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ABSTRACT 

T h i s  volume p r e s e n t s  the  b e n e f i t l c o s t  a n a l y s i s  of 45 R&D pro- 
j ec t s  sponsored by t h e  Geochemical and Materials Engineer ing  program 
of t h e  U t i l i z a t i o n  Technology Branch, D i v i s i o n  of Geothermal Energy, 
Department of Energy, as of F.Y. 1978. 

B e n e f i t s  of t h e  R&D p r o j e c t s  were e s t i m a t e d  as p o t e n t i a l  c o s t  
s a v i n g s  i n  e l e c t r i c i t y  product ion  of geothermal  power p l a n t s  in -  
s t a l l e d  i n  t h e  y e a r s  1979-2000 a t  27 U.S .  l iquid-dominated geo- 
thermal  p r o s p e c t s .  The t o t a l  c o s t  s a v i n g  w a s  found t o  b e  from 3.9 
t o  8 . 5 %  making t h e  o v e r a l l  b e n e f i t / c o s t  r a t i o  of t h e  R&D p r o j e c t s  
f a l l  somewhere between 1 8 . 3  and 39.8.  
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EXECUTIVE SUMMARY 

T h i s  r e p o r t  (Volume I V  of f o u r  volumes) d e s c r i b e s  t h e  approach,  
methods,  and r e s u l t s  f o r  b e n e f i t l c o s t  a n a l y s e s  of 45 R&D p r o j e c t s  
sponsored by t h e  Geochemical and Materials Engineer ing  Program of t h e  
U t i l i z a t i o n  Technology Branch, D i v i s i o n  of Geothermal Energy, Depart-  
ment of Energy. 

B e n e f i t s  of t h e  R&D p r o j e c t s  were e s t ima ted  as p o t e n t i a l  f u t u r e  
c o s t  s av ings  i n  e l e c t r i c i t y  p roduc t ion  a t  United S t a t e s  l i q u i d -  
dominated geothermal  p r o s p e c t s .  The e s t ima ted  b e n e f i t s  were based 
on t h e  DGE hydrothermal  e l e c t r i c  development s c e n a r i o  f o r  power 
p l a n t  i n s t a l l a t i o n  a t  27  Uni ted  S t a t e s  l iquid-dominated geothermal  
p r o s p e c t s  i n  t h e  y e a r s  1979-2000. 

Impor tan t  d e f i n i t i o n s  f o r  t h i s  summary are:  

e R&D Subelement - A se t  of one o r  more R&D p r o j e c t s  o r  con- 
t r ac t s  t h a t  promises  t o  deve lop  a p r a c t i c a l  commercial izable  
product  t h a t  w i l l  improve a geothermal  energy system com- 
ponent o r  p rocess .  

e Sunk Cos t s  - R&D c o s t s  i n c u r r e d  through FY1977 f o r  t h e  sub- 
e lement ,  i n f l a t e d  a t  lO%/year  t o  1978 d o l l a r s .  

e Planned Cos ts  - Expected f u t u r e  ( i n c l u d i n g  FY1978) R&D c o s t s  
t o  t h e  F e d e r a l  program. These i n c l u d e  c o s t s  planned by DGE,  
and i n  many cases " a d d i t i o n a l "  c o s t s  e s t ima ted  by MITRE t o  
be  r e q u i r e d  t o  b r i n g  t h e  a n t i c i p a t e d  p roduc t s  of t h e  sub- 
e lement  t o  commerc ia l iza t ion .  Expressed i n  1978 p r e s e n t  
v a l u e ;  d i s c o u n t  ra te  = 10%. 

0 Date of Commercial izat ion - Year i n  which t h e  product  of t h e  
subelement  i s  expec ted  t o  b e  a v a i l a b l e  f o r  commercial in -  
c o r p o r a t i o n  i n t o  geothermal  w e l l s  o r  e l e c t r i c  p l a n t s .  

e Est imated  B e n e f i t  - Savings  i n  t h e  c o s t s  of e l e c t r i c i t y  
p roduc t ion  i n  t h e  y e a r s  1979-2000 a t  t he  2 7  U.S. l i q u i d -  
dominated geothermal  p r o s p e c t s  i nc luded  i n  t h e  hydrothermal  
e l e c t r i c i t y  development s c e n a r i o .  Th i s  b e n e f i t  i s  based on 
t e c h n i c a l  c o n s i d e r a t i o n s  on ly ,  and i s  t h e  modelled conse- 
quence of e i t h e r  a p e s s i m i s t i c  o r  o p t i m i s t i c  estimate of 
t h e  deg ree  t o  which t h e  R&D subelement  a c t i v i t i e s  w i l l  a l t e r  
technology performance and/or  c o s t s  expres sed  i n  1978 d o l l a r s :  
assumed d i s c o u n t  r a t e  of 10% p e r  year .  
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Degree of Success  - A s c a l i n g  f a c t o r  between 0.0 and 1 .0  
t h a t  r e f l e c t s  MITRE'S estimate of the  degree  t o  which t h e  
p o s s i b l e  ( e s t i m a t e d )  b e n e f i t  w i l l  b e  d e l i v e r e d  commercially.  
The estimate of d e g r e e  of s u c c e s s  i n c l u d e s  such cons idera-  
t i o n s  as p r o b a b i l i t y  of t e c h n i c a l  s u c c e s s  i n  t h e  R&D act- 
i v i t i e s ,  compet i t ion  between subelement products  f o r  s h a r e s  
of t h e  same marke t ,  and sundry f a c t o r s  t h a t  could a f f e c t  
commercial u s e  of t h e  R&D product .  

a Expected B e n e f i t  - Product  of t h e  es t imated  b e n e f i t  and de- 
g r e e  of s u c c e s s :  f i n a l  estimate of how much s a v i n g s  i n  t h e  
c o s t  of e l e c t r i c i t y  product ion  i s  most l i k e l y  t o  r e s u l t  from 
t h e  R&D subelement .  

a Figure  of Merit - Expected b e n e f i t  d i v i d e d  by planned R&D 
c o s t s .  This  i s  t h e  b e n e f i t l c o s t  r a t i o  f o r  t h e  R&D sub- 
e lement .  It d i s r e g a r d s  sunk c o s t s ,  t o  provide  a forward look 
of t h e  re la t ive m e r i t  of cont inued  investment  i n  t h e  R&D 
subelement .  

0 H i s t o r i c a l  F i g u r e  of Merit - Expected b e n e f i t  d i v i d e d  by sum 
of sunk p l u s  planned c o s t s .  T h i s  v a l u e  p r o v i d e s  an  estimate 
of t h e  re la t ive  v a l u e  of each subelement throughout  i t s  
e n t i r e  l i f e - s p a n .  

The b e n e f i t / c o s t  a n a l y s i s  r e q u i r e d  t h e  c r e a t i o n  of a comprehen- 
sive model of geothermal  d r i l l i n g  technology i n  a d d i t i o n  t o  e x i s t i n g  
power p l a n t  e n g i n e e r i n g  and economic models.  WELCST i s  a comprehen- 
sive computer ized e n g i n e e r i n g  c o s t  model f o r  geothermal  w e l l s ,  which 
i n c l u d e s  account ing  f o r  most major  d r i l l i n g  mishaps and a l l  improvable  
c o s t  items. 

T h e . c u r r e n t  R&D p r o j e c t s  of t h e  Geochemical and Materials 
Engineer ing  program were found t o  f a l l  i n  f o u r  S tandard  Technica l  
Areas: P r e c i p i t a t i o n  and Geochemistry;  Materials; Measurement, 
T e s t i n g ,  and P r o c e s s  C o n t r o l  Technology; and Waste Management. The 
r e s u l t s  of t h e  b e n e f i t l c o s t  a n a l y s e s  of t h e  p r o j e c t s  i n  t h e s e  areas 
are shown i n  Table  S-1. The r e s u l t s  f o r  i n d i v i d u a l  p r o j e c t  o r  group 
of p r o j e c t s  are p r e s e n t e d i n  t h e  main body of t h i s  volume, and are 
combined f o r  t h e  e n t i r e  program h e r e  i n  F igure  S-1. 

The major  c o n c l u s i o n s  of t h e  a n a l y s i s  are: 

a A s  a n  average  a c r o s s  t h e  U.S. s c e n a r i o  f o r  geothermal  
e l e c t r i c i t y  development,  t h e  expected e l e c t r i c i t y  c o s t  re- 
d u c t i o n  i s  somewhere between 3.9 and 8.5%. 
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e R&D i n  m a t e r i a l s  development area y i e l d s  h i g h e s t  impacts  even 
when d i r e c t  h e a t  and geopressured a p p l i c a t i o n s  are excluded.  

e R&D a c t i v i t i e s  i n  t h e  a r e a  of p r e c i p i t a t i o n  and geochemistry 
show evidence  of becoming more g o a l - o r i e n t a t e d .  

0 Although t h e r e  are h i g h  b e n e f i t  p r o j e c t s ,  more g o a l - o r i e n t a t e d  
d e f i n i t i o n s  are needed i n  t h e  measurement, t e s t i n g  and pro- 
cess c o n t r o l  technology area. 

0 Not count ing  p o s s i b l e  o v e r l a p s  w i t h  p r o j e c t s  i n  o t h e r  R&D 
programs, t h e  b e n e f i t / c o s t  r a t i o  of t h e  whole program as 
planned f a l l s  somewhere between 18.3 and 39.8. 

s-5 



1.0 INTRODUCTION 

1.1 PurDose and ScoDe 

The purpose of t h e  aiialysis r e p o r t e d  i n  t h i s  volume w a s  t o  assess 

t h e  b e n e f i t s  and c o s t s  of 45 R&D p r o j e c t s  of t h e  Geochemical and 

Materials Engineer ing  Program of t h e  D i v i s i o n  of Geothermal Energy, 

U.S. Department of Energy as of F.Y. 1978. The s p e c i f i c  g o a l s  of t h e  

a n a l y s i s  w e r e  t o :  

0 Provide  a uniform b a s i s  on which t o  e v a l u a t e  t h e  
probable  impacts  of d i s p a r a t e  R&D p r o j e c t s  upon t h e  
c o s t  of producing e l e c t r i c i t y  a t  27 d e s i g n a t e d  
geothemal p r o s p e c t s  i n  t h e  U.S. between 1978 and 
2000. 

0 E s t i m a t e  t h e  l i k e l y  t e c h n o l o g i c a l  and economic 
impacts  of 45 s p e c i f i c  R&D p r o j e c t s .  

0 Estimate r e l a t i v e  b e n e f i t / c o s t  r a t i o s  f o r  t h e  
R&D p r o j e c t s  . 

0 P r e s e n t  t h e  r e s u l t i n g  estimates i n  a way t h a t  could 
assist DGE o f f i c i a l s  i n  moni tor ing  t h e  p r o g r e s s  and 
p o t e n t i a l  changes i n  t h e  r e l a t i v e  importance of t h e  
v a r i o u s  R&D p r o j e c t s  t o  meet ing DGE programmatic 
g o a l s .  

The uniform b a s i s  f o r  p r o j e c t  e v a l u a t i o n  w a s  r e q u i r e d  t o  extend 

a c r o s s  t h e  t h r e e  R&D programs of t h e  U t i l i z a t i o n  Technology Branch: 

0 Geothermal D r i l l i n g  Technology (Volume I1 of t h i s  I 

r e p o r t )  

0 E x t r a c t i o n  and Conversion Technology (Volume 111) 

0 Geochemical and Materials Engineer ing  (Volume I V ,  
t h i s  volume) 

The scope of t h i s  volume of t h e  r e p o r t  i s  l i m i t e d  t o  a n a l y s i s  of 

R&D p r o j e c t s  r e l a t e d  t o  t h e  chemis t ry  of geothermal  b r i n e s ,  materials 

1 



f o r  geothermal  systems , and b r i n e  u t i l i z a t i o n  and d i s p o s a l .  The 

s p e c i f i c  p r o j e c t s  and t h e  t e c h n i c a l  areas i n t o  which they  a l l  f a l l  

are d e t a i l e d  i n  S e c t i o n  2.0. 

The g e n e r a l  scope of  t h e  b e n e f i t s  a n a l y s i s  as a whole w a s  l i m i t e d  

t o  e f f e c t  on t h e  economics of e l e c t r i c i t y  p roduc t ion  a t  27 s p e c i f i c  

geothermal  p r o s p e c t s .  All of t h e s e  p r o s p e c t s  are moderate t o  h i g h  

tempera ture  (140-356OC) l iqu id-dominated  r e s e r v o i r s  of moderate depth  

(up t o  3 k i l o m e t e r s ,  o r  about  10,000 f e e t ) .  Volume I of t h i s  r e p o r t ,  

and S e c t i o n  1.2 (below) may b e  c o n s u l t e d  f o r  f u r t h e r  d e t a i l s  on t h e  

scope of t h e  analysis. 

This  b e n e f i t l c o s t  a n a l y s i s  i s ,  by d e s i g n ,  p r o j e c t - o r i e n t e d  r a t h e r  

t han  program-oriented.  The a n a l y s i s  c o n s i d e r s ,  a lmost  e x c l u s i v e l y ,  

t h e  impacts  of R&D a c t i v i t i e s  upon t h e  f u t u r e  c o s t  of producing  e l e c t -  

r i c i t y  from an assumed f i x e d  s c e n a r i o  of power p l a n t  development a t  

U.S. hydro thermal  sites. T h i s  i s  in t ended  t o  give t h e  R&D Program 

Managers a forward look  a t  t h e  deg ree  t o  which v a r i o u s  R&D a c t i v i t i e s  

are most l i k e l y  t o  impact  on t h e  t y p e s  of t e c h n o l o g i e s  t h a t  w i l l  b e  

used t o  produce geothermal  e l e c t r i c i t y  i n  t h e  U.S. 

S ince  t h e  a n a l y s i s  i s  n o t  program-oriented,  i t  s p e c i f i c a l l y  

(1) 

i g n o r e s  some of  t h e  t r a d i t i o n a l  a s p e c t s  of f e d e r a l  programmatic 

b e n e f i t / c o s t  a n a l y s e s .  For example, no a t t empt  i s  made h e r e  t o  

compare t h e  f u t u r e  c o s t  of geothermal  e l e c t r i c i t y  t o  e l e c t r i c i t y  

d e r i v e d  from o t h e r  k i n d s  o f  r e s o u r c e s .  Nor i s  t h e r e  any a t t empt  t o  

p r e d i c t  t h e  c o s t  of e l e c t r i c i t y  from s p e c i f i c  p r o s p e c t s ,  o r  t o  p r e d i c t  
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market p e n e t r a t i o n  s h a r e s  a t  s p e c i f i c  p r o s p e c t s .  

r e q u i r e  a d d i t i o n a l  a n a l y s e s  which could  b e  based  i n  p a r t  on t h e  r e s u l t s  

p r e s e n t e d  h e r e .  

1 . 2  General  Approach 

Such estimates w i l l  

General" h e r e  r e f e r s  t o  components of  t h e  approach t h a t  were 11 

common t o  t h e  a n a l y s i s  of R&D P r o j e c t s  i n  a l l  t h r e e  of  t h e  U t i l i z a t i o n  

Technology Branch r e s e a r c h  programs. F u l l  d e t a i l s  o f  t h e  g e n e r a l  

approach used f o r  t h e  b e n e f i t / c o s t  a n a l y s i s  of t h e s e  p r o j e c t s  can  

be found i n  Volume I of t h i s  r e p o r t .  Only a b r i e f  d e s c r i p t i o n  

o f  t h e  g e n e r a l  approach of t h e  a n a l y s i s  i s  g i v e n  h e r e .  

It w a s  most impor tan t  t o  i d e n t i f y  t h e  ways i n  which t h e  expec ted  

r e s u l t s  of t h e  R&D p r o j e c t s  could  impact on geothermal  power 

technology t o  reduce t h e  c o s t  of producing geothermal  e l e c t r i c i t y .  

I n  some cases, e .g .  " S i l i c a  S c a l i n g  Control" ,  a s i n g l e  R&D p r o j e c t  

could produce a d i r e c t  impact on c o s t s .  

had t o  b e  grouped t o g e t h e r  b e f o r e  t h e y  would r e s u l t  i n  a p r a c t i c a l  

d i r e c t  impact .  

were d e f i n e d  f o r  R&D "subelements",  where each subelement i s  a s i n g l e  

p r o j e c t  o r  a group of p r o j e c t s  t h a t  h o l d s  promise of r e s u l t i n g  i n  a 

commercial izable  improvement i n  a geothermal  power system component 

o r  p r o c e s s .  

I n  o t h e r  cases, p r o j e c t s  

To handle  t h i s  d i v e r s i t y ,  t h e  b e n e f i t / c o s t  a n a l y s e s  

For  each R&D subelement ,  t h r e e  independent  q u a n t i t a t i v e  f a c t o r s  

were analyzed:  
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B e n e f i t  - The t o t a l  d o l l a r  s a v i n g s  t h a t  t h e  t e c h n i c a l  
impacts of t h e  subelement could produce a t  e l e c t r i c i t y  
p l a n t s  expected t o  b e  i n s t a l l e d  a t  27  United States  
geothermal  p r o s p e c t s  i n  t h e  y e a r s  1979-2000, 

R&D Cost - The t o t a l  amount of DGE funds expected t o  
b e  expended on t h e  p r o j e c t s  of t h e  subelement from 
f i s c a l  y e a r  1978 through t h e  e s t i m a t e d  commerciali- 
z a t i o n  d a t e  of t h e  p r o d u c t ( s )  of t h e  subelement ,  and 

Degree of Success  - An estimate of t h e  l i k e l i h o o d  
t h a t  t h e  t o t a l  e s t i m a t e d  b e n e f i t  of t h e  subelement 
w i l l  b e  r e a l i z e d ,  c o n s i d e r i n g  f a c t o r s  such as l i k e l i -  
hood of t e c h n i c a l  s u c c e s s  i n  t h e  R&D work, market 
p e n e t r a t i o n  b a r r i e r s ,  e tc .  

The f i n a l  r e s u l t  of each b e n e f i t l c o s t  a n a l y s i s  i s  p r e s e n t e d  a s  

a f i g u r e  of m e r i t  f o r  each subelement:  

B e n e f i t  x Degree of Success  
R&D Cost  F i g u r e  of Merit = 

T h i s  f i g u r e  of m e r i t  r e f l e c t s  on ly  c u r r e n t  and f u t u r e  c o s t s .  A 

p a r a l l e l  " H i s t o r i c a l  F i g u r e  of Merit" which i n c l u d e s  sunk c o s t s  as 

w e l l  w a s  a l s o  c a l c u l a t e d  t o  r e f l e c t  t h e  e n t i r e  expec ted  l i f e - s p a n  

of each R&D subelement.  The a n a l y s i s  fol lowed a series of  s t e p s :  

STEP 1 - R&D p r o j e c t  documentat ion w a s  reviewed t o  i d e n t i f y  t h e  

t e c h n i c a l  o b j e c t i v e s ,  performance g o a l s ,  l a t e s t  t e s t  r e s u l t s ,  and 

any o t h e r  i n f o r m a t i o n  t h a t  could i n d i c a t e  l i k e l y  q u a n t i t a t i v e  impacts  

of each p r o j e c t  on t h e  c o s t  of geothermal  w e l l s .  Expected impacts  

on t h e  performance and c o s t  of geothermal  p l a n t s  and w e l l s  were 

i d e n t i f i e d .  This  i n f o r m a t i o n  c o l l e c t i o n  and impact i d e n t i f i c a t i o n  

e f f o r t  i n c l u d e d  sending  a l e t t e r  t o  each R&D c o n t r a c t o r  r e q u e s t i n g  

as much impact and b e n e f i t  e v a l u a t i o n  material  as each could r e a d i l y  
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supply - 
STEP 2 - The p r o j e c t s  were grouped i n t o  S tandard  T e c h n i c a l  Areas 

of  p r o j e c t s  t h a t  had many common o r  p o t e n t i a l l y  over lapping  t e c h n i c a l /  

economic impacts .  For example, p r o j e c t s  concerning geothermal  f l u i d  

behavior  were grouped i n t o  a F l u i d  Management area,  and p r o j e c t s  con- 

c e r n i n g  t h e  development of v a r i o u s  t y p e s  of materials w e r e  grouped 

i n t o  a Piaterials area. 

