTIES 

2. Define compositional ranges of geothermal 
fluid classes. 

3. Define chemical thermodynamic properties of 
geothermal fluids to predict conditions which 
require system modification. 

4. Define rates of scaling, precipitation, gas 
partition, oxidation, etc., from geothermal 
fluid and derivative fluids under various 
geothermal system operating conditions to 
establish system design requirements. 

Specify the thermodynamic properties of geo- 
thermal fluids (e.g. density, enthalpy, heat 
capacity, etc.). 

Specify transport properties of geothermal fluids 
(e.g. film coefficients, thermal conductivity, 
viscosity, diffusion coefficients, etc.). 

5. 

6. 

A 

A 

A 

A 

A 
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TABLE V I  I I 

CONTROL FEASIB IL ITY  

6. SCALING AND SLUDGE FORMATION 

Severe Problem 
S a ' i n i t y  > ~ x ~ ~ " p p m ,  

Moderate Problem 
S a l i n i t y  < 2x104ppm, t > 90°C t > 90°C 

umps 
above 
ground) 

n j e c t i o n  
e l l s  and 
djacent 
)rmation! 

aCO, 
ormation 
3 l l e c t i o r  
ystem 

p t n  i n  
urb ine 

p tn  i n  
umps 
above 

ground) 

CONTROL METHDO and 
:aC03 
w m a t  ion 
n we l l  
ores 

C 
D 
C 
A 
C 
A 

i j e c t i o r  
e l l s  anc 
djacent 
ormatior 

iOn+CaCO 
s u l f i d e  

ormatior 
n heat er 
hangers 

C 
C 
C 
A 
C 
A 

i 02 +CaCC 
ormat ion 
n 2-ohast 
xpanders 

C 
C 
C 
A 
C 
A 

1 .  Per iod ic  Cleaning 
a. Physical removal (scraping, phys ica l  

b. Thermal shocking 
c. Ul t rasonic  c leaning 
d. Cav i ta t i on  techniques 
e. St r ippable coat ings 
f. D isso lu t i on  w i t h  chemical agents 

shocking) 

2. Continuous Cleaning 
, a. Physical removal (scraping, scouring, 

d6formable un i t s ,  etc.) 
'b. U l t rason ic  c leaning 

, c. Erosion 
d. Suspended s o l i d s  r e m v a l  by f i l t r a t i o r  
' 1 (conventional, sandbed, o r  membrane), 

cyclones, cent r i fuges,  s e t t l i n g ,  
1 f l o c c u l a t i o n  

. a. Geothermal f l u i d  modi f icat ion 
3. Prevention 

i. Chemical ( f l o t a t i o n ,  p r e c i p i t a t i o r  
so l  formation, cornplexing o r  
che la t i ng  

ii. Sur face - f l u id  in teract ions (plas- 
t i c s ,  p r e c i p i t a t i o n ,  sol formation 
complexing, i n h i b i t i o n  o f  sca le 
attachmentor growth by propr ie-  
t a r y  chemicals 

ca ta l  vs t s  

... 
I I ~.Homgeneous nuc leat ion con t ro l  by 

i v .  Pre and post p r e c i p i t a t i o n  
v. D i l u t i o n  

b. E l e c t r o s t a t i c  and magnetic f i e l d s  
c. Other methods 

i. Downhole pumping 
ii. Operation a t  minimal e f f i c i e n c y  

0 
D 
D 
C 
C 
A 

D 
C 
0 

A 

A 

C 

C 
A 
X 
D 

D 
A 

, 1  

* 
: ,  

. . -  

I_  . , 

ir ' .  

. .  
:' 

I 
W W 

A 

C 

C 
A 

. x  
D 

D 
A 

~ ~~ 

4. Design Mod i f i ca t i on  
a. Design mod i f i ca t i on  t o  minimize 

b. Design modi f icat ions t o  minize the 
tu rbu len t  f l ow  

e f f e c t s  of sca l i ng  (d i rec t  contact o r  
f l u i d i z e d  bed heat exchangers, he l i ca  
screw, converters, e tc . )  

WTE: A-Intermediate RED e f f o r t  requi red ( $ 5  years) 
B-Long range RGO e f f o r t  ( >  5 years) 
C-Uncertain tha t  technology can be developed. Innovation i s  required. 
0-Serious drawbacks because of  technology, cost, o r  i r re levance 
X-Technology ava i l ab le  



TABLE V I  I I (cont inued) 

CONTROL F E A S I B I L I T Y  

1 .  Phys ica l  Removal 
a. By r e j e c t i o n  o f  i n i t i a l  f l a s h  steam 
b. N a t i v e  steam condensation fo l lowed 

c.  A i r  s t r i p p i n g  o r  steam s t r i p p i n g  the  
by (a) 

condensate 
I d. P e r i o d i c  blowdown o f  condensate 

C. GASES, VOLATILES, AND CONDENSATE CHEMISTRY 

i 
CONTROL METHOD I 

2 .  Chemical Treatment 
a. Prep lan t  t reatment by o x i d a t i o n  o r  

b. Steam scrubbing ( w i t h  o r  w i t h o u t  

c.  Absorpt ion from steam ( w i t h  o r  w i t h -  

d. Re jec t ion  i n  o f f -gases through pH 

o t h e r  means 

regenerat  ion)  

o u t  regenerat  ion) 

adjustment o f  c i r c u l a t i n g  condensate 
( e s p e c i a l l y  f o r  H2S)  by adsorp t ion  of 
SO2, C O 2 ,  o r  e x t e r n a l l y  suppl ied 
chemical reagents 
C a t a l y t i c  o x i d a t i o n  i n  the condensate 
( e s p e c i a l l y  f o r  H 2 S )  

( e s p e c i a l l y  f o r  H 2 S )  

burn ing o f f  

f l u i d  p r i o r  t o  r e i n j e c t i o n ,  w i t h  o r  
w i t h o u t  burn ing 

3 .  Design M o d i f i c a t i o n  

e. 

f . C a t a l y t i c  o x i d a t i o n  o f  gas 

g. Other chemical t reatments i n c l u d i n g  

h. Reabsorpt ion i n  spent geothermal 

a. Re jec t ion  i n  o f f -gases through use of 

b. The use of  b i n a r y  power cyc les  o r  

c. Other 

s u r f  ace condensers 

o t h e r  c losed systems 

Ieservoi r 

D 

Recovery We1 1 /  
o l l e c t i o n  Systen 

A 

D 

X 

iystem Component 
;team Separators 

A 

A 

. .. .. .. . _ _  - . . .. . . . . . .. 

A 

NOTE: A-Intermediate RED e f f o r t  requ i red  ( <  5 years) - 
B-Long-range RGD e f f o r t  ( >  5 years) 
C-Uncertain t h a t  technology can be developed. Innovat ion i s  required 
D-Serious drawbacks because o f  technology, cos t ,  o r  i r r e l e v a n c e  
X-Technology a v a i l a b l e  

,. .J ector :  

A 

A 

..- . . 

A 

A 

A 

A 

:ondenser s 

Scrub be r s  
and 

A 
X 

A 

A 

A 

A 

A 

A 

' A  

zoo1 i nc 
Towers 

X 

A 

n j  e c t  i o n  
we1 Is 

A 
, -  - _. . 

A 

I 

0 
1 
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TABLE V I  I I (cont inued) 

CONTROL F E A S I B I L I T Y  

D. ENVIRONMENTAL PROBLEMS (other  than inc luded i n  Table C > .  

Con t r o  1 Met hod I Contro l  F e a s i b i l i t y  I I 
1 .  Chemical Treatment 

a. C o p r e c i p i t a t i o n  o f  p o l l u t a n t s  w i t h  s i l i c a  

o r  o t h e r  a d d i t i v e s  

b. Removal o f  t o x i c  c o n s t i t u e n t s  through ion  

exchange 

c. Other chemical t reatment 

A 

A 

A 

2. Physical  Methods 

a. D i s t i l l a t i o n  f o r  t he  p roduc t i on  o f  c lean 

water 

b. Safe d isposal  o f  t o x i c  sca le  and sludge 

c. F u l l  r e i n j e c t i o n  o f  t he  res idua l  b r i n e  

D 

A 

X 

R E D E f f o r t :  A-Intermediate R E, D e f f o r t  requ i red  ( - < 5 years) 
B-Long-range R E D e f f o r t  ( > 5 years) 
C-Uncertain t h a t  technology can be developed. 

Innovat ion i s  requi red.  
D--,Seriou.s drawbacks because o f  technology, 

cost ,  o r  i r re levance .  ' 

X-Technology, avai lLable.  
8 ,  



gases, v o l a t i l e  geothermal f l u i d  c o n s t i t u e n t s ,  and condensate chemistry;  

and environmental problems. 

C. P r o j e c t  I d e n t i f i c a t i o n  

1. Ca tegor i za t i on  o f  p r o j e c t s  

S p e c i f i c  p r o j e c t s  a re  i d e n t i f i e d  by review o f  a l l  A and B 

opment l e v e l s  from Table VIII. The p r o j e c t s  f a l l  i n t o  research'  and deve 

th ree  groups: 

(a 

i nc 

we 1 

udes 

-def 

Fundamental s t u d i e s  and problem d e f i n i t i o n  

This  group inc ludes s tud ies  r e l a t i n g  t o  the  de te r -  

m ina t i on  o f  parameters a f f e c t i n g  the  composit ion o f  geothermal f l u i d s  as 

w e l l  as measurement o f  t h e i r  thermodynamic and t r a n s p o r t  p r o p e r t i e s .  I t  

a l s o  inc ludes research i n t o  problems n o t  c l e a r l y  def ined a t  t h i s  time. 

(b) Contro l  methods 

This  group i s  t he  most important o f  t he  three.  I t  

a l l  research and engineer ing development p r o j e c t s  addressing 

ned problems. The goal of a l l  these p r o j e c t s  i s  t o  f i n d  s o l u t i o n s  

o r  means o f  c i rcumvent ing problems. 

(c )  Research and development i n  support o f  c o n t r o l  methods 

Research and engineer ing development p r o j e c t s  f r e -  

quen t l y  r e q u i r e  suppor t ing research and development. Th is  l a s t  group 

incorporates p r o j e c t s  which have as t h e i r  pr imary r o l e  the  support o f  

engineer ing p r o j e c t s  s p e c i f i e d  i n  group (b ) .  

A l l  p r o j e c t s  a r e  l i s t e d  i n  t a b u l a r  form i n  Table I X .  The t a b l e  i s  

subdiv ided according t o  problem areas as we1 as p r o j e c t  groups. The t a b l e  

a l s o  inc ludes i n v e s t i g a t o r s  and t h e i r  a f f i l i a t i o n s  where r e l a t e d  p r o j e c t s  

a re  funded i n  FY 1977 by government o r  p r i v a t e  i n s t i t u t i o n s .  More complete 

d e s c r i p t i o n s  o f  FY 1977 p r o j e c t s  can be found by reference t o  Table X. 
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- 

Comments 

TABLE I X  

PROJECT 'IDENTI FICATION 

FUNDAMENTAL STUDIES AND PROBLEM DEFINITION 

Invest  i qa t o r s  P r o j e c t  T i t l e  

ANALYTICAL METHODS FOR 
GEOTHERMAL FLUIDS 

Development o f  standardized 
procedures f o r  geothermal f l u i l  
sampl ing andrchernical analysi5 

Geothermal f l u i d  chemical analyses c u r r e n t l y  a v a i l a b l e  
a re  of ten sampled and analyzed by a v a r i e t y  o f  tech- 
niques making intercomparisons d i f f i c u l t .  

CHEE I CAL COElPOS I T  I ON OF 
GEOTHERMAL FLUIDS 

B, w ,  Shannon, BPNL (2) 

Compositional range o f  
geo t he rma 1 f 1 u i d s 
Charac ter iza t ion  o f  gases and 

o t h e r  v o l a t - i l e  geothermal 
f l u i d  cons t i tuents  

Br ine  composition as a f u n c t i o n  o f  temperature and 

+ r <  
" .  . 