The p r o j e c t s  w i t h i n  each Standard  T e c h n i c a l  Area w e r e  t h e n  

f u r t h e r  subdiv ided  i n t o  subelements .  Each subelement c o n t a i n s  one 

o r  more R&D p r o j e c t  aiming toward common g o a l s  and t h e  same commer- 

c i a l i z a b l e  p r a c t i c a l  impact.  For example, t h e  Materials Handbook 

subelement  c o n t a i n s  one p r o j e c t ,  w h i l e  t h e  Well Cements subelement 

c o n t a i n s  f o u r ( s e e  F i g u r e  2 ) .  

STEP 3 - Q u a n t i t a t i v e  estimates were made of l i k e l y  t e c h n i c a l l  

economic impacts  of each subelement ,  t h e  y e a r  i n  which t h e  p r o d u c t ( s )  

of t h e  subelement are l i k e l y  t o  b e  commercially avai lable ,  t h e  p a s t ,  

p r e s e n t ,  and a n t i c i p a t e d  c o s t s  t o  DGE of t h e  subelement ,  and t h e  

degree  of s u c c e s s  expected f o r  each  subelement .  The estimates were 

based on i n f o r m a t i o n  r e c e i v e d  from R&D p r o j e c t  c o n t r a c t o r s ,  p r o j e c t  

r e p o r t s  and t e s t  r e s u l t s ,  and c o n s u l t a t i o n  w i t h  DGE program managers.  

The q u a n t i t a t i v e  estimates of t h e  t e c h n i c a l  and economic impacts  

on e l e c t r i c i t y  p r o d u c t i o n  systems were t h e n  mathemat ica l ly  t ransformed 

i n t o  a p p r o p r i a t e  terms as i n p u t s  t o  a g e n e r a l  geothermal  R&D b e n e f i t s  

e s t i m a t i o n  model. 
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STEP 4 - The R&D b e n e f i t s  model, GEOBEN, w a s  e x e r c i s e d .  

The b e n e f i t s  model c a l c u l a t e s  t h e  t o t a l  d o l l a r  s av ings  t h a t  a g iven  

set  of engineer ing/economic i m p a c t s  would produce a t  e l e c t r i c i t y  

p l a n t s  expec ted  t o  b e  i n s t a l l e d  a t  27 U.S. geothermal  p r o s p e c t s  i n  

t h e  y e a r s  1979-2000. 

GEOBEN ( f o r  "Geothermal - R&D P r o j e c t s  B e n e f i t s  Analys is  Code) i s  

d e s c r i b e d  i n  d e t a i l  i n  Volume I of t h i s  r e p o r t .  GEOBEN i s  an expan- 

s i o n  of GELCOM, t h e  geothermal  l e v e l i z e d  busbar  c o s t  of e l e c t r i c i t y  

model developed a t  MITRE (2) .  The b e n e f i t s  model has  f i v e  main p a r t s :  

L-  

A p o s t u l a t e d  geothermal  e l e c t r i c i t y  p l a n t  i n s t a l l a t i o n  
schedu le  f o r  27 p r o s p e c t s .  Th i s  f i l e  i n c l u d e s  estimates 
of  pr imary  p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  s i tes  
( e . g . ,  r e source  t empera tu re ,  r e s e r v o i r  dep th ,  b r i n e  
s a l i n i t y ) ,  

Engineer ing  c o s t  models f o r  geothermal  w e l l s  and s i x  
types  of geothermal  e l e c t r i c i t y  p roduc t ion  p l a n t s ,  

An R&D technica l /economic  impacts  d a t a  f i l e .  Impacts  
d e r i v e d  i n  S t e p  3 above f o r  one subelement are  
p l aced  i n  t h i s  f i l e ,  and are  used by t h e  program t o  
a d j u s t  c a p i t a l  and O&M c o s t s  f o r  p l a n t s  expec ted  t o e n t e r  
service a f t e r  t h e  commerc ia l iza t ion  d a t e  of t h e  
R&D subelement  p r o d u c t s ,  

A l e v e l i z e d  busbar  c o s t  model (GELCOM). Th i s  model 
u s e s  t h e  t h r e e  above f i l e s ,  as w e l l  as p e r t i n e n t  
f i n a n c i a l  f a c t o r  estimates t o  c a l c u l a t e  t h e  l e v e l -  
i z e d  busbar  c o s t  of e l e c t r i c i t y  a t  a p a r t i c u l a r  
p l a n t  i n  a p a r t i c u l a r  y e a r .  And, f i n a l l y ,  

A summation and d i s c o u n t  program. Th i s  code s t o r e s  
t h e  e l e c t r i c i t y  c o s t s  c a l c u l a t e d  f o r  a l l  t h e  p l a n t s  i n  
t h e  s c e n a r i o ,  and then  sums them f o r  t h e  y e a r s  1979 t o  
2000. The c a l c u l a t i o n s  i n c l u d e  t h e  f i s c a l  impacts  of  
t h e  1978 F e d e r a l  Energy Act .  The summation of c o s t s  
is  performed f o r  two cases: With and wi thou t  t h e  R&D 
impac t s ,  and d i scoun ted  t o  p r e s e n t  v a l u e  (1978 d o l l a r s ) .  
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The e l e c t r i c i t y  c o s t  d i f f e r e n c e  between t h e  "with R&D" and 

"without  R&D" cases is  t h e  e s t i m a t e d  economic b e n e f i t  of t h e  R&D 

subelement.  

A s  desc r ibed  above, t h e  b e n e f i t  i s  then  combined w i t h  estimates 

of R&D c o s t ,  and degree  of success  t o  d e r i v e  a b e n e f i t / c o s t  r a t i o  

f o r  each subelement.  

A s  desc r ibed  above, t h e  b e n e f i t  i s  then combined w i t h  estimates 

of R&D c o s t ,  and degree  of success  t o  d e r i v e  a b e n e f i t / c o s t  r a t i o  

f o r  each subelement.  

I m p l i c i t  i n  t h e  a n a l y s i s  i s  an  assumption t h a t  t h e  r e f e r e n c e  

set o f  s chedu les  f o r  t h e  growth of  e l e c t r i c i t y  p roduc t ion  a t  2 7  

r e p r e s e n t a t i v e  geothermal  p r o s p e c t s ,  h e r e i n  g e n e r a l l y  c a l l e d  t h e  

"hydro thermal  development scena r io" ,  i s  a r easonab le  b a s i s  f o r  

e s t i m a t i n g  b e n e f i t s  of R&D. While hydro the rma l -e l ec t r i c  development 

i s  u n l i k e l y  t o  m a t e r i a l i z e  p r e c i s e l y  as p o s t u l a t e d  i n  t h e  schedu les ,  

t h i s  s i t e - s p e c i f i c  b a s i s  f o r  R&D impact assessment  i s  more r e a l i s t i c  

than  g e n e r i c  r e source  u t i l i z a t i o n  p r o j e c t i o n s .  

1 . 3  Organ iza t ion  of t h i s  volume 

The body of t h i s  volume c o n t a i n s  g e n e r a l  i n fo rma t ion  on t h e  

R&D p r o j e c t s  of t h e  Geochemical and Materials Engineer ing  program 

(Sec t ion  2 .0) .  Sec t ion  2.0 a l s o  c o n t a i n s  c l a s s i f i c a t i o n s  of t h e  

p r o j e c t s  i n t o  Standard Technica l  Areas and Subelements.  S e c t i o n  3 .0  

d i s c u s s e s  s p e c i f i c  methods used i n  t h e  a n a l y s i s  f o r  p r o j e c t  b e n e f i t /  

c o s t  r a t i o s  and f i g u r e s  of m e r i t .  The r e s u l t s  of t h e  a n a l y s i s  are 
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p r e s e n t e d  i n  s e c t i o n  4.0 .  Conclusions are i n  Sec t ion  5.0. Appendix 

A c o n t a i n s  the  d e t a i l s  of t h e  a n a l y s e s  of i n d i v i d u a l  R&D subelements .  



2.0  TECHNICAL AREAS AND PROJECT CLASSIFICATION 

The Geochemical and Materials Engineer ing  program is  concerned 

w i t h  a l l  a s p e c t s  of geothermal  systems o p e r a t i o n s .  I ts  primary 

o b j e c t i v e  i s  t o  improve t h e  r e l i a b i l i t y ,  economics and envi ronmenta l  

acceptance  of geothermal  r e s o u r c e  u t i l i z a t i o n .  To a c h i e v e  t h e  

o b j e c t i v e s  t h e  program is  des igned  t o  s t u d y  geothermal  f l u i d  chemis- 

t r y  s o  t h a t  a d v e r s e  e f f e c t s  encountered  i n  e x t r a c t i n g  t h e  f l u i d  and 

t h e  h e a t  i t  carr ies  can  b e  formula ted  and d e a l t  w i t h .  To d e a l  w i t h  

t h o s e  a d v e r s e  e f f e c t s ,  s u i t a b l e  materials f o r  system components t h a t  

a r e  i n  c o n t a c t  w i t h  t h e  f l u i d  must b e  deve loped ,  wastes d i s c h a r g e d  

from t h e  u t i l i z a t i o n  systems must b e  p r o p e r l y  managed, and o t h e r  

o p e r a t i o n a l  problems such  as measurements,  p r o c e s s  c o n t r o l ,  and 

t e s t i n g  procedures  must b e  s o l v e d .  

The 45 p r o j e c t s  of t h i s  program were grouped i n t o  4 s t a n d a r d  

t e c h n i c a l  areas on t h e  b a s i s  of d i s c u s s i o n  w i t h  t h e  Geochemical and 

Materials Engineer ing  Program manager. 

Each s t a n d a r d  t e c h n i c a l  area c o n t a i n s  a number of p r o j e c t s ,  

each of which h a s  i t s  own o b j e c t i v e .  The o b j e c t i v e  of many p r o j e c t s  

would r e s u l t  i n  d i r e c t  impacts  on geothermal  power sys tems.  However 

t h e r e  are some p r o j e c t s  which had t o  b e  combined w i t h  o t h e r  p r o j e c t s  

b e f o r e  t h e  combined o b j e c t i v e  c o u l d  g e n e r a t e  i d e n t i f i a b l e  impacts  on 

t h e  geothermal  sys tems.  I n  such  cases, r e l a t e d  p r o j e c t s  were grouped 

t o  perform b e n e f i t  a n a l y s e s .  I n  b o t h  cases t h e  u n i t  t o  b e  ana lyzed  

i s  c a l l e d  a"sube1ement"of t h e  program. I n  o t h e r  words,  a subelement  

9 



c o n s i s t s  of one o r  more R&D p r o j e c t s  t h a t  when ana lyzed ,  h o l d  pro- 

m i s e  of d e l i v e r i n g  s p e c i f i c  p r a c t i c a b l e  impacts .  

I n  t h e  p r o c e s s  of o r g a n i z i n g  t h e  p r o j e c t s ,  a coding system w a s  

developed and used throughout  t h e  f o u r  volumes of t h i s  r e p o r t .  The 

t h r e e  programs of t h e  UTB are coded w i t h  numbers 1 t o  3 w i t h  

program 3 b e i n g  t h e  Geochemical and Materials Engineer ing  program. 

The Standard  T e c h n i c a l  Area number i s  n e x t  t o  b u t  s e p a r a t e d  by a 

hyphen from t h e  program number. The p r o j e c t  number is l a s t .  For 

example p r o j e c t  3-2-09 is  t h e  n i n t h  p r o j e c t  i n  area 2 of t h e  

Geochemical and Materials Engineer ing  program. A subelement  i s  

d e s i g n a t e d  w i t h  a l e t t e r  i n  p l a c e  of t h e  p r o j e c t  number, ( e . g . ,  

subelement  3 - 2 4  . 
2 . 1  S t a n d a r d  T e c h n i c a l  Area 

The f o u r  s t a n d a r d  t e c h n i c a l  areas of t h e  Geochemical and 

Materials Engineer ing  program are d e s c r i b e d  below. 

2 .1 .1 S t a n d a r d  T e c h n i c a l  Area 3-1: P r e c i p i t a t i o n  and 
Geochemis t r v  

The p r o j e c t s  i n  t h e  p r e c i p i t a t i o n  and geochemis t ry  area are  

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

p o r t  and h e a t  exchange sys tems.  The pr imary f u n c t i o n  of t h e s e  R&D 

a c t i v i t i e s  i s  t o  arrive a t  methods t o  p r e d i c t  and c o n t r o l  p r e c i p i -  

t a t e  f o r m a t i o n .  T h e s e p r o j e c t s  are l i s t e d  i n  Table  1. 

I n  t h e  p r e c i p i t a t i o n  p r o c e s s ,  t h e  amount and t y p e s  of p r e c i p i -  

t a tes  can b e  i d e n t i f i e d  by comparing t h e  f l u i d  c o n s t i t u e n t s  w i t h  

t h e i r  s o l u b i l i t y  d a t a .  Given t h e  s o l u b i l i t y  i n f o r m a t i o n ,  c o n t r o l l i n g  
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MITRE 
CODE 

3-1-01 

3-1-02 

3-1-03 

3-1-04 

3-1-05 

3-1-06 

3-1-07 

3-1-08 

3-1-09 

3-1-10 

PROJECT TITLE 

S c a l e  Forma t ion  
Yodeling 

Mine ra l  S o l u b i l i t y  
Data - RFP 

Hydrodynamic/Kinet ic  
R e a c t i o n  E n g i n e e r i n g  
R&D - RFP 

B r i n e  Chemistry 
S t u d i e s  

S c a l e  Forma t ion  and 
C o n t r o l  

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 

E m p i r i c a l  K i n e t i c  
R e a c t i o n  Model 

S i l i c a  S c a l i n g  S tudy  

S c a l e  Formation and 
S u p p r e s s i o n  

S c a l e  I n h i b i t i o n  
T e s t  

TABLE 1 

STANDARD TECHNICAL AREA 3-1: PPJXIPITATION AND GEOCHEMISTRY 

CONTRACTOR 

Los Alamos 
S c i .  Lab. 

Los Alamos 
S c i .  Lab. 

Los Alamos 
S c i e n t i f i c  
Laboratory 

Lawrence 
Livermore 
Labora to ry  

Lawrence 
Livermore 
Labora to ry  

Oak Ridge 
Na t iona l  
Labora to ry  

Lawrence 
Berkeley 
Labora to ry  

E I C  Carp. 

DOW 
Chemical 

V e t t e r  
A s s o c i a t e s  

CONTRACT 
NUMBER 

05ENG36 

05ENG36 

05ENG36 

0 5ENG 4 8 

05 ENG 4 8 

05ENG26 

05ENG48 

C022607 

C022833 

_- 

TECHNICAL OBJECTIVE 

To deve lop  computer models  t o  p r e d i c t  scale f o r m a t i o n  i n  h e a t  
exchange r  and p i p i n g  sys t ems .  

To g e n e r a t e ,  through l a b o r a t o r y  expe r imen t s ,  s u p p o r t  d a t a  on 
s c a l i n g  and p r e c i p i t a t i o n  f o r  t h e  model ing of b r i n e .  

To d e t e r m i n e  systems and p r o c e s s e s  a f f e c t i n g  s c a l e  morphology and 
p r e c i p i t a t i o n  of d i s s o l v e d  and suspended s o l i d s  i n  s u p p o r t  of 
b r i n e  model ing.  

To conduc t  s u p p o r t  s t u d i e s  on i n t e r a c t i o n s  between b r i n e  chemis t ry  
and t h e  T o t a l  Flow System. 

To s t u d y  s c a l e  f o r m a t i o n  and i t s  c o n t r o l  i n  s u p p o r t  f o r  t h e  T o t a l  
Flow S ys  tem . 

To o b t a i n ,  t h rough  e x p e r i m e n t a t i o n  on a t e s t  l o o p ,  chemica l  e n g i -  
n e e r i n g  d a t a  on p a r a m e t e r s  i m p o r t a n t  f o r  scale f o r m a t i o n  and 
c o n t r o l .  

To d e v e l o p ,  t h rough  l i t e r a t u r e  r e s e a r c h  and t h e o r e t i c a l  s t u d y ,  
b a s i c  u n d e r s t a n d i n g  of v a r i o u s  mechanisms of s i l i ca  p r e c i p i t a t i o n  
unde r  d i f f e r e n t  t e m p e r a t u r e  and compos i t ions .  

To s t u d y  c o n d e n s a t i o n  of s i l i c a  from w a t e r  s u p e r s a t u r a t e d  w i t h  
s i l i c i c  a c i d .  

To test  t h e  e f f e c t i v e n e s s  of commerc ia l ly  a v a i l a b l e  chemica l  
s c a l e  c o n t r o l  a d d i t i v e s  and e l e c t r o - m a g n e t i c  d e v i c e s  p r o p o r t e d  
t o  r e d u c e  s c a l e  f o r m a t i o n .  

To conduct  f i e l d  tests of v a r i o u s  s c a l e  i n h i b i t o r s .  



t e c h n i q u e s  w i t h  a c c e p t a b l e  economics can t h e n  be developed. However 

under  t h e  dynamic c o n d i t i o n s  of geothermal  u t i l i z a t i o n  p r o c e s s e s ,  

p r e c i p i t a t i o n  problems become complicated.  Dynamic p r e c i p i t a t i o n  

can happen i n  a v a r i e t y  of s t e a d y  and t r a n s i e n t  modes of o p e r a t i o n  

even when t h e  s o l u b i l i t y  l i m i t s  have n o t  been reached.  Thus s o l u -  

b i l i t y  d a t a  f o r  geothermal  f l u i d ,  must b e  compiled,  and e q u i l i b r i u m  

and dynamic p r e c i p i t a t i o n s  must b e  s t u d i e d  b e f o r e  e f f e c t i v e  c o n t r o l  

methods can be developed.  The R&D a c t i v i t i e s  i n  t h i s  area t h e r e f o r e  

i n c l u d e  a range of work from b a s i c  r e s e a r c h  t o  p r a c t i c a l  s t u d i e s .  

Minera l  s o l u b i l i t y  d a t a  and modeling of p r e c i p i t a t i o n  s t u d i e s  

are c a r r i e d  o u t  i n  t h e  Los Alamos S c i e n t i f i c  Labora tory  (LASL). 

These s t u d i e s  i n c l u d e  p r e c i p i t a t i o n  k i n e t i c s  and p r e c i p i t a t e  s t r u c -  

t u r e  c h a r a c t e r i s t i c s  under  v a r i o u s  hydrodynamic c o n d i t i o n s .  A 

dynamic t es t  loop  i s  under  o p e r a t i o n  a t  t h e  Oak Ridge N a t i o n a l  

Labora tory  (ORNL) t o  g e n e r a t e  p r e c i p i t a t i o n  d a t a .  Other  s p e c i f i c  

s t u d i e s  such as s i l i c a  p r e c i p i t a t i o n  - a major problem i n  many 

geothermal  s i tes  - s t u d i e d  by Lawrence Berkeley L a b o r a t o r i e s  (LBL) 

and E I C  C o r p o r a t i o n ,  and p r e c i p i t a t i o n  i n  T o t a l  F ~ G W  System s t u d i e d  

by Lawrence Livermore L a b o r a t o r i e s  (LLL) are a l s o  inc luded  i n  t h i s  

area. P r o j e c t s  which are concerned w i t h  p r a c t i c a l  problems such as 

p r e c i p i t a t i o n  c o n t r o l  and s u p p r e s s i o n  are c a r r i e d  out  by Dow 

Chemicals and Vetter A s s o c i a t e s .  

Table  1 a l s o  c o n t a i n s  i n f o r m a t i o n  about  p r o j e c t  c o n t r a c t o r s ,  

c o n t r a c t  numbers, and t e c h n i c a l  o b j e c t i v e s .  D e t a i l e d  p r o j e c t  c o s t s  
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are i n c l u d e d  i n  Appendix A. 

2 . 1 . 2  S tandard  T e c h n i c a l  Area 3-2: Materials 

The p r o j e c t s  i n  t h e  M a t e r i a l s  area c o n c e n t r a t e  on t h e  s e l e c t i o n  

and development of s u i t a b l e  materials f o r  u s e  i n  c o n t a c t  w i t h  t h e  

geothermal  f l u i d  which, i n  g e n e r a l ,  h a s  h igh  tempera ture  and h igh  

u n d e s i r a b l e  s o l i d s  c o n t e n t .  The main o b j e c t i v e  of t h e s e  p r o j e c t s  i s  

t o  i n c r e a s e  t h e  l i f e  spans  and reduce c a p i t a l  and o p e r a t i n g  and 

maintenance (O&M) c o s t s  of  geothermal  hardware.  

Because of t h e s p e c i a l  c o n d i t i o n s  ( h i g h  tempera ture  and s a l i n i t y  

and c o r r o s i v e  environments) encountered i n  geothermal  a p p l i c a t i o n s ,  

v i r t u a l l y  a l l  t h e  common e n g i n e e r i n g  materials used need t o  b e  

e v a l u a t e d  f o r  s u i t a b i l i t y .  I n  a d d i t i o n ,  because  of economic r e a s o n s  

many of t h e s e  materials need t o  b e  redeveloped f o r  a d d i t i o n a l  d e s i r e d  

p r o p e r t i e s .  The materials c u r r e n t l y  under  c o n s i d e r a t i o n  i n c l u d e  

cement, e l a s t o m e r s ,  polymer-concrete,  and metals. There are 19 

p r o j e c t s  i n  t h i s  area. They are l i s t e d  i n  Table  2 and b r i e f l y  

d e s c r i b e d  below. 

High tempera ture  cements o r  m i x t u r e s  of  polymers and cements 

f o r  u s e  i n  geothermal  w e l l  complet ion are b e i n g  developed and t e s t e d  

by Brookhaven N a t i o n a l  Labora tory  (BNL). 

suppor ted  by t h e  s c r e e n i n g  and t e s t i n g  e f f o r t s  of N a t i o n a l  Bureau of 

S tandards  (NBS) and by t h e  Dowel1 D i v i s i o n  of Dow Chemical e f fo r t s  

f o r  developing an  improved cement s l u r r y  formula t ion .  

T h i s  cement program i s  

The f i e l d  

t e s t i n g  of  d i f f e r e n t  types of cement w i l l  s t a r t  i n  FY 79 and w i l l  

b e  managed by t h e  r e g i o n a l  o f f i c e s  of  t h e  D i v i s i o n  o.f Geothermal Energy 

13  



TABLE 2 

STANDARD TECHNICAL AREA 3-2: MATERIALS 

PROJECT TITLE CONTRACTOR 
MITRE 
CODE NUMBER 

Radian C043904 
Corp. 

3-2-01 Materials Design 
Handbook I 

TECHNICAL OBJECTIVE 

To prepare and maintain a materials s e l e c t i o n  and ope ra t iona l  
gu ide l ine  handbook f o r  geothermal energy conversion systems. 

WELL CEMENT 

3-2-02 

3-2-03 

3-2-04 

3-2-05 

High Temperature 
Polymer Well Cement 
and Management 

Geothermal Cement 
Evaluat ion 

Well Completion 
Evaluat ion 

Cement Downhole 
T e s t s  

3-2-06 

3-2-07 

3-2-08 

Brookhaven 
Nat ional  
Laboratory 

Nat. Bur. 
Standards 

Dwel l  of 
Dow Chem. 

Unknown 

Al t e rna te  Materials 
of Construct ion and 
Management 

Al t e rna te  Materials 
f o r  Non-Electric 
Applicat ions 

D A I  I n t e n s i t y  
Polymer Concrete 
Erosion 

NON-METALLIC CONSTRUCTION MATERIALS 

NASA/JPL 

Brookhaven 
Nat ional  
Laboratory 

A361011 

-- 
-- 

Brookhaven 
Nat ional  
Laboratory 

Brookhaven 
Nat ional  
Laboratory 

Brookhaven 
Nat ional  
Laboratory 

3-2-09 

3-2-10 

C020016 

A01 6010 

C024190 

-- 

C020016 

C020016 

C020016 

High Temperature 
Elastomers R&D 

Al t e rna te  High 
Temperature Sea l  
Materials - RFP 

To conduct in-house r e sea rch  t o  develop polymer w e l l  cement f o r  
downhole appl ica t ions  up t o  3300C, and t o  manage o the r  RSD 
subcontracts  on inorganic cements. 

To test  and screen  cements p r i o r  t o  downhole t e s t i n g  i n  a down- 
h o l e  test f a c i l i t y .  

To develop an improved cement s l u r r y  formulat ion f o r  t he  
completion of wells.  

To e s t a b l i s h  materials and performance s tandards f o r  w e l l  
cements by basket  t e s t i n g  and t o  c a r r y  ou t  non-destructive 
tests on cement i n  completed w e l l s .  

To i d e n t i f y  areas i n  geothermal processes  where non-metall ic 
materials such as p l a s t i c s ,  concrete  polymer composites and 
r e f r a c t o r y  cements can be u t i l i z e d  a s  a replacement f o r  metals  
i n  a cos t -e f fec t ive  manner and t o  develop and test  these  
m a t e r i a l s  under labora tory  and f i e l d  condi t ions .  

To provide technica l  b a s i s  f o r  subcon t rac t s  o r  a l t e r n a t e  
materials f o r  use  in  non-electr ic  app l i ca t ions .  

To eva lua te  t h e  erosion and s c a l e  i n t e n s i t y  on polymer concrete  
coated v e s s e l s  and p ipes ,  and determine the  margins of s a f e t y  of 
t h e  coa t ing ,  and a l so  tes t  va r ious  cleaning techniques.  

To develop improved e l a s tomer i c  materials for  use  as packers,  
'0 '  r i n g ,  c a b l e  in su la t ion  and blowout p reven te r s  i n  downhole 
ope ra t ions .  

To conduct R&D and make a v a i l a b l e  seals f o r  long term use  
between 250 and 500°F. 

I 
I 

I 



TABLE 2 (CONTINUED) 

STANDARD TECHNICAL AREA 3-2: MATERIALS 

_- 
IITRE 
:ODE 

3-2-11 

3-2-12 

3-2-13 

METALS 

3-2-14 

3-2-15 

3-2-16 

3-2-17 

3-2-18 

3-2-19 

CONTRACTOR PROJECT TITLE 

High Temperature 
Elastomers 

Development of Well 
Logging Elastomers 

Geothermal Sea l  
Symposium - Boston 

Lron-Base Alloys 
Iersus Al t e rna te  
t a t e r i a l s  

2o r ros iv i ty  of 
3r ine  

:asing and D r i l l  
Pipe Mater ia ls  

P i t t i n g  Res i s t an t  
Alloys Development 
and Pianagement 

Materials Test ing 
and Development 
Subcontracts  - RFP 

Geopressured HIP 
Materials Develop- 
ment, Commerciali- 
za t ion  and 
Subcontracts  

L'Garde 
Inc .  

Hughes 
Ai rc ra f t  

Am. S O C .  

Tes t .  Mats. 

Pac i f i c  
Northwest 
Labs. 

Oak Ridge 
Nat.  Lab. 

Case 
Western 
Reserve 

Srookhaven 
National 
Laboratory 

Brookhaven 
National 
Laboratory 

B rookhaven 
National 
Laboratory 

CONTRACT 
NUMBER 

I 

- 

C031308 

C031325 

_ _  
__ 

4511830 

05ENG26 

5022602 

cnzon16 

C020016 

C0200 16 

TECHNICAL OBJECTIVE 

To develop elastomer compounds f o r  t h e  high temperature geother- 
m a l  casing packers, 'O'  r i n g  and o the r  s t a t i c  app l i ca t ion .  Goal 
requirements are 24 hours a t  260OC b r i n e .  

S imi l a r  t o  preceeding p r o j e c t  except  t h a t  t r i a l s  a r e  performed 
on d i f f e r e n t  chemical bases .  

To review s t a t e  of the  a r t  of seal  research and seal  problems i n  
geothermal app l i ca t ions  t o  a r r i v e  a t  recommendations f o r  
so lu t ions .  It t akes  p l ace  e a r l y  October 1978. 

To cha rac t e r i ze  the  c o r r o s i v i t y  of varying geothermal b r ines  on 
iron-base a l l o y s  a s  compared t o  s e v e r a l  co r ros ion - re s i s t an t  a l l o y s  
and t o  e s t a b l i s h  the  b r i n e  temperature and chemistry l i m i t a t i o n s  
a t  which economical iron-base a l l o y s  w i l l  be use fu l .  

To  conduct research on t h e  c o r r o s i v i t y  wi th  r e spec t  t o  metals of 
s y n t h e t i c  b r i n e s .  

To improve performance of cas ing ,  tub ing ,  d r i l l  p ipe  and o the r  
darnhole  components i n  sour aggressive environments. 
i nc rease  r e l i a b i l i t y  i n  se rv i ce  aga ins t  sulphide stress 
cracking and/or  ch lo r ide  cracking. 

To  devel-op p i t t i n g  and loca l i zed  corrosion r e s i s t a n t  m a t e r i a l s  
f o r  p ipes  and pressure v e s s e l s  and t o  manage o the r  metal  R&D 
subcont rac ts .  

To  develop high temperature (350-4OO0C), f r a c t u r e  toughness,  
and f a t i g u e  r e s i s t a n t  m a t e r i a l s  f o r  dynamic p a r t s  i n  pumps 
and borehole technology. 

To develop low c o s t ,  c l ad  (ho t  i s o s t a t i c  pressed ,  H I P ) ,  corro- 
s i o n  r e s i s t a n t  cas ing  materials f o r ,  p r imar i ly ,  geopressured 
app l i ca t ions .  

Goal i s  t o  



The development and e v a l u a t i o n  of non-meta l l ic  c o n s t r u c t i o n  

materials such  as c o n c r e t e ,  polymer-concrete and polymer l i n i n g  i n  

polymer-lined p r e s s u r e  v e s s e l s  f o r  u s e  i n  b o t h  e l ec t r i c  g e n e r a t i o n  

and n o n - e l e c t r i c  a p p l i c a t i o n s  are a l s o  managed by BNL.  

High tempera ture ,  h i g h  s t r e n g t h  s e a l - m a t e r i a l s  f o r  u s e  i n  

d r i l l i n g  and w e l l  complet ion o p e r a t i o n s ,  and w e l l  logging equipment 

such as '0 '  r i n g s , p a c k e r s ,  blowout p r e v e n t e r s ,  e t c .  are b e i n g  

developed and t e s t e d  by J e t  P r o p u l s i o n  L a b o r a t o r i e s  (JPL),  L'Garde,  

and Hughes A i r c r a f t .  The involvement of t h e s e  aerospace  l a b o r a t o r i e s  

is b e n e f i c i a l  because  of t h e i r  known f a m i l i a r i t y  w i t h  seal  mater ia l s  

under  adverse  c o n d i t i o n s .  Although seals are used only i n  r e l a t i v e l y  

s m a l l  q u a n t i t i e s ,  t h e i r  development r e q u i r e s  such a h igh  level  of 

molding and t r e a t m e n t  technology,  a long  w i t h  such t e d i o u s  procedures  

as t r i a l  and e r r o r  combinat ions of numerous i n g r e d i e n t s  t h a t  t h e  R&D 

Success rate i s  q u i t e  low. The JPL, L'Garde, and Hughes p r o j e c t s  have 

n o t  been s u c c e s s f u l  and w i l l  t h e r e f o r e  be d i s c o n t i n u e d  a t  t h e  end of 

FY78. The development of a l t e r n a t e  sea l  materials ( o t h e r  t h a n  

e las tomer- r ich)  program w i l l  b e  i n i t i a t e d  i n  EY79 and w i l l  be  managed 

by BNL. 

Among t h e  d i f f e r e n t  k i n d s  of materials used i n  geothermal  

a p p l i c a t i o n s ,  metals are predominant.  Thus, t h e  development work i n  

t h i s  sub-area could b e  expec ted  t o  have s u b s t a n t i a l  pay-of fs .  The 

g e n e r a l  e f f o r t  i n  t h e  development of geothermal  materials f o r  commer- 

c i a l i z a t i o n  i s  managed by BNL. The a p p l i c a b i l i t y  of i ron-based a l l o y s ,  
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which are t h e  most common and t h e r e f o r e  t h e  f i r s t  c h o i c e  u n l e s s  proven 

o t h e r w i s e ,  is  examined a g a i n s t  a l te rna t ive  more e x o t i c  materials by 

P a c i f i c  Northwest Labora tory  (PNL) . A t h e o r e t i c a l  s t u d y  completed i n  

F i s c a l  Year 1977 ( N 7 7 )  on t h e  c o r r o s i v i t y  of b r i n e  has  been c a r r i e d  

out  a t  t h e  Oak Ridge N a t i o n a l  Labora tory .  The f u n c t i o n a l  a s p e c t s  of 

metals as a p p l i e d  t o  w e l l  c a s i n g  and d r i l l  p i p e  are be ing  s t u d i e d  by 

Case Western Reserve U n i v e r s i t y .  The e f f o r t s  i n  metal development 

c i t e d  s o  f a r  are  thought  t o  b e  inadequate ;  hence,  t h r e e  a d d i t i o n a l  

p r o j e c t s  are planned f o r  f u t u r e  y e a r s .  S t r u c t u r a l  materials, small 

component materials, and materials f o r  geopressured  a p p l i c a t i o n s  w i l l  

b e  managed by BNL s t a r t i n g  i n  FY80. 

The r e s u l t s  from a l l  t h e  above e f f o r t s  w i l l  b e  condensed i n  a 

Materials Design Handbook which i s  b e i n g  compiled and e d i t e d  by 

t h e  Radian Corpora t ion .  

T a b l e  2 a l s o  c o n t a i n s  i n f o r m a t i o n  about  p r o j e c t  c o n t r a c t o r s ,  

c o n t r a c t  numbers, and t e c h n i c a l  o b j e c t i v e s .  D e t a i l e d  p r o j e c t  c o s t s  

are i n c l u d e d  i n  Appendix A.  

2 .1 .3  S tandard  T e c h n i c a l  Area 3-3: Measurement, T e s t i n g  and 
P r o c e s s  C o n t r o l  

There are e i g h t  c u r r e n t  and f u t u r e  p r o j e c t s  i n  t h i s  area. 

T h e i r  pr imary o b j e c t i v e  is  t o  deve lop  s e n s o r s  and compat ib le  i n s t r u -  

ments f o r  use  i n  h i g h  t e m p e r a t u r e  and c o r r o s i v e  environments ,  and 

t o  develop methods for chemical  a n a l y s i s  of t h e  b r i n e .  The p r o j e c t s  

are l i s t e d  i n  Table  3. 

The P a c i f i c  Northwest L a b o r a t o r i e s  (PNL) i s  managing t h e  
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c 
03 

MITRE 
CODE 

3-3-01 

3-3-02 

3-3-03 

3-3-04 

3-3-05 

3-3-06 

3-3-07 

3-3-08 

PROJECT TITLE 

Sampling and A n a l y s i s  
Techniques 

Assessment of 
Geothermal  B r i n e  

Geochemical C o n t r o l s  
and I n s t r u m e n t s  
A p p l i c a t i o n  

R e s e r v o i r  In -L ine  
Monitor  R&D 
S u b c o n t r a c t s  - RFP 

Monitor  I n s t r u m e n t  
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TECHNICAL OBJECTIVE 

To d e v e l o p  recommended methods and p u b l i s h  a manual f o r  s ampl ing  
and a n a l y s i s  of geothermal  f l u i d s  and  g a s e s  i n  o r d e r  t o  a s s u r e  
a c c u r a c y ,  r e l i a b i l i t y  and i n t e r - c o m p a r a b i l i t y  o f  r e p o r t e d  r e s u l t s .  

To form commit tee  t o  s tudy  and recommend t h e  t y p e s  of i n s t r u m e n t a -  
t i o n  which can  be used i n  g e o t h e r m a l  w e l l s  t o  mon i to r  changes i n  
t h e  b r i n e  c h a r a c t e r i s t i c s  as a f u n c t i o n  of t i m e .  

To deve lop  e l e c t r i c a l  and e l e c t r o c h e m i c a l  p r o b e s  t h a t  c a n  measure 
C02, pH, o x i d a t i o n - r e d u c t i o n  p o t e n t i a l ,  c o n d u c t i v i t y ,  c o r r o s i v i t y ,  
s u l f i d e  i o n  c o n c e n t r a t i o n ,  h e a t  t r a n s p o r t ,  and scale t h i c k n e s s  
unde r  h i g h  t e m p e r a t u r e ,  h i g h  p r e s s u r e  c o n d i t i o n s  of geo the rma l  
w e l l  and a s s o c i a t e d  p ip ing .  

To s u b c o n t r a c t  i n d u s t r i e s  i n  R&D t o  i d e n t i f y  v a r i o u s  i n s t r u m e n t a -  
t i o n  t e c h n i q u e s  t h a t  a r e  s u i t a b l e  t o  mon i to r  r e s e r v o i r  and w e l l  
b o r e  c o n d i t i o n s .  

To conduct  f i e l d  tests and t o  commerc ia l i ze  measuring i n s t r u m e n t s  
f o r  c o n t i n u o u s  mon i to r ing  of r e s e r v o i r  and w e l l  c o n d i t i o n s .  

To t e s t  e x i s t i n g  c a b l e  m a t e r i a l s  i n  s h o r t  l e n g t h s  f o r  c a p a b i l i t y  
i n  d a t a  and c u r r e n t  t r a n s m i s s i o n .  

To p r o v i d e  materials t o  upgrade  s ta te  of t h e  a r t  c a b l e s  f o r  h i g h  
t e m p e r a t u r e  downhole a p p l i c a t i o n s .  