... ~ . 

Charac ter iza t ion  o f  t o x i c  
geothermal f l u i d  cons t i tuents  

J. A. Apps, LBL 

t. 1 . 
CHEM I CAL THERMODYNAM I C 
PROPERTIES OF SCALE AND SLUDGE 
Thermodynamic proper t ies  o f  
amorphous s i l i c a t e s  

CHEMICAL THERMODYNAMIC PROPER- 
T I  ES OF GEOTHERHAL' FLU I D S  

Factors c o n t r o l  1 i n g  geothermal 
f l u i d  Composition 

s a l i n i t y  need t o  be more c l e a r l y  def ined 
Determination o f  i d e n t i t y  and concentrat ion o f  var ious 
chemi,cally and/or env i ronmenta l ly  important v o l a t i l e  
(HzS, "3, Con, Rn, HF) and p o t e n t i a l l y  v o l a t i l e  (HCl, 
S O j ,  H 3 B 0 3 ,  Hg, As) c o n s t i t u e n t s  of geothermal f l u i d s  
and na t ive  steam from var ious sources, i n c l u d i n g  vapor- 
domina,ted r e s e r v o i r s ,  h i g h  and low s a l i n i t y  l i q u i d -  
dominated rese'rvoirs,  ho t  d r y  rock leaching f l u i d s ,  and 
magma ;leaching f l u i d s .  Should inc lude determinat ion o f  
chemical sDecies where re levant .  

D. E. White, USGS 
J .  A. Apps, LBL 
D. E. White, USGS 

I 

I d e n t i f i c a t i o n  and q u a n t i t a t i v e  determinat ion o f  poten-1 S. R. Cosner LBL ( i n  p a r t )  
t i a l l y  environmental ly harmful geothermal f l u i d  and hot  
rock leach water cons t i tuents ;  determinat ion o f  t h e i r  
chemical forms. The p o t e n t i a l  t o x i c  p o l l u t a n t s  i n  low 
temperature, low s a l i n i t y  f l u i d s  which might be devel-  
oped as water resources should be addressed s p e c i f i c a l -  
l y -  

i 
I 

'40 in format ion i s  c u r r e n t l y  a v a i l a b l e .  
1 

A basic  understanding o f  geothermal f l u i d  chemistry and 
compositional c o n t r o l s  is  requi red t o  i d e n t i f y p o t e n t i a '  
problems w i t h  s p e c i f i c  br ines.  An understanding o f  the 
thermodynamic r e l a t i o n  o f  rock forming minera ls  w i t h  
the coex is t ing  f l u i d  i s  a l s o  requi red.  

J. A. Apps, LBL 
F. A. Cafasso, ANL 
L. B la tz ,  LASL 
C.C.  Her r ick ,  LASL 
C. Hol ley,  LASL 
J. Balagna, e t  a l . ,  LASL 
R.  0. Fourn ier ,  USGS 
R. A .  Robie, USGS 
A. H. Truesde l l ,  USGS 



T A B L E  I X (continued) 

Project Title Comments 

PROJECT IDENTIFICATION 

I nves t i ga tors 
FUNDAMENTAL STUD I ES AND PROBLEM DEF I N IT I ON (cont i nued) 

Prediction of volatile con- 
stituents in geothermal 
fluids 

Gas partition between brines 
and steam 

Geochemical and thermodynamic interpretation and predic-- J. L. Haas, USGS 
tion of volatiles and potential volatiles in various 
geothermal fluids. This work will be particularly 
important in regard to hot dry rock and magma techno- 
logies, as relevant experiments may be difficult to 
perform in these cases 

Experimental determination and physio-chemical inter- 
pretation of partition ratios of volatiles and potential 
volatiles in flash steam systems, upstream condenser- 
reboiler and scrubber systems, and in postcondensercon- 
densate scrubbers. Shou*ld also include consideration of 
gas reabsorption in residual geothermal fluids as a 
means of off-gas treatment. 

CHEM I CAL THERMODYNAMIC PROPERT I ES OF GEOTHERMAL FLU I DS (Continued) 

~~ ~ 

Condensate chemistry of minor 
volatiles 

Prediction of potentially harm- 
ful geothermal fluid consti- 
tuents 

Geothermal fluid scale parti- 
tion of trace pollutants 

~ 

Field and laboratory studies and interpretation of the 
chemistry of the major potential volatiles of  environ- 
mental interest (Hg, A s ,  H3B03) under geothermal plant 
conditions 

Geochemical and thermodynamic interpretation and pre- 
diction of potentially environmentally harmful geother- 
mal fluid and hot rock leach water constituents. This 
kind of theoretical examination will be particularly 
useful in the cases of hot dry rock and magma schemes, 
as suitable experiments will be difficult to perform. 

This study involves the characterization of probable 
toxic constituents of geothermal plant scale and the 
partition of these substances between the geothermal 
fluid and scale. Coprecipitation kinetics should be 
studied also. 

G. E. Tardiff, LLL (in part) 

I 
e 
& 
I 
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P r o j e c t  T i t l e  C omme n t s 

TABLE I X (con t inued)  

Inves t  i ga to rs  

PR3JECT I D E N T I F I C A T ! O N  

S c a l i n g  mechanisms-basic 
thermodynamics and k i n e t i c s  

Scal i n g  r a t e s  and c h a r a c t e r i s -  
t i c s  i n  p l a n t  components 

Impact o f  i n j e c t e d  geothermal 
f l u i d s  on f o r m a t i o n  
permeab i 1 i t y  - 

( A  

I n j ec ted  geotherma 1 f 1 u i d- 
rock  i n t e r a c t  ions 

Carbon d i o x i d e  d e s o r p t i o n  and 
a b s o r p t i o n  k i n e t i c s  

R e l a t i v e  importance o f  d i f f e r e n t  s c a l i n g  mechanisms 
needs t o  be de f ined,  p a r t i c u l a r l y  w i t h  respec t  t o  p re-  
c i p i t a t i o n ,  d i s s o l u t i o n ,  p o l y m e r i z a t i o n  and f l o c c u l a -  
t i o n  o f  s i l i c a t e s ,  carbonates,  and s u l f i d e s .  

Sca l i ng  c h a r a c t e r i s t i c s  i n  geothermal p l a n t  components 
must’be’deterrnined and r e c o n c i l e d  w i t h  s c a l i n g  mecha- 
nisms. 

- .  
A p o t e n t i a l l y  impor tan t  area which has n o t  been c l e a r l y  
de f ined.  P r o j e c t  shou ld  i n c l u d e  the  e f f e c t  o f  geother -  
mal f l u i d  reheat ing ,  m i x i n g  o f  t h e  i n j e c t e d  b r i n e  w i t h  
t h e  fo rma t ion  f l u i d ,  and chemical i n t e r a c t i o n s  between 
the  fo rma t ion  rocks and the  i n j e c t e d  b r i n e .  

There i s  a d i s t i n c t  p o s s i b i l i t y  t h a t  spent  geothermal 
f l u i d s  which have been a l t e r e d  chemica l l y  i n  go ing  
through a power p l a n t  w i l l  chemica l l y  a t t a c k  o r  p a r t i a l  
l y  d i s s o l v e  the r e s e r v o i r  rock  i n t o  which they  a r e  i n -  
j ec ted .  A decrease i n  p e r m e a b i l i t y  or mechanical 
s t rength .  of the r e s e r v o i r  m a t r i x  cou ld  render  f u r t h e r  
i n j e c t i o n  imposs ib le  o r  inc rease t h e  subsidence r i s k ,  
r e s p e c t i v e l y .  The p o s s i b i l i t y  o f  such phenomena should 
be examined both e x p e r i m e n t a l l y  and t h e o r e t i c a l l y .  

F i e l d  and l a b o r a t o r y  s t u d i e s  o f  t he  k i n e t i c s  o f  C O T  de- 
s o r p t i o n  and abso rp t i on  under geothermal p l a n t  c y c l e  
cond i t i ons .  There appear t o  be no k i n e t i c  da ta  a t  a l l  
about these reac t i ons  a t  h i g h  temperature, and ve ry  
l i t t l e  i s  known about  p o s s i b l e  c a t a l y t i c  e f f e c t s  a t  any 
temperature. Th is  r e a c t i o n  i s  an impor tan t  one i n  geo- 
thermal p r a c t i c e ,  as C O 2  has the  dominant r o l e  i n  d e t e r  
n i n i n g  geothermal f l u i d  and condensate pH and thereby  
t h e  p a r t i t i o n  of H2S and the  r a t e  o f  p r e c i p i t a t i o n  o f  
s i  1 i ca .  

0. Weres, LBL 
E. G .  Bohlmann, ORNL I 

P. W. Shannon, BPNL 

E. G. Bohlmann, ORNL 
R. Feber, LASL 
J .  Samaniego, Ben H o l t  Co. 
T. Spr inger ,  Rockwell  I n t e r n a t .  
G. E.  T a r d i f f ,  LLL 
J. S. Wi lson,  Dow Chemical USA 

I 
& 
VI 
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TABLE I X (continued) 

No. 

6 .  
- 

L 

7 .  

PRGJECT IDENTIFICATION 

Project Title I Comments 1 I nves t i ga tors 

THERMODYNAMIC PROPERTIES OF GEOTHERMAL FLUIDS 

Thermodynamic properties of Information needed for general power plant design and C. F. Ball, ORNL 
R. E. Mesmer, ORNL 

geothermal fluids prediction of geothermal fluid behavior R. H. Buse ORNL 
S .  L. PhilYfps LBL 
K. S .  Pitzer, LBL 
R. W .  Potter, USGS 

TRANSPORT PROPERTIES OF GEOTHERMAL FLUIDS 

Geothermal fluid transport 
p rope rt i es preddction of geothermal fluid behavior 

Information needed for .general power plant design and 

Project Ti t 1 e 

B. CONTROL METHODS 

Investigators Comments 

Cavitation cleaning in well 
bores, heat exchangers, etc. fic applications. 

Technology needs to be evaluated with respect to speci- 

I I t 

- A. A. Hochrein, Jr., 
I Daedalean Associates, Inc. 

Periodic cleaning with 
chemical agents. 

'More effective cleaning techniques for given scales 
need to be identified. This effort should be site 

Geothermal fluid modification 
to prevent scaling in well 
bores, expanders, heat ex- LLL efforts could support this problem. NOTE.: A basic 
changers, and pumps. research effort is needed to  clarify mechanisms to sup- 

Effort should be concentrated on solving problems with 
geothermal fluids in the field. EPRI  mobile lab and 

port Val id solutions 

Pre and post-filtration and rechniques may lead to secondary problems resulting 
precipitation of scale formers from additives. 

slow to go to completion and thereby result in problems 
I .  for which the technique was proposed to avoid. Project 

could be combined with above. 

Precipitation, once initiated, may be 

Downhole pumping to inhibit Technique needs to be demonstrated in the field to 
flashing and carbonate scale prove out the concept. 
formation. 

I '  I 
I I t 

G. E. Tardiff, LLL 

W. D. McBee, Sperry Res Ctr. 
L. Ross, ti. Denver Res. Ins. 

(in part) 
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do. P r o j e c t  T i t l e  

TABLE I X (cont inued) 

Comments I n v e s t i g a t o r s  

PROJECT lDENTlF lCATlON 

1 . SCAL I NG AND SLUDGE FORMAT I ON (continued) 

Some operat ions might  f u n c t i o n  a t  less  than optimum, 
but  be f r e e  o f  s c a l i n g  problems. S i t e - s p e c i f i c  s tud ies  
need t o  be implemented t o  e s t a b l i s h  f e a s i b i l i t y .  

Modi f icat ions should be based upon a sound understand- 
ing of the i n t e r a c t i o n  between t h e  hydrodynamics and 
p r e c i p i t a t i o n  o f  scale.  