To d e t e r m i n e  t h e  p r a c t i c a l i t y  of u s i n g  n o n - d e s t r u c t i v e  t e c h n i q u e  
f o r  d e t e c t i n g  i n c i p i e n t  c r a c k s  of d r i l l  p i p e s .  



development of s e n s o r s ,  probes and i n - l i n e  monitor  i n s t r u m e n t s ,  and 

p r e p a r i n g  documentation f o r  s t a n d a r d i z a t i o n  of chemical  a n a l y s i s  and 

sampling techniques .  The i n s t r u m e n t a t i o n  a c t i v i t i e s  of PNL are 

suppor ted  by a s t u d y  performed by t h e  N a t i o n a l  Academy of S c i e n c e s  

(NASI. Other  p r o j e c t s  i n  t h i s  area i n c l u d e  a technology t r a n s f e r  

s t u d y  on a n o n - d e s t r u c t i v e  e v a l u a t i o n  technique  by Daedalean Assoc- 

i a t e s ,  I n c .  (DAI), a tes t  s t u d y  on t h e  e x i s t i n g  da ta  and c u r r e n t  

t r a n s m i s s i o n  c a b l e  materials by Sandia  L a b o r a t o r i e s ,  and upgrading 

t h e s e  c a b l e  materials by Brookhaven N a t i o n a l  Laboratory (BNL). 

Table  3 a l s o  c o n t a i n s  i n f o r m a t i o n  about  p r o j e c t  c o n t r a c t o r s ,  

c o n t r a c t  numbers, and t e c h n i c a l  o b j e c t i v e s .  D e t a i l e d  p r o j e c t  c o s t s  

are i n c l u d e d  i n  Appendix A. 

2 . 1 . 4  S tandard  T e c h n i c a l  Area 3-4: Waste Management 

P r o j e c t s  and p o t e n t i a l  p r o j e c t s  i n  t h e  Waste Managenent area 

cover  t h r e e  areas of concern: ( i )  recovery  and d i s p o s a l  of g a s e s  and 

m i n e r a l s ,  ( i i )  w a s t e  water and waste h e a t  u t i l i z a t i o n ,  and ( i i i )  f l u i d  

i n j e c t i o n  o p e r a t i o n s .  

i n  FY1978 and hence i n  some i n s t a n c e s  are n o t  y e t  completely planned 

o r  n o t  y e t  under c o n t r a c t .  

The waste management a c t i v i t i e s  were i n i t i a t e d  

The funding  i n  FY78 f o r  t h e  Waste Management area s u p p o r t s  on ly  

5 p r o j e c t s .  Recovery and u t i l i z a t i o n  of wastes,  i n c l u d i n g  t h e  pre- 

p a r a t i o n  of a geochemical e n g i n e e r i n g  and p r o c e s s  handbook, are 

a u t h o r i z e d  b u t  c o n t r a c t o r s  have n o t  y e t  been s e l e c t e d .  

u s e  i n  t h e  i n j e c t i o n  w e l l  s t i m u l a t i o n  are  b e i n g  i n v e s t i g a t e d  by Vetter 

Chemicals f o r  



A s s o c i a t e s  and Oklahoma U n i v e r s i t y .  The impor tan t  c h a r a c t e r i s t i c s  of 

t h e  i n j e c t i o n  f l u i d  are s t u d i e d  by PNL. 

Three a d d i t i o n a l  f u t u r e  p r o j e c t s  such as waste u t i l i z a t i o n  p r o c e s s  

s u b c o n t r a c t i n g ,  i n t e r - r e g i o n a l  c o o r d i n a t i o n  i n  w a s t e  disposa1,and 

c o n s t r u c t i o n  of a 1 MW tes t  u n i t  are planned o r  under c o n s i d e r a t i o n .  

C o n t r a c t o r s  f o r  t h e s e  p r o j e c t s  are y e t  t o  b e  i d e n t i f i e d .  

The e i g h t  p r o j e c t s  i n  t h i s  area are l i s t e d  i n  Table  4 t o g e t h e r  w i t h  

t h e i r  known c o n t r a c t o s ,  c o n t r a c t  numbers, and t e c h n i c a l  o b j e c t i v e s .  

Curren t  and f u t u r e  c o s t s  of t h e s e  p r o j e c t s  are i n c l u d e d  i n  Appendix A. 

2 . 2  P r o j e c t  C l a s s i f i c a t i o n ,  Subelements 

P r o j e c t s  i n  t h e  f o u r  s t a n d a r d  t e c h n i c a l  areas were re-examined i n  

terms of s p e c i f i c  o b j e c t i v e s  o r  g o a l s .  I t  w a s  found t h a t  some p r o j e c t s  

a l o n e  w i l l  n o t  g e n e r a t e  p r a c t i c a l  impacts  upon t h e i r  completion. They 

have t o  b e  a s s o c i a t e d  w i t h  o t h e r  p r o j e c t s  b e f o r e  p r a c t i c a l  impacts  can be 

r e a l i z e d .  For  example, p r o j e c t  3-1-01, S c a l e  Formation Modeling, 

r e q u i r e s  i n p u t s  from p r o j e c t s  "Mineral  S o l u b i l i t y  Data" (3-1-02) and 

"Hydrodynamic/Kinetic R e a c t i o n  Engineer ing  R&D" (3-1-03). Hence t h e s e  

p r o j e c t s  were combined i n t o  a subelement w i t h  a n  i d e n t i f i a b l e  common 

g o a l ,  namely t h e  development of a s c a l i n g  p r e d i c t i o n  method. 

The in te rdependence  of t h e  p r o j e c t s  i n  t h e  above cxample i s  

i l l u s t r a t e d  i n  F i g u r e  1. S i n c e  t h e  r e s u l t i n g  subelement I s  t h e  f i r s t  

u n i t  i n  t h e  S tandard  T e c h n i c a l  Area 3-1, i t  i s  coded as subelement 

3-1-A. 

Aggregat ion w i t h  r e s p e c t  t o  common g o a l s  w a s  done a c r o s s  t h e  45 
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i n g  sys t ems  t o  c o n t r o l  and r e c o v e r  gaseous  and s o l i d  c o n s t i t u e n t s .  

To i n v e s t i g a t e  e x i s t i n g  t echno logy  t o  deve lop  a l t e r n a t e  d i s p o s a l  
methods f o r  and p r e t r e a t m e n t  of i n j e c t i o n  f l u i d .  

To c o o r d i n a t e  r e g i o n a l  e f f o r t s  i n  s o l v i n g  waste d i s p o s a l  problems.  

To b u i l d  a mob i l  t es t  u n i t  t o  p r o v i d e  s i t e  s p e c i f i c  d a t a  on i n j e c t i o n  
f l u i d s  and i n j e c t i o n  w e l l  f low.  
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p r o j e c t s  i n  t h e  Geochemical and Materials Engineer ing  program. Twenty 

one subelements  were formed. They are l i s t e d  i n  F i g u r e  2.  

I f  a p r o j e c t  can produce i d e n t i f i a b l e  i n p a c t s  by i t s e l f ,  i t  a l o n e  

forms a subelement .  I n  a few cases where a p r o j e c t  o r  a group of 

p r o j e c t s  t h a t  form a subelement are r a t h e r  remote from a q u a n t i f i a b l e  

g o a l ,  a d d i t i o n a l  p r o j e c t ( s )  and costs were p o s t u l a t e d .  The r e s u l t i n g  

2 1  a n a l y s e s ,  one f o r  e a c h  subelement ,  are i n c l u d e d  i n  Appendix A .  

These a n a l y s e s  fol lowed a common procedure ,  d e s c r i b e d  i n  S e c t i o n  

3 . 0 .  

2 3  



P R O G P M  3 

GEOCHEHICAL AND MATERIALS ENGINEERING 
I 

TECHNICAL AREA 3-1 

WASTE MANAGEHEm 

I I L , I I 

3-2-8 

Cement 

3-2-02 

3-2-04 3 3-2-05 

3-2-03 

3-3-A 
Sampling 6 
Analysis 

3-3-01 

3-2-A 
Materials 
Handbook 

3-2-01 

Scaling Prediction 

I 3-1-01 
3-1-02 
3-1-03 

3-1-8 
Scaling Test Loop 

Additional 

3-2-C I Non Metallic I 
Construction Utilization 

3-4-03 
3-4-04 

Materials 

3-2-10 
3-2-11 
3-2-12 

3-3-02 3-3-05 
3-3-03 3-3-06 1 3-3-06 3-3-07 3-02-07 

3-02-08 
Xech. of 

10 c 3-3-c 
Drill Pipe 

3-3-08 

3-2-F 
Casing & 

3-2-16 

3-1-07 I 
3-3-09 El 3-1-0 

3-1-08 

1 
3-2-H 

Dynamic 

3-2-18 

1 

r1 t Ling 
R e s 1 5  tant 
Alloys 

3-I-F 

3-1-04 
3-1-05 

Additional 

HIP Casing 

3-2-19 

FIGURE2 
ORGANIZATION OF THE PROJECTS OF 

THE GEOCHEMICAL 8 MATERIALS ENGINEERING PROGRAM 



3.0 METHOD OF ANALYSIS 

The purpose of t h e  a n a l y s i s  w a s  t o  c a l c u l a t e  t h e  f i g u r e s  of merit 

f o r  each subelement .  To do s o  a number of i n t e r m e d i a t e  t a s k s  w e r e  

c a r r i e d  o u t .  These t a s k s  are  describ.ed h e r e  i n  s e q u e n t i a l  o r d e r :  

3.1 I d e n t i f i c a t i o n  of Subelement Goal 

The g o a l  of t h e  subelement w a s  i n t e r p r e t e d  from t h e  o b j e c t i v e s  of 

t h e  p r o j e c t s  conta ined  i n  t h e  subelement .  The developed g o a l  had t o :  

0 Represent  and i n c l u d e  t h e  R&D r e s u l t s  t h a t  t h e  p r o j e c t s  
are in tended  t o  achieve .  

0 B e  a method, p r o c e s s ,  technology,  o r  a p i e c e  of hard- 
ware which i s  commercial izable  and, t h e r e f o r e ,  would 
produce an i d e n t i f i a b l e  cos t - reducing  impact on 
geothermal  e l e c t r i c i t y  product ion  systems.  

3 .2  Subelement Cos ts  

Subelement c o s t s  are t h e  t o t a l  R&D c o s t s  of a l l  t h e  p r o j e c t s  

conta ined  i n  t h e  subelement.  These c o s t s  i n c l u d e  sunk and planned 

c o s t s .  The sunk c o s t s  ( p r i o r  t o  FY78) and planned c o s t  f o r  FY78 w e r e  

t aken  from t h e  DGE Management Informat ion  System (MIS) s h e e t s  

Cos ts  planned f o r  F i s c a l  Years 1979-1983 were provided by DGE 

(3-5) 

o f f i c i a l s .  S i n c e  c o s t s  f o r  a F i s c a l  y e a r  were provided i n  c u r r e n t  

y e a r  d o l l a r s ,  t h e  c o s t s  were d i s c o u n t e d  t o  1978 d o l l a r s ,  a t  a ra te  of 

10% p e r  y e a r  by: 

1978-Current y e a r  P r e s e n t  Value (1978) = Current  y e a r  c o s t  x (1.10) 

For  example, P.V. (1978) of $300K planned f o r  subelement 3-1-A i n  

FY82 is :  

1978-1982 = $225K $300K (1.10) 
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Other  c o s t s  f o r  Subelement 3-1-A are shown, as an  i l l u s t r a t i o n ,  i n  

T a b l e  5 where t h e  " P r i o r  77" c o s t  w a s  assumed t o  b e  FY 76 c o s t  because 

i t s  breakdown w a s  n o t  a v a i l a b l e .  

3.3 I d e n t i f i c a t i o n  of Impacted Parameters  

Before t h e  b e n e f i t s  of t h e  subelement could b e  e s t i m a t e d ,  i t  w a s  

n e c e s s a r y  t o  i d e n t i f y  t h e  geothermal  energy system parameters  which 

would b e  impacted by subelement r e s u l t s .  These parameters  were 

i d e n t i f i e d  by examining t h e  p r o j e c t  o b j e c t i v e s ,  subelement g o a l ,  and 

i n f o r m a t i o n  about  t h e  p r o j e c t s  s u p p l i e d  by t h e  c o n t r a c t o r s .  For  

example, the  product  of subelement 3-1-A ( F i g u r e  2 ) ,  which i s  a method 

t o  q u a n t i f y  t h e  s c a l i n g  tendency of geothermal  b r i n e ,  w a s  found t o  

reduce  t h e  O&M c o s t s  of w e l l s ,  deep w e l l  pumps, p i p i n g  system, and 

h e a t  exchangers ,  and a l s o  overdes ign  and, consequent ly ,  t h e  c a p i t a l  

c o s t  of h e a t  exchangers .  These a f f e c t e d  c o s t s  are t h e  "impacted 

parameters ' '  of t h e  subelement .  

Impacted parameters  were i d e n t i f i e d  from among a l l  t h e  parameters  

which might have e f f e c t s  on e l e c t r i c i t y  c o s t .  Hence, as i n i t i a l l y  

i d e n t i f i e d ,  they might n o t  b e  n e c e s s a r i l y  t h e  same as t h e  i n p u t  

v a r i a b l e s  of t h e  GEOBEN b e n e f i t s  model used t o  q u a n t i f y  t h e  e f f e c t s .  

The c a p i t a l  c o s t  of h e a t  exchangers  mentioned above, s a y ,  i s  p a r t  of 

a GEOBEN i n p u t  v a r i a b l e  c a l l e d  "Cost of Process  Mechanical ( U t i l i t y ) . "  

When t h i s  o c c u r r e d ,  t h e  a p p r o p r i a t e  mathematical  r e l a t i o n s h i p  between 

t h e  impacted parameters  and i n p u t  v a r i a b l e s  of t h e  b e n e f i t  model had 

t o  b e  worked o u t .  
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PROJECT 
CODE . 

PRIOR 
77 
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0 

0 
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77 
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0 

0 
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TABLE 5 

COSTS BY FISCAL YEAR FOR SUBELEMENT 3-1-A 

TOTAL 
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0 

0 
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7 8  
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150 
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1420 
1291 

80 

300 

0 

300 
273 

8 1  

300 

500 

800 
6 6 1  

82  

300 

300 
225 

8 3  
TOTAL 
78 - 
1300 

356 

1670 

3326 
2956 
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3 . 4  E s t i m a t i o n  of t h e  Magnitude of Impacts  on System Parameters  

"System Parameters"  h e r e  are t h e  i n p u t  v a r i a b l e s o f  t h e  b e n e f i t  

model. The impacts  on system parameters  were e s t i m a t e d  by comparing 

t h e  c o s t s  o r  performance of c u r r e n t  technology w i t h  those  of t h e  new 

technology t o  be developed by t h e  R&D subelement .  For example, t h e  

a n a l y s i s  i n  Appendix A i n d i c a t e s  t h a t  t h e  product  of Subelement 3-1-A, 

i f  brought  t o  p r a c t i c e  and used ,  would reduce  t h e  c a p i t a l  c o s t  of 

h e a t  exchangers  by between 15 and 25 p e r c e n t .  

S i n c e  t h e  a n a l y s i s  i s  p r i m a r i l y  an  estimate of f u t u r e  impacts ,  

e s t a b l i s h m e n t  of a b s o l u t e  magnitudes w a s  imposs ib l e .  It was deemed 

a p p r o p r i a t e  t o  p o s t u l a t e  a range  of changes r a t h e r  than  a s i n g l e -  

va lued  change, e . g . ,  t h e  change from -15% t o  -25% i n  t h e  h e a t  

exchanger  c o s t  above. 

of P r o c e s s  Mechanical ( U t i l i t y  P l a n t )  by m u l t i p l y i n g  i t  by a known 

T h i s  w a s  conver ted  t o  t h e  change i n  the"Cost 

II 

f a c t o r  0.60. The f a c t o r  0.6 i s  t h e  r a t i o  of  h e a t  exchanger  c o s t  t o  

t o t a l  p r o c e s s  mechanical  e q u i p m e n t ( u t i 1 i t y  p l a n t )  c o s t .  Thus t h e  impacts  

on t h e  system parameter  "Process  Mechanical ( U t i l i t y )  Cost' '  of Sub- 

element 3-1-A are somewhere between -9% and -15%. 

The f a c t o r  0 . 6  used above s i m p l i f i e d  t h e  c a l c u l a t i o n  markedly.  

However such f a c t o r s  are n o t  always a v a i l a b l e .  I n  many c a s e s ,  exten-  

s ive a n a l y s e s  were performed b e f o r e  t h e  b e n e f i t  model i n p u t s  could b e  

worked o u t .  Two cases which d e s e r v e  some a t t e n t i o n  are subelements  

3-2-D and 3-2-H. The expec ted  r e s u l t s  of t h e s e  two subelements  are 

improved e l a s t o m e r i c  seals and improved dynamic me ta l l i c  component 

materials.  T h e i r  impacted parameters  are  t h e  c o s t  and l i f e  of d r i l l  
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b i t s  and t h e  d r i l l i n g  rate of p e n e t r a t i o n .  To re la te  t h e  impacts  on 

t h e s e  parameters  t o  t h e  impacts  on t h e  system parameter  " w e l l  c o s t " ,  

i t  w a s  n e c e s s a r y  t o  u s e  a computer model c a l l e d  WELCST (6)  t h a t  had 

been developed t o  a n a l y z e  impacts  of R&D p r o j e c t s  on geothermal  

d r i l l i n g  c o s t s  ( s e e  Volume I1 of t h i s  r e p o r t ) .  

A s  s t a t e d  above, t h e  estimates of t h e  magnitude of impacts  r e l i e d  

h e a v i l y  on d i s c u s s i o n s  w i t h  t h e  R&D c o n t r a c t o r s  and DGE Program Mana- 

g e r s ,  and on p u b l i s h e d  and unpubl i shed  c o n c e p t u a l  a n a l y s e s  and R&D 

tes t  r e s u l t s .  

3 .5  Impact Year 

The impact y e a r  of t h e  subelement i s  t h e  y e a r  when t h e  r e s u l t s  

of t h e  subelement  can be used and commercialized. I t  w a s  determined 

from t h e  r e p o r t e d  c o n t r a c t o r ' s  s c h e d u l e .  

The GEOBEN b e n e f i t s  model assumes t h a t  an  e n g i n e e r i n g l t e c h n o l o g y  

improvement must b e  a v a i l a b l e  f o r  two y e a r s  p r i o r  t o  t h e  "on-line" 

d a t e  f o r  a geothermal  power p l a n t  i n  o r d e r  t o  b e  i n c o r p o r a t e d  i n t o  

and reduce  t h e  c o s t  of t h e  p l a n t .  Thus, an improved h e a t  exchanger 

a v a i l a b l e  a t  t h e  s t a r t  of 1985 ( impact  y e a r )  would b e  i n c o r p o r a t e d  

only  i n t o  p l a n t s  going i n t o  service a t  t h e  end of 1986 ( o n - l i n e  y e a r )  

and l a te r .  

3 .6  Degree of Success  

The impacts  on system parameters  of t h e  subelement  were e s t i m a t e d  

by assuming t h a t :  
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. The R&D ac t iv i t ies  w i l l  b e  s u c c e s s f u l l y  completed and 
t h e i r  o b j e c t i v e s  are w i l l  b e  achieved .  

. Other  p r o j e c t s  o r  subelements  which impact t h e  same 
system parameters  w i l l  n o t  a f f e c t  t h e  use  o f  t h e  new 
technology developed i n  t h e  subelement under consi-  
d e r a t i o n .  

Thus t h e  b e n e f i t  e s t i m a t e d  f o r  each  subelement might b e  i d e a l i s t i c .  

It  n e g l e c t s  p a r t i a l  s u c c e s s  o r  l a c k  of s u c c e s s  d u r i n g  R&D e f f o r t s ,  

and assumes t h a t  t h e  product  of R&D w i l l  i n  f a c t  b e  used i n  a l l  p l a n t s  

where i t  could b e  used .  To account  f o r  l o s s e s  between R&D g o a l s  and 

commercial u s e  of R&D p r o d u c t s ,  a "degree of successl l  w a s  e s t i m a t e d  

f o r  each subelement .  

The Degree of Success  of a subelement  i s  d e f i n e d  as a f a c t o r  t h a t  

i n c l u d e s  t h e  p o s s i b i l i t y  of p a r t i a l  s u c c e s s  and p a r t i a l  u s e  of t h e  

subelement r e s u l t s .  I t  was e s t i m a t e d  by examining t h e  R&D approach 

and by e s t i m a t i n g  t h e  s h a r e  of market of t h e  r e s u l t i n g  technology 

re la t ive  t o  e x i s t i n g  technology and technology c u r r e n t l y  b e i n g  

developed.  The estimate a l so  cons idered  market f a c t o r s  which are n o t  

cons idered  i n  t h e  GEOBEN b e n e f i t s  mode. 

A subelement  t h a t  i n v o l v e s  b a s i c a l l y  compil ing measurements and 

d i s s e m i n a t i n g  c o l l e c t e d  i n f o r m a t i o n ,  such as subelement 3-1-A,  would 

have a degree  of s u c c e s s  of 1.0 because ,  a l t h o u g h  t h e  d isseminated  

i n f o r m a t i o n  might n o t  b e  a c c u r a t e ,  t h e r e  i s  no g r e a t  reason  f o r  t h e  

t a s k  of making t h e  measurements and r e p o r t i n g  them t o  be p a r t i a l l y  

s u c c e s s f u l .  Another subelement which i n v o l v e s  t h e  development of 

polymer c o n c r e t e  f o r  c o a t i n g  p i p i n g  and p r e s s u r e  vessel  w a l l s  t o  

p r o t e c t  a g a i n s t  c o r r o s i o n  would s h a r e  t h e  market w i t h  a subelement 

30 



i n v o l v i n g  t h e  development o f  c o r r o s i o n  r e s i s t a n t  metals f o r  p i p i n g  

and p r e s s u r e  vessels.  The Degree of  Success  o f  t h e s e  two subelements  

might be  d i f f e r e n t  b u t  must add t o  u n i t y ,  o r  t o  less than u n i t y ,  

i f  t he  R&D approaches of e i t h e r  one o r  bo th  seem u n l i k e l y  t o  ach ieve  

t h e i r  g o a l s .  

Es t ima t ing  t h e  Degree of  Success  w a s  f a c i l i t a t e d  by d i v i d i n g  

t h e  r e q u i r e d  R&D work i n t o  s i x  d i f f e r e n t  ( o f t e n  s e q u e n t i a l )  t ypes  

of R&D a c t i v i t i e s .  These types  of work are based i n  p a r t  on t h e  

Department of Defense Ca tegor i e s  f o r  d e s c r i b i n g  de fense  R&D p r o j e c t s ,  

w i t h  m o d i f i c a t i o n s  t o  match s p e c i a l  c h a r a c t e r i s t i c s  of DGE program 

p o l i c i e s  (1 ) .  

The s i x  types  of work are:  

( i )  P re l imina ry  Study -. I n i t i a l  ana1ysi.s and R&D t e c h n i c a l  
p l ann ing  e f f o r t s  t o  de te rmine  t h e  g e n e r a l  mer i t  o f  new 
R&D concep t s .  Th i s  may i n c l u d e  l i t e r a t u r e  s e a r c h e s ,  
g a t h e r i n g  o f  e x p e r t  o p i n i o n ,  technology f o r e c a s t i n g ,  e t c .  
The product  of such  s t u d i e s  i s  adv ice  about  what ,  i f  any,  
R&D e f f o r t s  should  be  under taken  t o  develop t h e  concept  
i n t o  a commercially u s e f u l  p roduc t .  

( i i )  Basic Research - S c i e n t i f i c  s t u d y  and expe r imen ta t ion  
d i r e c t e d  toward i n c r e a s i n g  knowledge and unde r s t and ing  
i n  those  f i e l d s  of  s c i e n c e  r e l a t e d  t o  long-term geothermal  
energy  p roduc t ion  needs .  
f o r  t h e  s o l u t i o n  of i d e n t i f i e d  t e c h n i c a l  and e n g i n e e r i n g  
problems. 
t i o n  and development of  advanced technology and new o r  
improved f u n c t i o n a l  c a p a b i l i t i e s .  

It p rov ides  fundamental  knowledge 

I t  a l s o  p rov ides  p a r t  o f  t h e  b a s e  f o r  explora-  

( i i i )  Exp lo ra to ry  Development - The dominant c h a r a c t e r i s t i c  
of  t h i s  type  o f  e f f o r t  i s  t h a t  i t  i s  p o i n t e d  toward 
s p e c i f i c  geothermal  technology problem areas and oppor- 
t u n i t i e s  t o  developed proposed s o l u t i o n s ,  de t e rmin ing  
t h e i r  parameters, and e v a l u a t i n g  t h e i r  f e a s i b i l i t y  and 
p r a c t i c a l i t y .  Such e f f o r t s  v a r y  from f a i r l y  fundamental  
a p p l i e d  r e s e a r c h  t o  q u i t e  s o p h i s t i c a t e d  broad-based 
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hardware,  s t u d y ,  p r o g r a m i n g ,  and p l ann ing  e f f o r t s .  Such 
e f f o r t s  t hus  may i n c l u d e  minor eng inee r ing  and development 
work t o  prove t h e  f e a s i b i l i t y  of  t e c h n i c a l  components o f  
a proposed s o l u t i o n  if c a r r i e d  o u t  t o  assess t h e  v a l u e  of 
t h e  system as a whole. The main o u t p u t  of  such  e f f o r t s  
are paper  r e p o r t s  of des igns  and a n a l y s e s  of  des igns  of  
new o r  improved technology f o r  producing o r  u t i l i z i n g  
geothermal energy.  Eva lua t ion  o f  t h e  v a l u e  o f  t h e s e  out-  
p u t s  relies on e x p e r t  review and development of consensus 
w i t h i n  t h e  t e c h n i c a l  branches  o f  t h e  Div i s ion  of Geothermal 
Energy. 

Advanced Devedopment - Inc ludes  a l l  p r o j e c t s  which have 
moved i n t o  t h e  development of  hardware f o r  exper imenta l  
and eng inee r ing  tests.  These p r o j e c t s  r e s u l t  i n  hardware 
dev ices  t h a t  are viewed as eng inee r ing  p r o t o t y p e s  which have 
geomet r i ca l  s i m i l a r i t y  b u t  are smaller i n  s i z e  than  p roduc t s  
des igned  t o  be components of  geothermal  energy e x t r a c t i o n  
o r  p roduc t ion  systems.  Eva lua t ion  of these p r o t o t y p e  
dev ices  w i l l  t y p i c a l l y  be  based on e x p e r t  review of 
e n g i n e e r i n g  performance d a t a  provided  by t h e  c o n t r a c t o r  
who develops t h e  dev ice .  

Engineer ing  Development - These p r o j e c t s  develop hardware 
dev ices  w i t h  c h a r a c t e r i s t i c s  and performance on a scale 
deemed t o  be  a p p r o p r i a t e  f o r  components of  commercial 
geothermal  energy systems.  Eva lua t ion  o f  t h e s e  dev ices  
be  based on o p e r a t i o n a l  tests conducted by c o n t r a c t o r s  
o t h e r  than  t h e  deve loping  c o n t r a c t o r .  The emphasis is  
on ach iev ing  performance t h a t  s i g n i f i c a n t l y  reduces  t h e  
o v e r a l l  c o s t  o f  producing and u t i l i z i n g  geothermal  energy.  

Demonstrat ion and Commercial izat ion - A c t i v i t i e s  and 
p r o j e c t s  i n t ended  t o  induce  t h e  commercial s e c t o r  t o  
u t i l i z e  new technology w i t h  proven per formance/cos t  
improvements. Eva lua t ion  of t h e s e  a c t i v i t i e s  i s  based on 
a combinat ion of e x p e r t  op in ion  and technology u t i l i z a t i o n  
a s se s smen t . 

s t a g e  o r  s t a g e s  i n t o  which each  subelement f e l l  a t  t h e  

s t a r t  of  F.Y. 1978 w a s  e s t i m a t e d ,  and i n d i c a t e d  i n  t h e  a n a l y s i s .  

The l i k e l i h o o d  of  t e c h n i c a l  success  w a s  assumed, i n  g e n e r a l ,  t o  

i n c r e a s e  as a subelement moved through t h e  s t a g e s .  
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By t h e  t i m e  a subelement r e a c h e s  s t a g e  v, t h e r e  h a s  u s u a l l y  

been accumulated enough test da ta  t o  a l l o w  f a i r l y  good estimates 

of t h e  t e c h n i c a l  impact of  t h e  subelement on f u t u r e  e l e c t r i c  power 

systems.  The l i k e l i h o o d  of t e c h n i c a l  s u c c e s s  i s  t h e n  h i g h ,  and 

market p e n e t r a t i o n  f a c t o r s  t h e n  b e g i n  t o  dominate t h e  e s t i m a t e d  

Degree of  Success .  

3.7 F i n a l  C a l c u l a t i o n s  

The procedure up t o  t h e  p o i n t  genera ted  f o u r  q u a n t i t a t i v e  

estimates: R&D c o s t s ,  impacts  on system p a r a m e t e r s ,  y e a r  of  

impacts  and degree  of  s u c c e s s .  I n  t h e  subsequent  s t e p s  of t h e  

procedure ,  t h e  impacts  on system parameters  and y e a r  of  impact w e r e  

used as i n p u t s  t o  t h e  GEOBEN computer model t o  c a l c u l a t e  t h e  es t i -  

mated b e n e f i t .  

s e p a r a t e l y ,  cor responding  t o  t h e  p e s s i m i s t i c  and o p t i m i s t i c  

estimates of  t e c h n i c a l  impacts  on system parameters .  

P e s s i m i s t i c  and o p t i m i s t i c  estimates w e r e  made 

Each e s t i m a t e d  b e n e f i t  w a s  then  m u l t i p l i e d  by Degree of Success  

t o  f i n d  t h e  expec ted  b e n e f i t ,  t h e  c o s t  r e d u c t i o n  a c t u a l l y  a n t i c i p a t e d  

t o  occur .  

The f i n a l  b e n e f i t l c o s t  r a t i o s  were c a l c u l a t e d  by d i v i d i n g  t h e  

expec ted  b e n e f i t  by e s t i m a t e d  R&D c o s t s .  

w e r e  made f o r  d i f f e r e n t  purposes .  For purposes  of i n p u t s  t o  dec i -  

s i o n s  about  p r o j e c t  s e l e c t i o n ,  o n l y  c u r r e n t  (F.Y.78) p l u s  f u t u r e  

R&D c o s t s  are p laced  i n  t h e  decominator of  t h e  b e n e f i t / c o s t  r a t i o .  

This  forward-looking b e n e f i t / c o s t  r a t i o  i s  c a l l e d  t h e  "Figure  of 

Two estimates of R&D c o s t s  
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Merit". I t  does n o t  c o n s i d e r  sunk c o s t s ,  s p e c i f i c a l l y  t o  steer 

away from any tendency t o  throw good money a f t e r  bad. 

The second estimate of R&D c o s t s  inc luded  sunk c o s t s  as w e l l  

as c u r r e n t  p l u s  f u t u r e  c o s t s .  

t h e s e  t o t a l  c o s t s  i s  c a l l e d  t h e  " H i s t o r i c a l  F i g u r e  of Merit" 

t o  emphasize t h e  r e l a t ive  m e r i t  of each subelement through i t s  

e n t i r e  h i s t o r y ,  from a c t u a l  beginning  t o  predlicted c o n c l u s i o n s .  

The b e n e f i t l c o s t  r a t i o  based on 

Thus t h e  a n a l y s i s  cu lmina tes  i n  f o u r  estimates of b e n e f i t l c o s t  

r a t i o  which i n d i c a t e  t h e  i n f l u e n c e  of p e s s i m i s t i c  and o p t i m i s t i c  

e s t i m a t e s  of i m p a c t ,  and t h e  absence of presence  of c o n s i d e r a t i o n  

of sunk c o s t s .  
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4.0  RESULTS 

The r e s u l t s  of t h e  b e n e f i t / c o s t  a n a l y s i s  of t h e  Geochemical and 

Materials Engineer ing  program are shown i n  Tables  6-10. 

Table  6 p r e s e n t s  a m a t r i x  which maps o u t  t h e  impacted system 

parameters as i d e n t i f i e d  f o r  t h e  2 1  R&D subelements  of t h e  f o u r  

t e c h n i c a l  areas. The l i s t e d  parameters  are t h e  i n p u t s  of t h e  

b e n e f i t  model (GEOBEN) and, f o r  c l a r i t y ,  do n o t  i n c l u d e  unimpacted 

parameters .  It  is  noted from t h e  m a t r i x  t h a t  most parameters  are 

impacted by more t h a n  one subelement .  I n  g e n e r a l ,  t h e  Degree of 

Success  f o r  each subelement h a s  been a d j u s t e d  t o  t a k e  account  of 

any o v e r l a p p i n g  economic e f f e c t s  of t h e s e  m u l t i p l e  impacts  on t h e  

same parameters .  

Tables  7-10 p r e s e n t  t h e  numerical  r e s u l t s  of t h e  a n a l y s i s .  All 

t h e  c o s t  and b e n e f i t  f i g u r e s  a re  expressed  i n  1978 d o l l a r s .  Some 

planned (from FY78 t o  complet ion)  c o s t s  i n c l u d e  " a d d i t i o n a l "  c o s t s  

which are thought  t o  b e  r e q u i r e d ,  beyond t h e  c o s t s  planned by DGE 

o f f i c i a l s ,  i n  o r d e r  t o  p e r m i t t h e  subelement t o  a c h i e v e  i t s  g o a l .  

A s  shown i n  Tables  7-10, t h e  subelement impacts  are e s t i m a t e d  

f o r  e n g i n e e r i n g  and economic v a r i a b l e s  f i r s t .  These impacts  are 

f u r t h e r  analyzed t o  t r a n s l a t e  them i n t o  impacts  on hydrothermal  elec- 

t r i c  system parameters ,  which are  t h e n  used as i n p u t s  f o r  GEOBEN. 

The o u t p u t s  of GEOBEN are l i s t e d  i n  t h e  column l a b e l l e d  "Calcula ted  

B e n e f i t " .  The as-planned b e n e f i t / c o s t  r a t i o s  l i s t e d  i n  t h e  l a s t  

column a re  c a l c u l a t e d  a s  f o l l o w s :  
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TABLE 6 

IDENTIFICATION OF IMPACTED SYSTEM PARAMETER 

r 

STANDARD TECHNICAL AREA IMPACTED 
SYSTEM 

PARAMETER** 3-1- 3-2- 3-3- 3-4- 

SUBELEMENT 

A B C D E F  A B C D E F G H I  A B C  A B C  

* *  
PRODUCER 

Cost p e r  Product ion  Well x x x x x  X 
Cost p e r  I n j e c t i o n  Well x x x  X 
Cost of Gather ing  System X X 
Cost of P r o c e s s  Mechanical X X 
Spent B r i n e  Treatment Cost X 
Cost of D i s t r i b u t i o n  System X X 
Engineer ing  and Admin. Cost X X X 

General  O&M Cost x x x  
Well O&M Cost (LS) x x x  x x  
Well O&M Cost (HS, <450°F) x x  x x  
Well 0 & M  Cost (HS, >450°F) x x x  X 
Well Pump O&M Cost (F) x x  X X 
Well Pump O&M Cost (B) x x  X X 
Spent B r i n e  Treatment 0 & M  Cost X X 

Product ion  Well L i f e  (LS) X X 
I n j e c t i o n  Well L i f e  (LS) x x x  
Product ion  W e l l  L i f e  (HS) X X 
I n j e c t i o n  W e l l  L i f e  (HS) x x x  
UTILITY 

Cost of P r o c e s s  Mechanical x x  X 
Cost of P i p i n g  & I n s u l a t i o n  X 
Cost of I n s t r u m e n t a t i o n  X 
Engineer ing  and Admin. Cost X X X 

General  0 & M  Cost (F) X 
General  0 & M  Cost (B) X 
Process  Mechanical O&M Cost (B) X X X 

9; Not ana lyzed ,  see Appendix A ,  
** LS: Low S a l i n i t y ,  HS: High S a l i n i t y ,  F: F l a s h ,  B :  Binary 

+ 
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MITRE 
SUBELENE 

CODE 

3-I-A 

3- 1-B 

3-I-C 

3-1-D 

3-1-E 

3-I-F 

SUBELEMENT 
TITLE 

(CONTRACTOR) 

P r e d i c t i o n  
of S c a l i n g  
Tendency  of 
G e o t h e r m a l  
B r i n e  
(LASL, LBL) 

S t u d y  of 
S c a l i n g  i n  a 
T e s t  Loop 
(ORNL) 

Mechanism of 
S i l i c a  P r e -  
c i p i t a t i o n  
(LBL) 

S t u d y  of S i -  
l i c a  P r e c i p i -  
t a t i o n  i n  
S u p e r s a t u r a t e  
Ua t e  r (EIC)  

S c a l i n g  Con- 
t r o l  (DOCI, 
V e t t e r )  

T o t a l  Flow 
S y s t e m  (LLL) 

TABLE 7 

RESULTS OF THE BENEFIT/COST ANALYSIS FOR THE 
STANDARD TECHNICAL AREA 3-1 : PRECIPITATION AND CEUCHE?fISTRY 

~ 

SUNK 
e r n 7 7  

6 4 8  

1006 

447 

3 6 1  

219 

3134 
+5965 

LANNED 
N 7 8 +  

2956 

250 
1239* 

100 

0 

75 
+174* 

0 
k1700* 

__ 
DATE 

OF 
COMM. 

1983 

1983 

1979 

N / A  

19S1 

N / A  

EPTI?LATED I?!I'ACTS** 

ON ENGINEERINC AND 
ECUNUXIC VARIABLES 

. 0-307: r e d u c t i o n  
i n  l a b o r  c o s t  o f  
m a i n t e n a n c e  
a c t i v i t i e s .  
50% r e d u c t i o n  i n  
s p e c i f i e d  
f o u l i n g  f a c t o r .  

As a b o v e .  

0-24% r e d u c t i o n  
i n  l a b o r  c o s t  of 
m a i n t e n a n c e  acti- 
v i t i e s  of F l a s h  
s t e a m  p l a n t s .  

Not e s t i m a t e d  

75% r e d u c t i o n  i n  
s p e c i f i e d  
f o u l i n g  f a c t o r  
S50K-100K a d d i -  
t i o n  f o r  chemi-  
c a l  e q u i p m e n t .  
6-12 ppm of  
c o n t r o l l i n g  
a g e n t s  are  
r e q u i r e d .  

Not e s t i m a t e d .  