Pro jects  depend upon the  t e s t i n g  o f  s p e c i f i c  engineer- 
ing concepts. 

Operat ion a t  minimal e f f i c i e n c y  1 
H. R. Jacobs, Univ. Utah 
R. A. McKay, NASA-JPL ( i n  p a r t )  
W. Sura t t ,  DSS Engineers 
E. Wahl, Occidental  Res. Corp. 

Design m o d i f i c a t i o n s  t o  min i -  
mize t u r b u l e n t  f-l'ow in -  we l ls ,  
c o l l e c t i o n  system, 2-phase ex- 

~ ~~ 

Des i gn modi f i c a t  ions to' mini,- 
mize s c a l i n g  i n  heat exchangers 
he1 i c a l  screw expanders, e tc .  

. I  

I 
~ ~ ~ ~ ~~ 

Techniques a l ready e x i s t  f o r  such methods o f  sca le  r e -  
moval. However, there  i s  some quest ion whether they 
wou-ld be economic o r  f e a s i b l e  i n  a l l  cases. Innovat ive 
new procedures should be developed. However;, they 
would probably be b o t h  s i t e  and p l a n t  s p e c i f i c .  
mal shocking o f  w e l l s  i s  no t  considered advisable.  

Modest t e s t  program suggested t o  e s t a b l i s h  f e a s i b i l i t y .  

Ther- 

.- 
A .modest exp lo ra to ry  program might be i n i t i a t e d  t o  i n -  
vest igate t h e  f e a s i b i l i t y  o f  such an approach. 

Phys ica l  removal o f  sca le  
through scraping and phys ica l  ' 
or therma'l shocking 2 r - 3  

1 '  I C  

_c- _*  -- ~ . 

power c y c l e  com+pen,ts . -  except 
i n j e c t i o n , w e l l s  a ,, 
The use o f  -<t?ippa"b'le i o a t i n g s  
on s t a t  i c *+ s u r'face'i: 

' + : 

Continuous c lean ing  byscrap ing ,  
scour ing,  o r  deformable u n i t s  

4, 

- , .  - * - .  

B .  Breindel ,  Aero je t  

I 

Possible a p p l i c a t i o n s  might be i n  heat exchangers, o r  
i n  he1 i ca l  screw expanders. Exp lo ra to ry  program should 
be i n i t i a t e d  t o  e s t a b l i s h  f e a s i b i l i t y  and p r a c t i c a l i t y .  

Continuous removal o f  s u i -  
pended s o l i d s  by f i l t r a t i o n ,  
cyclones, cen t r i fuges ,  o r  
s e t t  1 ing tanks 

B. C .  Musgrave, INEL 

Surface m o d i f i c a t i o n  t o  prevent 
scal  i ng  i n  we1 1 bores, expan- 
ders,  heat exchangers,and pumps 

E f f o r t s  t o  date have no t  been very successful. Risk i s  
9 igh therefore e i f o r t  should be exp lo ra to ry .  Work 
should be done i n  the f i e l d .  Basic suppor t ing R & D 
e f f o r t  i s  needed. 

I n t e r e s t  expressed by P f i z e r  

I 
L- 
U 
I 



TABLE - I X -  (continued) 

The p o s s i b i l i t y  o f  sca l ing  contro l  by th is  e f f o r t  needs 
t o  be defined. LLL has had success i n  con t ro l l i ng  
s i l i c a  nucleation through scale cont ro l .  

PROJECT I D E N T I F I C A T I O N *  

B. CONTROL METHODS 

G. E. Ta rd i f f ,  LLL 

Pro ject  T i t l e  I Comments I Invest igators  
SCALING AND SLUDGE FORMATION (continued) 

Technique has been used successful ly a t  Lardarel l o ,  but  
tends t o  be i n e f f i c i e n t .  Limited f i e l d  tes t i ng  o f  new 
concepts might be i n i t i a t e d  where reservoirs’ have h igh  
v o l a t i l e  o r  noncondensable gas content. 

Testing and evaluation o f  concepts should be car r ied  
out  a t  s i t e s  where v o l a t i l e  absorption i n  the conden- 
sate proves t o  be troublesome. 

F ie ld  tes t i ng  o f  su i tab le  methods should be ca r r i ed  
out a t  s i t e s  where t h i s  appears t o  be a problem. 

F ie ld  tes t i ng  where the gas emissions might be a 
prob 1 em. 

The technique has proved troublesome a t  The Geysers. 
An improved method o f  deal ing w i t h  the problem should 
be worked out. 

~~ 

Nucleat ion cont ro l  i n  geother- 
mal p lan ts  

W. H. Harvey, E I C  Corp. 
P. C. Walkup, BPNL 
J .  S .  Wilson, Dow Chemical USA 

Various tes ts  performed by 
PGEE a t  The Geysers w i t h  
mixed success 

. -  

GASES, VOLATILES, AND COt.SENSATE CHEMISTRY 

Removal o f  noncondensable gases 
by re jec t i on  o f  the i n i t i a l  
f lashed steam a t  the tes t i ng  
we l l ,  c o l l e c t i o n  system, o r  i n  
the steam separators. 

Steam condensation and re- 
evaporation w i t h  re jec t i on  
o f  noncondensables. 

A i r  o r  steam s t r i pp ing  o f  the 
condensate t o  remove v o l a t i  les  

Preplant removal o f  v o l a t i l e  
and noncondensable gases (esp.  
HzS) by chemical treatment: 
execution o f  scrubbing, absorp- 
t ion ,  ox ida t ion  techniques 

Removal o f  H 2 S  by c a t a l y t i c  
ox ida t ion  i n  the condensate, or 
i n  the noncondensible gaszs 

Removal o f  HzS by burning o f f  
w i t h  the noncondensable 53ses 

F ie ld  studies using prototype designs should be tested. I 



T A B !  E I x (cont inued)  

- _._. - -- __ 
P r o j e c t  T i t l e  Cornmen t s -- I nves r  i ga to rs  

GASES, VOLATILES, AND CONDENSATE CHEMISTRY (cont inued)  

Reabsorpt ion o f  COz, HzS, and F i e l d  t e s t i n g  should be done where t h i s  approach 
o t h e r  v o l a t i l e s  i n  the  cooled appears both p o s s i b l e  and economic. 
geothermal f l u i d ,  p r i o r  t o  
r e i n j e c t i o n ,  w i t h  o r  w i thou t  
burn  i ng . .  

R e j e c t i o n  o f  v o l a t i l e s  i n  o f f -  As above. 
'gases th rough use o f  sur face  
condensers in-flashsteam plants 

Use of bu rn ing  cyc les  wher.e As .above. 
h i g h  v o l a t i l e  o r  nonconden- 
sab le  gas condensates might  
p rec lude operation,. , 

ENV I RONMENTAL PROBLEMS _(other  than inc luded i n  6-2) . 

P R O J E C T  I D E N T I F I C A T I O N  

B. CONTROL ,METHODS (cont inued)  

__ - . -  
C o p r e c i p i t a t i o n  o f  t o x i c  meta ls  
and o t h e r  p o l  l u t a n t s  w i t h  . 
s i  1 i c a  th rough t h e  use o f .  1 irne. 

Removal o f  t o x i c  meta ls  and 
o t h e r  p o l l u t a n t s  by ion  ex- I changer; a d s o r b t i o n .  

Safe d i sposa l  of-1-toxic sca les _I 

and s ludge . - i ~ *  . 1 . 

Technique has been used a t  Wairakei, N. Z .  Such an 
approach- would o n l y  be s u i t a b l e  i f  t h e  t r e a t e d  geo- 
thermal f l u i d s  were o f  low s a l i n i t y  and su r face  d i s -  
charge was contemplated. 

!Technique$ would be s u i  t a b l e  o n l y  where low s a l  i n i t y  
geothermal f l u i d s  were t o  be d ischarged i n t o  r i v e r  
systems. 

S a t i s f a c t o r y  d i sposa l  techniques would p robab lv  be s i t e  
$sp.ecif ic. I n i t i a t i o n  o f  t h i s  p r o j e c t  would r e q u i r e  
i d e n t i f i c a t i o n  o f  t h e  s i t e  o r  s i t e s  t o  be chosen f o r  
deve 1 opmen t . 

,; .. .. 



TABLE I X  (.continued) 

PROJECT I D E N T I F I C A T I O N  

I 

P r o j e c t  T i t l e  I Comments I I n v e s t i g a t o r s  I 

I 

SCALING AND SLUDGE FORMATION . 

C h a r a c t e r i z a t i o n  o f  s c a l e  i n  
g eo t he rma 1 p 1 an t s ( f a  b r i c , 
s t r u c t u r e ,  chemical composi t ion 
m i  ne r a  1 ogy ) _ .  

P r e c i p i t a t i o n  mechanisms 
I .  . .  
. . .. 

-~ - - -  

K i n e t i c s  o f  s i  1 i c a  carbonate 
and s u l f i d e  p r e c i p i t a t i o n  i n  
t h e  presence o f  added reagents 
t o  induce p r e c i p i t a t i o n  

The e f f e c t  o f  t u r b u l e n t  f l o w  
on p r e c i p i t a t i o n  k i n e t i c s  

Phys i ca l  and chemical proper-  
t i e s  o f  suspended s o l i d s  

Sur face m o d i f i c a t i o n  t o  p re -  
vent  s c a l e  attachment 

~ 

N u c l e a t i o n  phenomena 

I n t e g r a l  p l a n t  chemist ry  

Special  a t t e n t i o n  should be p a i d  t o  carbonates, 
s i l i c a t e s ,  and s u l f i d e s .  

9 research e f f o r t  i s  needed t o  c l a r i f y  mechanisms of; 
p r e c i p i t a t i o n  so as t o  p r o v i d e  t e c h n i c a l  guidance t o  
f i e l d  programs i n  geothermal f l u i d  m o d i f i c a t i o n  t o  
prevent  s c a l i n g .  

~ 

This pEoject  cou ld  support  B1 (4) .  

This i s  an impor tant  area o f  research r e q u i r e d t o u n d e r -  
stand what causes l o c a l i z e d  p r e c i p i t a t i o n  o f  sca le,  
and how t o  prevent  it. 

The o r i g i n ,  r a t e s  o f  format ion,  s i z e  d i s t r i b u t i o n ,  and 
phys i ca l  and chemical p r o p e r t i e s  o f  suspended s o l i d s  
needs t o  be undertaken i n  o r d e r  t o  design f o r  t h e i r  
removal. 

E x p l o r a t o r y  program i n  fundamental mechanisms o f  s c a l e  
attachment i s  needed t o  p rov ide  guidance to  development 
programs i n  su r face  m o d i f i c a t i o n  t o  prevent sca le  
at tachment.  
~~~~ ~ ~ ~ ~ ~ ~ ~~ 

The f e a s i b i l i t y  o f  c o n t r o l l i n g  nuc lea t i on  should be 
estab1,ished through an understanding o f  how i t  i s  
caused and whether i t  can be c o n t r o l l e d .  

Exper imental  de te rm ina t ion  and phys io-chemi c a l  i n t e r -  
p r e t a t i o n  o f  chemical mass-balances i n  o p e r a t i n g  geo- 
thermal p l a n t s .  E f fec ts  o f  added c a t a l y s t s  should a l s o  
be i n v e s t i g a t e d .  

~~~~ ~ 

J. A. Apps, LBL 
0. Weres, LBL 

G. E. T a r d i f f  
L. Owen, LLL 

J. A. Apps, LBL 
0. Weres, LBL 

, 



T A B L E  I X  (cont 
b 

PRQJ E C T  i DENT I F 

Project Title 
C. CONTROL METHODS SUPPORT I NG RESEARCH AND DEVELOPMENT (cont i nued) 

Commen ts Invest i ga tors 

nued) 

CAT i ON 

SASES, VOLATILES, AND CONDENSATE CHEMISTRY 

Sulfur compound chemistry 

ENVIRONMENTAL PROBLEMS 

Geothermal fluid chemistry 

Field and laboratory studies of aqueous sulfur com- 
pound chemistry under operating geothermal plant condi- 
tions. Influence of various catalysts, both accidental 
and added, should also be determined. The importance 
of this problem is illustrated by the fact that The 
Geysers condensate i s  presently known to contain H2S, 
So, S02, SO:, S203, and polysulfides. The distributior 
of sulfur chemical species ultimately determines the 
efficacy of liquid phase H2S oxidation schemes. 
Effects on flocculants and antiflocculants on elemental 
sulfur precipitation and sedimentation should also be 
cons i dered . 