ON HYDRUTHEWlAL ELEC- 
TRIC SYSTEH PAPATTERS 

0-9% r e d u c t i o n  i n  
O&M c o s t s  o f  w e l l ,  
d e e p  w e l l  pump. 
0-0.5% r e d u c t i o n  i n  
u t i l i t y  p l a n t  OSM 
c o s t  . 
9-152 r e d u c t i o n  i n  
p r o c e s s  m e c h a n i c a l  
c o s t  ( u t i l i t y  p l a n t )  

A s  a b o v e  

0-7 .2% r e d u c t i o n  i n  
U&M c o s t s  of w e l l  

Not e s t i m a t e d  

19 .7-26 .42  r e d u c t i o n  
i n  u t i l i t y  p r o c e s s  
m e c h a n i c a l  c o s t  
185-770% i n c r e a s e  i n  
B i n a r y  p r o c e s s  mechar  
i c a l  O&M c o s t s .  

Not e s t i m a t e d .  

CALC'JIATED BENE- 
F I T  ( l o G  $78)  

PESSI- 
MISTIC 
~ 

72.7  

7 2 . 7  

0 . 3  

N / A  

0 . 0  

N / A  

PTI- 
ISTIC 

3 2 . 3  

3 2 . 3  

1 . 9  

N /A 

2 8 . 3  

N /A 

DEGREE 
OF 

5lJCCESS 

1 .0 

0 . 7  

0 . 6  

N /A 

0 . 3  

0.0 

:k A d d i t i o n a l  c o s t  t o  b r i n g  t h e  s u b e l e m e n t  t o  c o m p l e t i o n .  

... , R a n g e s  g i v e n  i n c l u d e  r a n g e s  f r o m  p e s s i m i s t i c  t o  o p t i m i s t i c  e s t i m a t e s ,  a n d  estimates [or d i f f e r e n t  t y p e s  of c o n v e r s i o n  p l a n t s .  

RATIO ( 

PESSI- 
MISTIC 

2 4 . 6  

3 4 . 2  

0.0 

N / A  

0 . 0  

NIA 

78') 

IPTI- 
lISTIC 

44.7 

62.2 

11.5 

N / A  

3 4 . 1  

N /A 



TABLE 8 

RESULTS OF WF, BENEFITICOST ANALYSIS FOR THE STANDARD TECHNICAL AREA 3-2: MATERIALS 

w 
cn 

MITRE 
SUBELEENT 

CODE 

3-2-A 

3-2-8 

3-2-C 

3-2-D 

SUBELEMENT 
TITLE 

(CONTRACTOR) 

l a t e r i a l s  
k s i g n  
landbook 
(Radian)  

d e l l  Cement 
(BNL, YRS,  
>owe 11, 
Jnknown) 

Son-Meta l l ic  
C o n s t r u c t i o n  
(BNL) 

Seal Mater ia  
Development 
(:IASA/JPL, 
L 'Garde ,  
Hughes A i r -  
c r a f t ,  Sandi 
BKL,  ASTM) 

OST (103 $78) 

UNK 
FY77 

62 

540 

625 

420 

LANNED 
N78-t 

1249 

2350 

3285 

1263 

DATE 
OF 

COMM . 

1981 

1982 

1984 

1981 

- 

ESTIXATED IMPACTS** 

IN ENGINEERING AND 
XONOMIC VARIABLES 

b S6flK-90K reduc- 
t i o n  i n  l i t e r a -  
t u r e  s e a r c h  and 
m a t e r i a l s  
t e s t i n g  c o s t s .  . Increase w e l l  
cement l i f e  by 
1.5-2.0 times. 

I 1 O X  i n c r e a s e  i n  
cement purchased  
c o s t .  
E l i m i n a t i n g  pre- 
p r o d u c t i o n  cement 
f a i l u r e s .  

I E l i m i n a t i n g  meta l -  
l i c  c a s i n g  f a r  low 
T ,  h o t  w a t e r  
~eso"rC0s. 

35-45? r e d u c t i o n  
i n  m a t e r i a l s  c o s t s  
f o r  p i p i n g s .  

e 2-5% r e d u c t i o n  i n  
m a t e r i a l s  c o s t  f a r  
p r e s s u r e  vesse l s .  

I n c r e a s i n g  a p p l i -  
c a t i o n  t e m p e r a t u r e  
of e l a s t o m e r i c  
s e a l s  t o  250OC. 
I n c r e a s i n g  a p p l i -  
c a t i o n  t e m p e r a t u r e  
of packers f o r  
cementing j o b  and 
c a b l e  i n s u l a t i o n  
f o r  l o g g i n g  t o  
250OC. . Allowing i o u r n a l  
b e a r i n g - b i t s  t o  b e  
used  i n  p o r t i o n s  
of wells where 
t h e y  do n o t  sur- 
v i v e  today .  

IN HYDROTBER\lAL ELEC- 
r R I C  SYSTFN PARMETERS 

rn 1.9-4.5% r e d u c t i o n  i n  
p r e - c o n s t r u c t i o n  
e n g i n e e r i n s  c o s t s .  

2.7-14.3% increase i n  

1.7-3.9% r e d u c t i o n  i n  
well l i f e .  

w e l l  c o s t .  

7.4-31.5% r e d u c t i o n  i n  
g a t h e r i n g  sys tem c o s t .  
0.4-1.0% r e d u c t i o n  i n  
producer  p r o c e s s  and 
mechanica l  c o s t s .  
24.5-31.5% r e d u c t i o n  
i n  d i s t r i b u t i o n  p i p i n g  
sys tem.  
1.2-1.6% r e d u c t i o n  i n  
i n - p l a n t  p i p i n g  and 
i n s u l a t i o n .  

0-3.59. r e d u c t i o n  i n  
well c o s t  due  t o  lower 
d r i l l i n g  c o s t  . 0.6-1.2% r e d u c t i o n  i n  
w e l l  c o s t  due  t o  less 
f r e q u e n t  change-out of 
r o t a t i n g  d r i l l  head .  . 0-1.21 well c o s t  reduc- 
t i o n  due t o  lower cemer 
t i n g  c o s t .  

r e d u c t i o n  due t o  lower 
well s t i m u l a t i o n  costs. 

t i o n  i n  c a b l e  
i n s u l a t i o n  c o s t s  
of t h e  s c e n a r i o  

. 0.1-0.49. w e l l  c o s t  

$13000K-42000K reduc- 

4LCULATED BENE- 
FIT ( l o 6  $78)  
__ 
ESSI- 
ISTIC 
__ 

17.5  

1 2 2 . 2  

86 .1  

44 .5  

OPTI- 
KISTIC 

~ 

26.6 

223 .8  

111.5 

32L.7 

~ 

IEGREE 
OF 

SUCCESS 

~ 

0 .7  

0.7 

0.8 

0 . 3  

~ 

BENEFITICOST 
(FY78') 

PESSI- OPTI- 
MISTIC MISTIC 

9.8  

36.4 

21.0 

10.6  

14.9 

66.7 

27.2 

77.3 



i 

W 
W 

!(ITRE 
SUBELWENT 

CODE 

3-2-E 

3-2-F 

3-2-G 

3-2-H 

3-2-1 

SUBELENENT 
TITLE 

:CONTRACTOR) 

:orrosion of 
letal (PNL, 
)RNL) 

:*sing and 
) r i l l  Pipe 
$ l a t e r i a l s  
( c a s e  western 
Reserve U.) 

P i t t i n g  and 
.ocalired 
:orrossion 
Zesis t e n t  
Uloys (BNL) 

Dynamic 
Component 
Mater ia ls  
(BNL) 

Geopressured 
Hot I s o s t a t i c  
P r e s s e d  Clad 
H.I.P. 
Mater ia ls  
Development 
( m w  

TABLE 8 (CONTINUED) 

RESULTS OF THE BENEFITICOST ANALYSIS FOR THE STANDARD TECHNICAL AREA 3-2: UTERIALS 

'670 

459 

0 

0 

0 

275 

547 

451 

783 

1330 

DATE 
OF 

c o t w .  

1979 

1979 

1982 

1982 

1984 

ESTIMATED IMPACTS** 

IN ENGINEERING AND 
iCONOMIC VARIABLES 

D S60K-90K reduction 
i n  l i t e r a t u r e  
search and 
materials t e s t ing  
cost. 

25.30% increase i n  
casing l i f e  and 
d r i l l  p ipe l i f e .  

metal c o s t .  
e L I  increase in 

50% reduct ion i n  
material require- 
ments f o r  pipings 
and pressure 
vesse ls .  . 377 increase i n  
material 
ourchase cos t  

e Allowing a i r  
d r i l l i n g  i n  t h e  
laver  30% of well 
where b i t  T i s  u p  
to 400OC 
20% increase i n  
b i t  c o s t  
i - I O %  increase i n  
d r i l l i n g  rate of  
penetration a.id 
b i t  l i f e .  . 5OX reduct ion i n  
downhole notor  
d r i l l i n g  usage C O S t  

2.5% reduct ion i n  
O&F c o s t  of deep 
well pump. 

20.40% increase i n  
geopressured well 
casing c o s t  
15-202 reduct ion 
in geopressured 
well O&M c o s t  

R HYDROTHERMAL ELEC- 
RIC SYSTW PAFMETERS 

1.9-4.5% reduct ion i n  
pre-construction 
engineer ing costs  

0.1-0.2% increase i n  
w e l l  cost .  
1.6-6.1% increase i n  
well l i f e .  

I 6.3-29.1% reduct ion i n  
gather ing System Cost 

I 6.6-11.6% sepa ra to r  
c o s t  

I 21.1-29.1% reduct ion i 
d i sposa l  p i p i n g s  

, 1.1-1.5% reduct ion i n  
in-plant process 
piping c o s t .  

1 SZBJ(IOK-75200K 
reduct ion i n  well 
cos t  up t o  the year 
2000 across the 
scenario 

I $11400K-l03700K 
reduct ion i n  t o t a l  
OdH cost  of deep 
well pimps u s e d  i n  
t h e  scenario 

D 2-41 increase i n  
eeopressured well 
cos t  

b 15-209, reduct ion i n  
geopressured well 
ObH cost  

LCULATED BENE- 
I T  (10' $78) 

'SSI- OPTI- 
STIC  MISTIC 

17.5 

26.5 

86.4 

'39.7 

142.3 

~ 

26.6 

37.6 

119.7 

103.7 

605.0 

DEGREE 
OF 

SUCCESI 

0 .3  

0 . 8  

0.1 

0 . 3  

0 . 5  

ESSI- 
I S T I C  

19.1 

38.8 

19.2 

15.2 

30.5 

PII- 
I S T I C  

29.0 

55.0 

26.5 

39.7 

129.8 

** Ranges given include ranges from pessimist ic  t o  opt imist ic  es t imates .  and es t imates  f o r  d i f f e r e n t  types of  conversion p l a n t s .  



TABLE 9  

RESULTS OF THE BENEFIT/COST ANALYSIS FOR THE STANDARD TECHNICAL AREA 3-3: 

, 

f. 
0 

MITRE 
SUBELEMENT 

CODE 

3-3-A 

3-3-B 

3-3-c 

SUBELEMENT 
TITLE 

(CONTRACTOR) 

S a m p l i n g  and 
A n a l y s i s  
Manual  (PNL) 

P r o c e s s  
I n s t r u m e n -  
t a t i o n  
(NAS, PNL) 

Non D e s t r u c -  
t ive  E v a l u a -  
t i o n  (NDE) 
T e c h n i q u e  
(DAI) 

COST ( 1 0 3  $78)  

SUNK 
+FY77 

~ 

49 5  

486 

4 0  

' L A " E D  
FY78+ 

670 

2816 

179 
45* 

DATE 
OF 

COMM . 
~ 

1980 

1981 

1980 

ESTIMATED IMPACTS** 

ON ENGINEERING AND 
ECONOMIC VARIABLES 

$10K-l5K r e d u c -  
t i o n  i n  l i tera-  
t u r e  s e a r c h  c o s t  

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

$8K-12K r e d u c -  

0-2% i n c r e a s e  i n  
i n s t r u m e n t a t i o n  
c o s t s  
0-30% r e d u c t i o n  
i n  l a b o r  c o s t s  
o f  m a i n t e n a n c e  
a c t i v i t i e s  

50:' r e d u c t i o n  i n  
m i s h a p  f r e q u e n c y  
i n  w e l l  d r i l l i n g  

p i p e s  r e j e c t e d  
1 5 %  of d r i l l  

ON HYDROTHERMAL ELEC- 
TRIC SYSTEM PARAMETERS 

2.9-6.6% r e d u c t i o n  
i n  p r e - c o n s  t r u c  t i o n  
e n g i n e e r i n g  c o s t s  

0-2% i n c r e a s e  in  
i n s t r u m e n t a t i o n  c o s t  
0-9% r e d u c t i o n  i n  
p r o d u c e r  O&M c o s t  
5-9% r e d u c t i o n  i n  
d e e p  w e l l  pump 
O&?I c o s t  
0-3% r e d u c t i o n  i n  
u t i l i t y  O&M c o s t s  
2-9% r e d u c t i o n  i n  
s p e n t  b r i n e  t r e a t m e n t  
O&M c o s t  

a 0 . 5 - 3 . 3 %  r e d u c t i o n  i n  
w e l l  c o s t  

CALCULATED BENE- 
FIT ( l o 6  $78)  

PESSI- 
MISTIC 

27 .4  

3 . 5  

14 .0  

OPTI- 
MISTIC 

41 .5  

79.9 

1 

DEGREE 
OF 

XCCESS 

0 . 5  

0 . 7  

0 . 8  

* A d d i t i o n a l  c o s t  t o  b r i n g  t h e  s u b e l e m e n t  t o  c o m p l e t i o n .  
** Ranges  g i v e n  i n c l u d e  r a n g e s  f r o m  p e s s i m i s t i c  t o  o p t i m i s t i c  estimates, and  estimates f o r  d i f f e r e n t  t y p e s  of c o n v e r s i o n  P l a n t s .  

BENEFI: 
RATIO ( 

PESSI- 
MISTIC 
__ 

20 .5  

0 . 9  

50 .0  

___ 

:OST 
' 78- t )  

OPTI- 
MISTIC 

31 .0  

19 .9  

553 .  

~ 

I 
I 
! I 



M I T R E  
SUBELEMENT 

CODE 

5-15% i n c r e a s e  i n  

1 .8-2.6% r e d u c t i o n  
i n j e c t i o n  w e l l  l i f e  

i n  p r o d u c e r  g e n e r a l  
O&M c o s t s  

80-100% r e d u c t i o n  i n  
c o s t s  of s p e n t  b r i n e  
t r e a t m e n t  
5-15% i n c r e a s e  i n  
i n j e c t i o n  w e l l  l i f e  

b 1 .8 -2 .6% r e d u c t i o n  i n  
p r o d u c e r  g e n e r a l  O&M 
c o s t s  

2-5% i n c r e a s e  i n  
i n j e c t i c n  wel l  l i f e  

3-&-A 

3-4-8 

3 - 4 - c  

30.9 

261 .2  

0 . 0  

SUBELEMENT 
T I T L E  

(CONTRACTOR) 

S p e n t  F l u i d  
D i s p o s a l  
( P N L ,  V e t t e r ,  
Oklahoma U) 

W a s t e  U t i l i -  
z a t i o n  (PNI.,  
o t h e r s  
unknown) 

M o b i l e  T e s t  
U n i t  

TABLE 1 0  

RESULTS OF T H E  B E N E F I T / C O S T  A N A L Y S I S  FOR THE STALYDARD T E C H N I C A L  AREA 3-4: 

COST ( 1 0 3  $78)  
__ 

SUNK 
+FK7i 

~ 

0 

0 

0 

~ 

PLANNED 
FY 7 8 1  

2584 

1556 

0 
1973* 

DATE 
OF 

COMM . 

1983 

1984 

1982 

~ ~~ 

CALCULATED BENE- -1 F I T  (106 $78)  

ON E N G I N E E R I N G  AND 
ECONOMIC V A R I A B L E S  

5-15% i n c r e a s e  
i n  i n j e c t i o n  
w e l l  l i f e  

E l i m i n a t e  r e s p o n -  
s i b i l i t y  o f  i n -  
j e c t i o n  f l u i d  
t r e a t m e n t  
5-15;; i n c r e a s e  i i  

i n j e c t i o n  w e l l  
l i f e  

b I n c r e a s e  knowled;  
on f l u i d  b e h a v i o  
r a l  i n t e r d e p e n -  
d e n c e  b e t w e e n  pr, 
d u c t i o n  and i n j e  
t i o n  wells and t 
r e s e r v o i r  

ON HYDROTHERHAL ELEC- 
T R I C  SYSTEM PAFGOlETERS 

I 
O P T I -  
M I S T I C  

56 .9  

3 2 4 . 4  

9 . 1  

DEGREE 
OF 

SUCCESS 

0.7 

0 . 3  

0 . 5  

* A d d i t i o n a l  c o s t  t o  b r i n g  t h e  sube lemen t  t o  c o m p l e t i o n  
** Ranges  g i v e n  i n c l u d e  r a n g e s  from p e s s i m i s t i c  t o  o p t i m i s t i c  estimates, and e s t i m a t e s  f o r  d i f f e r e n t  t y p e s  o f  c o n v e r s i o n  p l a n t s .  

B E N E F I  
R A T I O  

P E S S I -  
M I S T I C  

8 . 5  

5 0 . 4  

0 . 0  

COST 
iy78+; 

OPTI- 
M I S T I (  

1 5 . 6  

6 2 . 5  

2 . 3  



B e n e f i t  x Degree of Success  
Planned Cost 

B e n e f i t  /Cost R a t  i o  = 

Some subelements  which have been e i t h e r  completed o r  te rmina ted  

are n o t  r e q u i r e d  t o  b e  ana lyzed  and t h e r e f o r e  t h e i r  r e s u l t  columns 

are marked w i t h  "not es t imated"  o r  "N/A" ( n o t  a p p l i c a b l e ) .  Some of 

t h e s e  subelements  s t i l l  have c e r t a i n  planned c o s t s  which were e i t h e r  

o b l i g a t e d  i n  FY77 o r  r e q u i r e d  t o  complete on-going ac t iv i t i e s ,  and 

are  inc luded  f o r  FY78 only .  

The numerical  estimates g i v e n  i n  t h e  Est imated Impacts  column 

are,  i n  most cases, expressed  as ranges .  These ranges  cover  v a l u e s  

of p e s s i m i s t i c  and o p t i m i s t i c  estimates and t h e i r  v a r i a t i o n s  from 

one t y p e  of convers ion  system ( e . g . ,  b i n a r y  p l a n t )  t o  a n o t h e r .  

4 2  



5.0 D I S C U S S I O N  AND CONCLUSION 

5 . 1  P r o j e c t s  i n  t h e  Context of _. t h e  Program 

To summarize t h e  m e r i t  of R&D a c t i v i t i e s  i n  t h e  Geochemical and 

Materials Engineer ing  program,Table 11 l i s t s  t h e  c o s t s  and b e n e f i t s  

of t h e  p r o j e c t s  i n  t h e  d e c r e a s i n g  o r d e r  of sube lement ' s  o p t i m i s t i c  

f i g u r e  of m e r i t .  I f  t h e  cummulative c o s t  and b e n e f i t  are c a l c u l a t e d  

as shown i n  Table  11 and are  p l o t t e d  o u t  as shown i n  F i g u r e  3 ,  t h e  

b e n e f i t  can b e  v i s u a l i z e d  f o r  any amount of funding  r e g a r d l e s s  of 

i n d i v i d u a l  p r o j e c t s .  Superimposed on F i g u r e  3 are t h e  l i n e s  of 

d i f f e r e n t  b e n e f i t l c o s t  r a t i o s  which are inc luded  f o r  comparison 

purpose.  A s  expec ted  and as shown i n  F igure  3 ,  r e t u r n s  of R&D i n v e s t -  

ments are h i g h  a t  l o w  level  of R&D investment  and l e v e l e d  o f f  as 

more R&D money i s  i n v e s t e d .  