Study of possible chemical methods of precipitating or 
otherwise removing potentially environmentally harmful 
trace constituents from residual geothermal fluids prior 
to release into environment. This will be particularly 
important if low salinity fluids are to be considered 
a water resource. 

I 

E 
I 
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2. FY, 1977 p r o j e c t s  

E f f o r t s  a r e  a l ready  under way t o  t a c k l e  some o f  t h e  problems 

i d e n t i f i e d  i n  t h i s  repo r t .  P rb jec ts  i n  progress du r ing  FY 1977 a r e  l i s t e d  

i n  Table X together  w i t h  the  p r  

and the  sponsor ing i n S t i t u t i o n s  

Geothermal Energy, Basic  Energy 

n c i p a l  i nves t  

The l a t t e r  

Sciences, and 

ga tors ,  the i . r  a f f i l i a t i o n s ,  

nc lude the  DOE d i v i s i o n s  of 

Biomedical and Environmental 

Research; t h e  Uni,ted States Geological  Survey; t h e  Un i ted  States Bureau o f  

Mines; and t h e  E l e c t r i c  Power Research I n s t i t u t e ,  Palo A l t o ,  C a l i f o r n i a .  

. .  



/ .I 

No. 

c 

Person i n  Charge o r  Performing Sponsor I 
P r i n c i p a l  lnves t i gator  Organ iza t ion  

I 

2. 

3 .  

4 .  

5. 

1.  S i l i c a  P r e c i p i t a t i o n  and Br ine  Management I I  a. B r ine  composi t ion 

B r ine  Chemistry and Corrosion/Erosion Studies f o r  Support o f  A. L. Aus t i n  LLL E R DA- DG E 
To ta l  Flow Turb ine Developments 

Thermochemistry o f  'Geothe'rmal Related Mater ia ls  F. A. Cafasso AN L ERDA-DPR . -  
Solut ions-Minera ls  . I  Equ i l i b r i um C .  L. C h r i s t  USGS, Menlo Park uscis 

Modeling o f  Geothermal Systems R. B. D u f f i e l d  LASL ERDA-DPR 
a. Model Geothermal 'System<' L.  B l a t z  e t  a l .  LASL ERDA- DPR 
b. S t a t i c  High Temperature-, High Pressure Experiments L. B la tz ,  C. Ho l ley  LASL E RDA- DP R 
c. Thermodynamic Mode l ing 'o f  Geochemica'l Systems C .  C .  H e r r i c k  LAS L ERDA- DPR 

J. A. Apps 
S. R. Cosner 

6 .  

7. 

8. 

9. 

10. 

1 1 .  

1 2. 

13. 

I 

I I ERDA-DGE I LBL 

Observat ional  and A n a l y t i c a l  Pet ro logy  and Geochemistry R. B. D u f f i e l d  LAS L E RDA- DP R I 

a. Rock-Solution E q u i l i b r i a  in - 'Ag i ta ted  Systems 
b. S ing le  Minera l  A l te ra t i ' on  i n  a S t a t i c  System J. Balagna e t  a l .  LASL ERDA-DPR I 

Rock- Water I n t e r a c t  ions- R.  0. Fourn ier  USGS, Menlo Park USGS 

Computer Model i ng  o f  Rock-Water, I n t e r a c t i o n s  J .  L. Haas USGS, Reston USGS 

Phys ica l  Chemistry o f  Geothermal So lu t ions  R .  E. Mesmer ORNL E RDA- D P R 
a. I o n i z a t i o n  o f  water i n  NaCl s o l u t i o n  t o  300°C R. E. Mesmer, R. H. Busey ORNL ERDA- DPR 
b. I o n i z a t i o n  and po lymer iza t ion  o f  s i l i c a  ac id  R. E. Mesmer, R. H. Busey ORNL ERDA- DPR 
c. A c t i v i t y  coe f f i c i en ts  i.n geothermal so lu t i ons  C .  F. Baes e t  a l .  ORNL E R DA- D PR 

A Study o f  B r ine  Treatment S .  L. P h i l l i p s  LBL EPR I 

Volumetr ic  P roper t i es  o f  Br ines R.  W. P o t t e r  USGS, Menlo Park USGS 

Thermodynam i c Tab 1 es R.  A. Robie USGS, Reston USGS 

Development o f  probes f o r  downhole and i n - l i n e  chemical ana lys i s  
o f  h igh  pressure, h igh  temperature geothermal f l u i d s  D. W. Shannon BPNL ERDA-DGE 

J. Balagna e t  a l .  LASL ERDA-DPR vl 
W 

L .  
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Person i n  Charge, o r  
No. P r  i ncipa 1 I nves t i ga to r  

TABLE X (cont inued)  

RESEARCH PROGRAMS RELATED TO GtuTHERMAL FLbID CONTFcL: FY 1977 PROJECTS 

Spoossr Performing 
Organ iza t ion  

A. BRINE CHEMISTRY (continued) 

14. 

15. 

16. 

17. 

Develop standard methods and manual f o r  sampling and ana lys i s  f o r  
geothermal f l u i d s  and gases D. W. Shannon BPNL ERDA-DGE 

Geochemical I n d i c a t o r s  

Thermal waters  I 

Geosciences r e l a t i n g  t o  geothermal energy P. A. W i  therspoon LBL ERDA-DPR 
E RDA- DPR a. Thermodynamics o f  h i g h  temperature b r ines  K. S .  P i t z e r  LBL 

b. Geochemistry and mass t r a n s f e r  i n  geothermal systems J .  A. Apps LBL E RDA- DP R 

A. H. Truesdel l  USGS, Menlo Park USGS 

D. E. White USGS, Menlo Park USGS 

B. SCALING AND SLUDGE FORMATION 

S i l i c a  P r e c i p i t a t i o n  and Br ine  Management 
3 .  S i l i c a  and Mass Transpor t  

P r e c i p i t a t i o n  and s c a l i n g  i n  dynamic geothermal systems 
4PEX: An advanced geothermal pr imary heat exchanger 

2omputer modeling o f  geothermal energy e x t r a c t i o n  systems 

Study o f  s i l i c a  s c a l i n g  from geothermal b r i nes  
Research and development o f  c a v i t a t i o n  desca l ing  techniques 
f o r - h e a t  exchanger tubes used. i n  geothermal energy p l a n t s  
F e a s i b i l i t y  s tudy o f  t h e  a p p l i c a t i o n  o f  d i r e c t  con tac t  heat 
exchangers t o  power cyc les  u t i l i z i n g  geothermal b r i nes  
F e a s i b i l i t y  demonstrat ion o f  geothermal downwell pumping 
system 
Experimental i n v e s t i g a t i o n  of  a h e l i c a l  r o t a r y  screw 
expander power system us ing  geothermal b r i n e  
Second genera t ion  heat exchanger development 
Two-phase f l o w  i n  geothermal energy systems 

Person i n  Charge, or 
P r i n c i p a l  I n v e s t i g a t o r  

J .  A. Apps 
0. Weres 

E. G. Bohlmann 
B. Bre indel  

R. Feber 

W. H. Harvey 

A. A. Hochrein, Jr. 

H. R. Jacobs 

W. D. McBee 

R. A. McKay 
B. C. Musgrave 
L. Ross 

Performing 
Organ i za t i on 

LBL 
LBL 

ORNL 
Aero je  t L i qu i d  

Rocket Company 

LASL 

E I C  Corp. 

.Daedalean Assoc. : 

Univ. o f  Utah 
SDerrv Research 
Center 

NASA- J P L 
I NEL 
Univ. Denver 

Research I n s t .  

Sponsor 

ERDA- DGE 
ERDA-DGE 

ERDA-DGE 

ERDA-DGE 

ERDA-DGE 

ERDA- DG E 

ERDA- DGE 

ERDA- DG E 

ERDA-DG E 

ERDA-DGE 
ERDA-DGE 

ERDA-DGE 

I 
ul 
& 
I 
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Person i n  Charge, o r  
P r i n c i p a l  I nves t i ga to r  No. 

T A B  E X (cont inued)  

Performing 
Organ i za t ion  Sponsor 

Ben Hol t Company 

BPNL 

Ben H o l t  Company 

5. E P R l  

- E P R l  

ERDA-DGE 

2000-hour heat  exchanger t e s t  
I n v e s t i g a t e  b r i n e  chemist ry  and combined heat/mass t rans fe r ,  
s c a l i n g  k i n e t i c s  and develop models t o  p r e d i c t  geothermal 
p l a n t  degradat ion 
Research on d i r e c t  con tac t  b ina ry  process fo r  geothermal 
ho t  water 

No. 

1. 

2. 

3 .  

Jose Saman i ego 

D. W. Shannon 

A. Sims 

7 

S pon, s o r 

Contro l  o f  hydrogen s u l f i d e  .emission*from geothermal power p lan ts  W. H. Harvey E I C  Corp. ERDA-DGE 

I n v e s t i g a t i o n  o f  hydrogen s u l f i d e .  removal from s imulated geo- 
Dow Chemical USA ERDA-DGE thermal b r i n e s  by reac t i ons  w i t h  oxygen J .  S .  Wilson 

Removal o f  hydrogen s u l f i d e  from 'geothermal steam P. C .  Walkup BPNL ERDA-DGE 

Person i n  Charge, o r  Performing 
P r  i nc i  pa 1 I nves t i ga to r  Organ iza t ion  

I 

D .  ENV I RONMENTAL PROBLEMS 

I 1. I Imper ia l  Val l e y  Environmental P ro jec t  I P .  L. Phelps I LLL 1 ERDA-DBER 1 
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V.  . PROGRAM IMPLEMENTATION 

The purpose,of  t h i s  r e p o r t  i s  t h e  d e f i n i t i o n ,  r a t h e r  than the  imple- 

mentat ion,  o f  a program addressed t o  engineer ing development and research 

problems r e l a t i n g  t o  the  use o f  geothermal f l u i d s .  However, a b r i e f  com- 

i n  which t h i s  r e p o r t  can be used t o  ment i s  needed t o  c l a r i f y  the way 

implement a program. 

The steps l ead ing  t o  the  imp 

t h i s  r e p o r t ,  would be: 

emen t a  t on o f  the program, s t a r t i n g  from 

A. Development of a Program Plan 

1.  

2. Assignment o f  p r i o r i t i e s  t o  va r ious  p r o j e c t s ;  

3 .  Estimates o f  app rop r ia te  manpower, t im ing ,  and cos ts ;  

4. Development o f  va r ious  program p l a n  opt ions.  

Review o f  t h e  contents  o f  t h e  r e p o r t  by a team o f  exper ts ;  

B. Program Implementation 

1 .  S o l i c i t a t i o n s  o f  q u a l i f i c a t i o n  statements from i n t e r e s t e d  

p a r t i e s  f o r  the va r ious  p r o j e c t  categor ies;  

2. Release o f  R,F.P.s; 

3 .  Review o f  so l  i c i t e d  p r o j e c t  proposals and i n c o r p o r a t i o n  of  

approved p r o j e c t s  i n  a program plan;  

ementat-ion o f  t h e  program. 4. imp 

'Other s t r a t e g i e s  m 

o u t l i n e  i s  t h e  one 

ght  be adopted t o  Implement the  program. However, t h i s  

env is ioned d u r i n g  the p repara t i on  o f  t h i s  repo r t .  
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