Geochemical and Materials Engineer ing program as p lanned ,  a f t e r  and 

i n c l u d i n g  FY78, i s  between 18.3 and 39.8. I f  p r e v i o u s  c o s t s  of on- 

going p r o j e c t s  are  inc luded  , t h e  " h i s t o r i c "  B/C r a t i o  i s  somewhere 

between 14 .5  and 31.5. These B / C  r a t i o s  apply  t o  e l e c t r i c i t y  

p r o d u c t i o n  only .  They do n o t  inc- lude n o n - e l e c t r i c  a p p l i c a t i o n s  

and geopressured  methane product ion  (subelement  3-2-1). 

5 . 2  B e n e f i t I C o s t  R a t i o s  of T e c h n i c a l  Areas 

The o v e r a l l  b e n e f i t l c o s t  r a t i o  of t h e  

The p r o j e c t s  w i t h i n  each of t h e  f o u r  t e c h n i c a l  areas of t h e  

Geochemical and Materials Engineer ing  were grouped and a n  o v e r a l l  

B e n e f i t I C o s t  r a t i o  was e s t i m a t e d  f o r  each area,  as shown i n  Table  1 2 .  

It i s  noted  t h a t  i n  t h e  Standard T e c h n i c a l  Area of 



TABLE 1 1  

BENEFIT AND PLANNED COST OF THE PROJECTS I N  
"HE GEOCHEMICAL AND MATERIALS ENGINEERIIJG PROGRAM 

i 
I 

PLANNED COST 
(106 $78) 

EXPECTED BENEFIT ( l o 6  $78)2  HISTORICAL 
FIGURE OF MEKIT4 NUMBER 

OF 
 PROJECT^ 

FIGURE OF MERIT ' 
BY SUBELEMEAT C W L A T I V E  CODE SUBELEMENT TITLE 

~ 

OPTI- 
MISTIC 

~ 

553.9 

77.3 

66.7 

62 .5  

55.0 

44.7 

39.7 

34.1 

31 .0  

29.0 

27.2 

26.5 

19 .9  

1 5 . 6  

14 .9  

11 .5  

2.3 
~ 

39.8 

PESSI- 
MISTIC 

OPTI- 
MISTIC __ 
124.1 

97.4 

156.7 

97.3 

30 .1  

132 .3  

31.1 

8 . 5  

20.9 

8.0 

89 .2  

11.9 

55.9 

39.8 

18 .6  

1 .1  

4 .6  

PESSI- 
MISTIC 

BY SUB- 
ELEMENT 
~ 

0.224 

1.260 

2.350 

1.556 

0.547 

2.956 

0.703 

0 .249  

0.670 

0.275 

3.285 

0.451 

2.816 

2.584 

1.249 

0.100 

1.973 

PESSI- 
YISTIC 
~ 

42.4  

8 . 0  

29.6 

50.4 

21 .1  

20.2 

15.2 

0.0 

11 .8  

2.7 

1 7 . 6  

19 .2  

1 .8  

8 . 5  

9 . 4  

0 . 0  

0.0 

OPTI- 
MISTIC 

124.1 

221.5 

378.2 

475.5 

505.6 

637.9 

669 .0  

677.5 

698.4 

706.4 

795.6 

807 .5  

563.4 

903.2 

921.8 

922.9 

927.5 

927.5 

PESSI- 
MISTIC 

50 .0  

10.6 

36.4 

50.4 

38 .8  

24.6 

15 .2  

0.0 

20.5 

1 9 . 1  

21.0 

19.2 

0 . 9  

8 . 5  

9 . 8  

0.0  

0.0 

18.3  

OPTI- 
MISTIC 

470.1  

58.0 

54 .2  

62 .5  

29.9 

36.7 

39.7 

16 .2  

17 .9  

4 .1  

22.8 

26.5 

16.9 

15 .6  

14.2 

2.0 

2 . 3  

c u m -  
LATIVE 

C.224 

1.484 

3.834 

5.390 

5.937 

8 .893  

9 .676  

9.925 

10.595 

10.870 

14.155 

14.606 

17.422 

20.006 

21.255 

21.355 

23.328 

23.328 

3-3-c 

3-2-0 

3-2-8 

3-4-B 

3-2-F 

3-1-A 

3-2-H 

3-1-E 

3-3-A 

3-2-E 

3-2-C 

3-2-G 

3-3-8 

3-&-A 

3-2-A 

3-1-C 

3-4-c 

11.2 

13.4 

8 5 . 5  

78.4 

21.2 

72.7 

11.9 

0.0 

13.7 

5 .3  

68.9 

8 . 6  

2.5 

21.6 

1 2 . 3  

0 .0  

0 . 0  

11.2 

24.6 

110.1 

158.5 

209.7 

282.4 

294.3 

294.3 

308.0 

313.3 

382.2 

390.8 

393 .3  

414.9 

427.2 

427.2 

427.2 

NDE Technique  

S e a l  M a t e r i a l s  

Well  Cement 

l4as te  U t i l i z a t i o n  

Cas ing  and D r i l l  P i p e  Xats .  

S c a l i n g  P r e d i c t i o n  

Dynamic Comp. M a t e r i a l s  

S c a l i n g  C o n t r o l  

Sampling and A n a l y s i s  HB 

C o r r o s i o n  of Meta ls  

Nan-Metall ic Cons t .  Ilats. 

P i t .  & Lac. Cor.  Resis t .  Mats.  

P r o c e s s  I n s t r u m e n t a t i o n  

Spent  F l u i d  D i s p o s a l  

M a t e r i a l s  Design HB 

S i l i c a  S c a l i n g  

Mobile T e s t  Uni t  

1 

5 

4 

3% 

1 

3 

1 

2 

1 

2 

3 

1 

6 

3% 

1 

1 

1 

c- c- 

14.5  3-x-x ENTIRE PROGRAM 427.2 31.5 4" : ___- 

Excluding  3 not -es t imated  p r o j e c t s ,  1 d u p l i c a t i n g  e f f o r t  ( sube lement  3-1-B), 1 on  geopressured  w e l l ,  + p r o j e c t  i n d i c a t e s  a p r o j e c t  has  b e e n  s h a r e d  
by two subelements .  

Degree of success i n c l u d e d .  

Excluding  sunk c o s t s .  

I n c l u d i n g  sunk c o s t s .  

I :  I 
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TABLE 12 

BENEFIT/COST RATIOS OF STANDARD TECHNICAL AREAS I N  
GEOCHEMICAL AND MATERIALS ENGINEERING PROGRAM 

1314 

3776 

1021 

0 

STANDARD 
TECHNICAL 

AREA 

3305 

10200 

3710 

6113 

P r e c i p i t a t i o n  and  
Geochemis t ry  

Materials 

Measurement,  Test ing,  & 
P r o c e s s  C o n t r o l  Technology 

Waste Management 
~~ 

ENTIRE PROGRAM 

COST (103 $78) '  

PLANNED 
4FY77 FY78+ ' 

6111 I 23328 

EXPECTED  BENEFIT^ 
(106 $78) 

PESSI- 
MISTIC 

72.7 

227.1 

27.4 

100.0 

427.1 

OPTI- 
MISTIC 

141.9 

443  .O 

200.9 

141.7 

927.5 

E x c l u d i n g  costs of p r o j e c t s  wh ich  have  b e e n  comple t ed  o r  t e rmina ted .  

P r o d u c t  of c a l c u l a t e d  b e n e f i t  and d e g r e e  of s u c c e s s .  

3 
I n c l u d i n g  s u n k  costs. 

FIGURE OF AERIT~ 

PESSI- 
MISTIC 

22.0 

22 .3  

7 .4  

16 .4  

18.3 

OPTI- 
MISTIC 

42.9 

43.4 

54 .1  

23.2 

39.8 

HISTORICAL 
FIGURE OF  MERIT^ 

PESSI- 
MISTIC 

15.7 

1 6 . 3  

5.8 

16 .4  

14 .5  

OPTI- 
MISTIC 

30.7 

3 1 . 7  

42.5 

23.2 

31.5 



P r e c i p i t a t i o n  and Geochemistry t h e r e  are f o u r  p r o j e c t s  which appear  

t o  b e  redundant .  These p r o j e c t s  were c l a s s i f i e d  i n t o  t h r e e  sube le-  

ments two of which w e r e  marked "not es t imated"  i n  Table  7 .  The two 

not -es t imated  subelements  i n v o l v e  e i t h e r  b a s i c  r e s e a r c h  t o o  theore-  

t i c a l  f o r  i d e n t i f i a b l e  a p p l i c a t i o n s  o r  r e s e a r c h  r e l a t e d  t o  a techno- 

logy which h a s  been proven uneco~iomical  e lsewhere ( T o t a l  Flow 

System). The subelement 3-1-B which w a s  analyzed i s  i n  d i r e c t  

c o m p e t i t i o n  w i t h  a n o t h e r  subelement ,  3-1-A (See Table  7) and t h e r e -  

f o r e  i t s  b e n e f i t s ,  a l though e s t i m a t e d ,  a r e  n o t  inc luded  i n  Tables  

11 and 1 2 .  The e x i s t e n c e  of t h e  h a r d - t o - i d e n t i f y - b e n e f i t  p r o j e c t s  

i n  t h i s  area and t h e  f a c t  that: t h e s e  p r o j e c t s  have been d i s c o n t i n u e d  

( a l t h o u g h  some p r o j e c t s  are st il.1 r e c e i v i n g  ' 'clearing-up' '  funding ) 

i n d i c a t e  good p r o g r e s s  toward b e t t e r  unders tanding  of problems i n  

geothermal  u t i l i z a t i o n .  

Table  1 2  shows f o r  each t e c h n i c a l  area sunk c o s t s ,  planned c o s t s  

(wi th  FY78 c o s t s  t r e a t e d  as planned c o s t s ) ,  and p e s s i m i s t i c  and 

o p t i m i s t i c  e s t i m a t e s  o f :  Expected B e n e f i t ,  F i g u r e  of M e r i t ,  and 

H i s t o r i c a l  F i g u r e  of Meri t .  "Expected B e n e f i t "  i s  t h e  c a l c u l a t e d  

b e n e f i t  m u l t i p l i e d  by "Degree of Success ' ' .  "Figure of Merit" i s  

based on planned c o s t s  a l o n e ;  t h i s  r e f l e c t s  t h e  forward-looking 

v a l u e  of t h e  T e c h n i c a l  Area a t  t h e  s ta r t  of FY 1978. " H i s t o r i c a l  

F i g u r e  of Merit" i s  based on t h e  sum of sunk and planned c o s t s ;  i t  

r e f l e c t s  t h e  r e t u r n  on v a l u e  over  a l l  R&D c o s t s  f o r  t h e  t e c h n i c a l  

area.  
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The estimates i n  Table 1 2  suggest  the  fol lowing major p o i n t s  

of d i scuss ion .  

(1) R&D i n  the  Materials area produces both the  l a r g e s t  
expected b e n e f i t  and t h e  h ighes t  mean b e n e f i t / c o s t  
r a t i o .  This i s  expected because materials problems 
are encountered i n  almost every component of a 
geothermal system, e s p e c i a l l y  i n  the  components 
which are i n  contac t  w i th  the  geothermal l i q u i d .  
Materials i n t e g r i t y  has  s t rong  e f f e c t s  on the  
f i n a l  cos t  of e l e c t r i c i t y  product ion,  and, hence, 
R&D investment i n  material improvement i s  expected 
t o  y i e l d  h igh  r e t u r n s .  It must be noted he re  t h a t  
the b e n e f i t s  gained i n  non-e lec t r ic  a p p l i c a t i o n s  
and geopressured systems were n o t  included.  

(2)  The lowest mean b e n e f i t / c o s t  r a t i o  i s  found i n  t h e  
Waste Management area. This i s  not  because the  area 
has  l i t t l e  room f o r  improvement due t o  R&D bu t  because 
success fu l  improvements of such types of p r o j e c t s  
r e l a t i n g  t o  chemical removal and chemical t reatment  
of the  geothermal f l u i d  are r a t h e r  expensive t o  
achieve.  However, i t  i s  no t  t h a t  environmental  problems 
a r i s i n g  from the  d i sposa l  of geothermal spent  
f l u i d  can be c r i t i c a l  depending on the  l o c a l  r egu la t ions .  
These problems sometimes, can put  a geothermal power 
p l a n t  i n  t h e  go o r  no-go s i t u a t i o n  i n  which they must 
be solved before  e l e c t r i c i t y  product ion can be 
r e a l i z e d ,  and t h e r e f o r e  b e n e f i t  R&D investments ,  
a l though they have low expected cost-saving r e t u r n s  
ac ross  t h e  board of t h e  geothermal development scena r io ,  
are except  i o n a l l y  high here .  

(3 )  The r a t i o  of o p t i m i s t i c  b e n e f i t  over  p e s s i m i s t i c  
b e n e f i t  is  l a r g e s t  f o r  t h e  area of Measurement, 
Tes t ing  and Process  Control Technology. This  
i n d i c a t e s  t h a t  t h e  unce r t a in ty  i n  e s t ima t ing  the  
b e n e f i t s  o f  t he  subelements contained i n  t h i s  
area i s  r e l a t i v e l y  higher  than i n  o t h e r  areas. 
Such high unce r t a in ty  i s  mainly due t o  the  d i f f i c u l t i e s  
i n  i d e n t i f y i n g  and then e s t ima t ing  t h e  impacts of t he  
R&D ac t iv i t i e s  involved.  It  i s  easy t o  recognize the  
importance of having accu ra t e  measurements and monitoring 
c a p a b i l i t y  i n  a geothermal system. 
tance can only be t r a n s l a t e d  i n t o  real b e n e f i t s  i f  

However such impor- 
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a c c u r a t e  i n s t r u m e n t s  and moni tor ing  c a p a b i l i t y  
are coupled w i t h  t e c h n o l o g i e s  which can d e a l  
economical ly  wi th  u n d e s i r a b l e  s i g n a l s  appear ing  on 
t h e  moni tor ing  s c r e e n .  I n  o t h e r  words,  a l though 
R&D a c t i v i t i e s  i n  t h i s  area are making a n  impor- 
t a n t  s t e p  toward t h e  c o n t r o l  of geothermal  system 
o p e r a t i o n s ,  addi t iona l .  a c t i v i t i e s  t o  t r a n s f o r m  
i n f o r m a t i o n  from moni tor ing  d e v i c e s  i n t o  c o s t -  
e f f e c t i v e  o p e r a t i o n  s t : r a t e g i e s  are s t i l l  r e q u i r e d .  

( 4 )  The b e n e f i t s  e s t i m a t e d  f o r  t h e  area of  Waste 
Management, a l though t:hey are s m a l l  as d i s c u s s e d  
i n  (2), are least  u n c e r t a i n .  This  i s  because t h e  
o b j e c t i v e s  of t h e  R&D ac t iv i t i e s  are w e l l  d e f i n e d  
and are concerned w i t h  e a s i l y  i d e n t i f i a b l e  economic 
f a c t o r s  i n  a geothermal  system. Wastes d i s c h a r g e d  
from a geothermal  power p l a n t  i n c l u d e  g a s e s ,  w a s t e  
h e a t ,  waste water,  and m i n e r a l s  w i t h  o r  w i t h o u t  
commercial va lue .  The b e n e f i t s  of u t i l i z i n g  o r  
r e c o v e r i n g  o r  d i s p o s i n g  of t h e s e  wastes can b e  
e s t i m a t e d  a g a i n s t  c u r r e n t l y  known p r a c t i c  , w i t h  
minimal u n c e r t a i n t y .  

5 .3  P o t e n t i a l  Impacts of Program on Geothermal E l e c t r i c i t y  Cost 

a t  Liquid-Dominated P r o s p e c t s .  

The t o t a l  b e n e f i t ,  t a k i n g  i n t o  account  a l l  t h e  i n d i v i d u a l  sub- 

e l e m e n t ' s  Degree of  Success ,  i s  between about  0.50 and 1 . 2 3  

b i l l i o n  1978-dol la rs .  I f  t h e  p r o j e c t  on geopressured  w e l l  c a s i n g  

i s  excluded,  t h e  b e n e f i t  i s  between 0.43 and 0.93 b i l l i o n  1978- 

d o l l a r s  ( s e e  Table  11). T h i s  b e n e f i t  i s  t h e  t o t a l  s a v i n g  of  

e l e c t r i c i t y  p r o d u c t i o n  c o s t s  f o r  power p l a n t s  scheduled  i n  t h e  

r e f e r e n c e  s c e n a r i o  f o r  i n s t a l l a t i o n  between t h e  y e a r s  1979 and 2000 

i n c l u s i v e l y  a t  27  U.S. l iquid-dominated geothermal  p r o s p e c t s .  

I f  c u r r e n t  technology o n l y  (no impacts  from R&D) is  assumed, 

t h e  t o t a l  e l e c t r i c i t y  p r o d u c t i o n  c o s t  ( c a p i t a l  and O&M c o s t s )  

f o r  t h e  hydrothermal  s c e n a r i o ,  its e s t i m a t e d  by t h e  GEOBEN model, 
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i s  $10.93 b i l l i o n  (1978 d o l l a r s ) .  Thus t h e  percentage c o s t  reduct ion  

expected from the  products  of t he  R&D p r o j e c t s  i n  t h i s  program 

range between (0.43/10.93) x 100 = 3.9% and (0.93/10.93) x 100 = 

8.5%. 

The average e l e c t r i c i t y  c o s t  reduct ion  of 3.9-8.5% may seem t o  

be high bu t  i s  q u i t e  r e a l i s t i c .  I n  ind iv idua l  cases  such saving 

can br ing  the  e l e c t r i c i t y  c o s t  a t  many prospec ts  down t o  competi t ive 

levels re la t ive t o  e l e c t r i c i t y  t h a t  i s  generated from o t h e r  sources  

of energy. 

5.4  Major Conclusions of this Analysis 

Following are t h e  major conclusions reached from t h e  b e n e f i t /  

c o s t  a n a l y s i s  of t h e  cu r ren t  R&D a c t i v i t i e s  i n  t h e  Geochemical and 

Mate r ia ls  Engineering pro gram: 

0 A s  an average ac ross  the  U.S. scena r io  f o r  geothermal 
e l e c t r i c i t y  development, t h e  e l e c t r i c i t y  c o s t  reduc- 
t i o n  generated i s  somewhere between 3.9 and 8.5%. 

0 R&D i n  materials development area y i e l d s  h ighes t  
i m p a c t s  even when d i r e c t  h e a t  and geopressured 
a p p l i c a t i o n s  are excluded. 

0 R&D a c t i v i t i e s  i n  t h e  area of p r e c i p i t a t i o n  and 
geochemistry show evidence of becoming more 
goal  -0 r i en t a t e d . 

0 Although t h e r e  are high b e n e f i t  p r o j e c t s ,  more 
goa l -or ien ta ted  d e f i n i t i o n s  are needed i n  t h e  
measurement, t e s t i n g  and process  c o n t r o l  
technology area. 

0 Current  p r o j e c t s  i n  the  Waste Management area have low 
b e n e f i t / c o s t  r a t i o ,  b u t  Waste Management i s  a c r i t i c a l  
program element which cannot be neglected.  
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0 Not count ing poss ib l e  over laps  wi th  p r o j e c t s  i n  
o t h e r  R&D programs, t h e  as-planned b e n e f i t / c o s t  
r a t i o  of t h e  whole program f a l l s  somewhere between 
18.3 and 39.8. 
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1 . 0  INTRODUCTION 

T h i s  appendix p r e s e n t s  t h e  b e n e f i t  a n a l y s e s  of t h e  subelements  

of t h e  f o u r  t e c h n i c a l  areas d i s c u s s e d  i n  t h e  main body of t h i s  r e p o r t .  

The subelements  are i d e n t i f i e d  by t h e i r  code numbers and t i t l e s .  A 

subelement code number c o n s i s t s  of two d i g i t s  and a l e t te r  and i s  

d e s i g n a t e d  i n  a manner similar to  t h e  p r o j e c t  code number. For 

example, subelement 3-2-B i n d i c a t e s  subelement B of t h e  t e c h n i c a l  

area number 2 i n  program number 3 .  Program number 3 ,  namely, 

Geochemical Engineer ing,  h a s  45 p r o j e c t s  t h a t  are grouped i n t o  2 1  

subelements  shown i n  F i g u r e  A-1.  

I 

The a n a l y s e s  are based on t h e  subelement g o a l s .  These g o a l s  are 

i n t e r p r e t e d  from t h e  o b j e c t i v e s  of t h e  R&D p r o j e c t s  conta ined  i n  t h e  

subelements .  I n  a few cases where a p r o j e c t  o r  a group of p r o j e c t s  

t h a t  make up a subelement appear  t o  b e  somewhat remote from t h e  

commerc ia l iza t ion  of a p r a c t i c a l  d e v i c e  o r  p r o c e s s ,  a d d i t i o n a l  R&D 

c o s t s  r e q u i r e d  t o  complete t h e  development a re  e s t i m a t e d ,  and t h e  

a n a l y s i s  i s  performed as i f  t h e  subelement g o a l  will a c h i e v e  a 

commercial izable  improvement i n  geothermal  technology.  

I n  t h e  n e x t  2 1  s e c t i o n s ,  one  f o r  each  subelement ,  a uniform 

format  i s  fo l lowed.  Each s e c t i o n  c o n t a i n s  a c o v e r i n g  summary page 

fol lowed by t h e  r a t i o n a l e  o f  t h e  a n a l y s i s .  The a n a l y s i s  r a t i o n a l e  

i n c l u d e s  t h e  f o l l o w i n g  s u b s e c t  i o n s  : 

0. SUBELEMENT Code Number: T i t l e  
The t i t l e  is w r i t t e n  i n  f u l l  r a t h e r  t h a n  i n  t h e  
shor tened  form shown i n  F i g u r e  A-1.  
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Program Number 3 

GEOCHEMICAL & MATERIALS ENGINEERING 

A 
Subelement 3-3-A , - Sampling and 

Analysis 

Subelement 3-3-B 

Process Instru- 
mentat ion 

I 

I I I 

Subelement 3-1-A 

Scaling Prediction 
. 
ISubelement 3-1-B I 
Scaling Test Loo u 
Subelement 3-1-C 

Mechanism of 
Silica Precipitation 

Technical Area 

Materials 

I I 
1 
[Subelement 3-2-Al 

Materials 
Handbook 

I Subelement 3-2-B I 

Construction 
Materials 

[Subelement 3-2-Dl 

1 Seal Materials I 

Metals 

Alloys 

Materials 

Subelement 3-2-1 

Materials 

I Testing I 

Management 

FIGURE A-1 
SUBELEMENTS OF THE GEOCHEMICAL AND MATERIALS 

ENGINEERING PROGRAM 

A- 4 

Injection and 
Disposal 

Subelement 3-4-C 

Unit 



1. PROJECT(S) I N  SUBELEMENT: 
T h i s  s u b s e c t i o n  i n c l u d e s  a l i s t  of t h e  p r o j e c t s  
conta ined  i n  t h e  subelement and a b lock  diagram 
showing t h e  p r o j e c t  r e l a t i o n s h i p s ,  t o  each o t h e r  
and t o  t h e  subel-ement g o a l .  The p r o j e c t s  can 
i n c l u d e  t h o s e  a d d i t i o n a l  t o  t h e  e x i s t i n g  ones.  

2 .  GOAL: 
The g o a l  i s  i n t e r p r e t e d  from t h e  p r o j e c t  
ob j e c t i v e s  . 

3 .  COSTS: 
The subelement c o s t s  i n c l u d e  t h e  sunk c o s t s ,  
c u r r e n t  y e a r  ( F i s c a l  Year 1978) c o s t s ,  and 
e s t i m a t e d  f u t u r e  c o s t s  of a l l  t h e  p r o j e c t s ,  
i n c l u d i n g  a d d i t i o n a l  ones,  conta ined  i n  t h e  
sub element  . 

4 .  IDENTIFICATION OF IMPACTED PARAMETERS: 
These parameters  are t h o s e  which a f f e c t  
e l e c t r i c i t y  g e n e r a t i o n  from hydrothermal  
r e s o u r c e s  i n  terms of c o s t s  and component 
performance c h a r a c t e r i s t i c s .  

5. IMPACTS ON SYSTEM PARAMETERS: 
Primary b e n e f i t s  are d e r i v e d  from c o n s i d e r a t i o n  
of impacted parameters  and are expressed  i n  t h e  
forms s u i t a b l e  f o r  i n p u t s  t o  t h e  b e n e f i t s  model. 
The s t r u c t u r e  and guides  f o r  u s e r s  of t h e  bene- 
f i t s  model are desc:ribed i n  Volume I of t h i s  
r e p o r t .  

6 .  DEGREE O F  SUCCESS: 
T h i s  i s  a s u b j e c t i v e  estimate of t h e  p r o b a b i l i t y  
of s u c c e s s  of t h e  subelement a c t i v i t i e s  r e l a t ive  
t o  t h e  subelement g o a l .  

7. RESULTS: 
The computer c a l c u l a t i o n  u s i n g  t h e  i n p u t s  
e s t i m a t e d  i n  s u b s e c t i o n  5 y i e l d s  t h e  sube le-  
ment b e n e f i t s .  These b e n e f i t s  are  expressed  
i n  terms of t h e  revenue requirement  s a v i n g  
(d iscounted  t o  1978 d o l l a r s )  i n  e l e c t r i c i t y  
product ion .  The e l e c t r i c i t y  product ion  i s  
based on a s c e n a r i o  of power p l a n t  i n s t a l -  
l a t i o n  a t  27  hydrothermal  p r o s p e c t s  i n  t h e  U.S. 
between 1979 and 2000. The " f i g u r e  of m e r i t ' '  
of t h e  subelement is t h e n  c a l c u l a t e d  by: 
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Saving 
Subelement Cost 

F i g u r e  of Merit = x Degree of Success  

The r e s u l t s  of t h e  a n a l y s i s  of primary b e n e f i t s  c o n s i s t  of two 

sets of f i g u r e s  which are c a l l e d  p e s s i m i s t i c  and o p t i m i s t i c  b e n e f i t s .  

These are used t o  r e f l e c t  t h e  u n c e r t a i n t y  i n h e r e n t  i n  such a n a l y s e s  

as t h e  ones performed h e r e .  The d e g r e e  of s u c c e s s  e s t i m a t e d  i n  

s u b s e c t i o n  6 r e f l e c t s  t h e  merits of t h e  approaches which are o u t l i n e d  

and fol lowed by p r o j e c t  c o n t r a c t o r s  i n  r e l a t i o n  t o  t h e  f i n a l  R&D g o a l  

Some subelements  have sound approaches b u t  t h e i r  r e s u l t s  can b e  

a p p l i c a b l e  t o  a f r a c t i o n  of t h e  f u t u r e  s i tes  only.  

too ,  w i l l  b e  i n c o r p o r a t e d  i n  t h e  d e g r e e s  of s u c c e s s  of t h o s e  sube le-  

ments.  

Such f r a c t i o n ,  
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2.0  SUBELEMENT 3-1-A: 

P R E D I C T I O N  OF SCALING 
TENDENCY OF GEOTHERZAL B R I N E  
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BENEFITICOST RATIONALE AND RESULTS 

3-1-02 

Preliminary 
Study 

SUBELEMENT NUMBER 3 - 1 4  CONTRACT N UMBER(S) 05ENG36 

TITLE P r e d i c t i o n  of S c a l i n g  Tendency of Geothermal B r i n e  

CONTRACTOR(S) Los Alamos S c i e n t i f i c  Labora tory ,  Lawrence Berkeley Labora tory  

3-1-03 3-1-01 

Basic Exploratory Advanced Engineering Demonstration & 
Research Development Development Development Commercialization 

RELATED PROJECTS 
3-1-01 S c a l e  Formation Modeling 
3-1-02 Minera l  S o l u b i l i t y  Data '- R.FP 
3-1-03 H y d r o d y n a m i c p i n e t i c  Reac t ion  Engineer ing  R&D - RFP 

F.Y. 

I CURRENT STATE OF R&D: (CHECK APPROPRIATE STAGES) 

~ 0 7 a  78 79 80 81 82 83 84 85 >85 TOTAL 

549 549 

506 1420 300  800 300 3326 

0 

549 506 1420 300 800 3 0 0  3875  
- 

OPTIMISTIC 36.7 

PESSIMISTIC 20 .2  

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

4 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

($1OOOs, CURRENT YEAR) 1 

2956 1 I Discounted Total of Planned and Additional: 

~~ ~~ ~ 

EXPECTED YEAR OF COMMERCIALIZATION 1983 

EXPECTED DEGREE OF SUCCESS 1.0 

OPTIMISTIC 1 3 2 . 3  

PESSIMISTIC 72.7 

OPTIMISTIC 44.7 

PESSIMISTIC 24 .6  

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

FIGURE OF MERIT 
(WIOSUNKCOSTS) 
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2 . 1  P r o j e c t s  i n  Subelement 

77 TOTAL 77  

400 149 549 

0 0 0 

0 0 0 

400 149 549 

484 164 648 

PROJECT CODE PROJECT TITLE 

78  

200 

156 

150 

506 

506 

3-1-01 Scale Formation Modeling 
3-1-02 
3- 1-03 Hydrodynamic/Kinetic Reac t ion  Engineer ing 

Mineral  S o l u b i l i t y  Data - RFP 

R&D - RFP 

3-1-01 

3-1-02 

3- 1-03 

2 .2  Goal 

Understanding of b r i n e  chemistry and c a p a b i l i t y  t o  p r e d i c t  

q u a n t i t a t i v e l y  t h e  s c a l i n g  tendency of geothermal  b r i n e s .  

! .3  c o s t s  

PROJECT 
CODE 

3-1-01 

3-1-02 

3- 1-03 

TOTAL 

($78)  

1 
COST ( $  :lOOO) 

79 

200 

200 

102c 

142C 

129 1 
-- 

I BY FISCAL YEAR 
- 

8 0  
- 

300 

0 
- 

3 00 

273 
- 

- 

81 

3 00 

5 00 
- 

800 

661 
- 

82  

300 

- 

300 

225 
- 

,A- 1 1 



2 . 4  I d e n t i f i c a t i o n  of Impacted Parameters  

S c a l i n g  due t o  d e p o s i t i o n  of b r i n e  c o n s t i t u e n t s  can occur  i n  p l a n t  

components t h a t  are i n  c o n t a c t  w i t h  b r i n e .  These i n c l u d e  w e l l  c a s i n g ,  

f l u i d  t r a n s p o r t  systems,  and h e a t  exchangers .  The b e n e f i t s  of t h e  

subelement 3-1-A 0an be e s t i m a t e d  by examining t h e  e f f e c t s  

t h a t  t h e  R&D p r o j e c t s ,  assumed s u c c e s s f u l ,  could have on t h e s e  com- 

ponents .  The approach i s  based on t h e  fo l lowing  unders tandings :  

( i )  The a b i l i t y  t o  p r e d i c t  s c a l i n g  tendency does n o t  
s o l v e  t h e  s c a l i n g  problems. 

( i i )  Since t h e  s c a l i n g  tendency of d r y  steam is  n e g l i g i b l e  
compared w i t h  t ha t  of s team-brine m i x t u r e s  and b r i n e  
a l o n e ,  components of dry-steam p l a n t s  are assumed t o  
b e  u n a f f e c t e d  by s c a l i n g .  

The b e n e f i t s  of having t h e  a b i l i t y  t o  p r e d i c t  t h e  s c a l i n g  

tendency of t h e  b r i n e  can b e  i d e n t i f i e d  i n  two areas: 

management and component d e s i g n .  

o p e r a t i o n s  

Opera t ions  Management: L e t  u s  assume t h a t  a geothermal  power 

p l a n t  i s  i n  o p e r a t i o n  and examine t h e  O&M s t e p s  taken  by t h e  p l a n t  

manager o r  a p l a n t  e n g i n e e r  t o  e n s u r e  proper  f u n c t i o n i n g  of t h e  

p l a n t .  I f  t h e  p l a n t  manager does n o t  have . in format ion  on s c a l i n g  

c h a r a c t e r i s t i c s  of t h e  b r i n e ,  h e  would de te rmine  t h e i r  e f f e c t s  by 

c o n t i n u o u s l y  examining t h e  performance of t h o s e  p l a n t  components 

which are i n  c o n t a c t  w i t h  t h e  b r i n e .  A s  an  example, he f i n d s  t h a t ,  

w i t h  c o n s t a n t  i n l e t  c o n d i t i o n s ,  t h e  f l u i d  f low rate  i n  t h e  t r a n s p o r t  

system i s  d e c r e a s i n g .  

p r e s s u r e s  t h a t  t h e  system i s  being clogged up somewhere a long  t h e  

H e  might assume a f t e r  checking upstream 
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f low p a t h  and might d e c i d e  a t  11 p a r t i c u l a r  t i m e  t h a t  t h e  system must 

be t a k e n  a p a r t  f o r  e i t h e r  c l e a n i n g  o r  replacement .  Now, i f  an 

accurate .  method of s c a l i n g  p r e d i c t i o n  i s  a v a i l a b l e ,  t h e  manager 

can estimate when and e s p e c i a l l y  where t h e  system needs c l e a n i n g  o r  

rep lacement ,  and hence,  schedule  t h e  0 & M  a c t i v i t i e s  and manage h i s  

l a b o r  r e s o u r c e s  more e f f e c t i v e l y .  It i s  n o t e d ,  however, t h a t  

because t h e  O&M requi rements  are  unchanged, t h e  o p e r a t i n g  power f a c t o r  

can be assumed t o  b e  u n a f f e c t e d .  The sav ing  which i s  i d e n t i f i a b l e  

h e r e  i s  t h e  r e d u c t i o n  i n  t h e  OSlM c o s t s .  

Component Design: I f  t h e  method f o r  p r e d i c t i n g  scale format ion  

i s  a v a i l a b l e ,  estimates of f o u l i n g  of components i n  c o n t a c t  w i t h  t h e  

b r i n e  are p o s s i b l e .  Hence, a c e r t a i n  amount of g u e s s  work i n  equip- 

ment d e s i g n  can b e  e l i m i n a t e d ,  and,  consequent ly ,  a s u b s t a n t i a l  

p o r t i o n  of overdes ign  can be avoided.  The d e r i v a t i v e  b e n e f i t  i s  a 

r e d u c t i o n  i n  c a p i t a l  c o s t s .  Components which are a f f e c t e d  by 

s c a l i n g  problems are  w e l l s  (p roduct ion  and i n j e c t i o n  w e l l s ) ,  

g a t h e r i n g  p i p e l i n e s ,  and h e a t  exchangers .  

2 .5  Impacts  on System Parameters  

2 .5 .1  Opera t ion  Management 

Reduction of O&M c o s t s  due t o  e f f e c t i v e  management is  d i f f i c u l t  

t o  q u a n t i f y  wi thout  performing an  e x t e n s i v e  a n a l y s i s  on t h e  overhead 

s t r u c t u r e  and o p e r a t i n g  procedures  of geothermal  power p l a n t s  on a 

s i t e  b a s i s .  Such e x t e n s i v e  a n a l y s i s  i s  c l e a r l y  n o t  p o s s i b l e  a t  t h i s  

s t a g e  because t h e  U.S. geothermal  i n d u s t r y  h a s  n o t  y e t  been developed 

t o  t h e  l e v e l  which can provide  adequate  i n f o r m a t i o n  f o r  doing so .  
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The estimate p r e s e n t e d  h e r e  t h u s  i s  approximate and i s  based on 

t h e  f o l l o w i n g  assumptions : 

( i )  The p o r t i o n  of O&M c o s t s  which is p o s s i b l y  impacted 
by e f f e c t i v e  management is  t h e  l a b o r  c o s t .  The 
l a b o r  c o s t  i s  assumed t o  c o n s t i t u t e  about  30% of 
t h e  t o t a l  O&M c o s t s .  

( i i )  S c a l i n g  problems are expected t o  b e  more pronounced 
a t  h i g h  s a l i n i t y  si tes t h a n  a t  low s a l i n i t y  si tes.  

( i i i )  Components i n  c o n t a c t  w i t h  b r i n e  are assumed t o  b e  
a f f e c t e d  by s c a l i n g  problems more i n  f l a s h  steam 
systems t h a n  i n  b i n a r y  systems.  

( i v )  The impacts  are assumed t o  depend on t h e  s e v e r i t y  
of s c a l i n g  problems. 
problems t h e  s t r o n g e r  t h e  i m p a c t s .  

The more pronounced t h e  

Because t h e  e f f e c t i v e n e s s  of t h e  O&M management does n o t  

s o l v e  t h e  s c a l i n g  problems, o n l y  a p o r t i o n  o f . t h e  l a b o r  c o s t  i s  

a f f e c t e d  by t h e  r e s u l t s  of t h i s  subelement.  The magnitude of t h i s  

p o r t i o n  varies depending on t h e  O&M c o s t  i t e m s  and t h e  accuracy  of - 

t h e  p r e d i c t i o n  method. Thus, t h e  impact of t h i s  subelement h a s  a 

range r a t h e r  than  a s i n g l e  f i g u r e .  I f  t h e  p r e d i c t i o n  method i s  

a c c u r a t e  and t h e  O&M c o s t  i t e m  under  c o n s i d e r a t i o n  is  s e n s i t i v e  t o  

s c a l i n g  problems, t h e  e f f e c t i v e n e s s  of t h e  O&M management i s  

assumed t o  impact no more t h a n  30 p e r c e n t  of t h e  l a b o r  c o s t  o r ,  

accord ing  t o  assumption ( i ) ,  9 p e r c e n t  of t h e  O&M c o s t .  I n  t h e  o t h e r  

extreme,  where t h e  p r e d i c t i o n  method t u r n s  o u t  t o  be i n a c c u r a t e  and/or  

t h e  O&M c o s t  i t e m  i s  c o s t  s e n s i t i v e  t o  s c a l i n g  problems, t h e  impact 

can e a s i l y  be z e r o .  
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According t o  t h e  above argument,  t h e  impact of t h i s  subelement 

on any 06rM c o s t  i t e m  i s  somewhere between 0 and -9 p e r c e n t .  Taking 

0 and -9 p e r c e n t  as t h e  lower and upper  l i m i t s ,  impacts  on 

i n d i v i d u a l  OhM c o s t  i t e m s  were e s t i m a t e d  w i t h i n  t h e  framework of 

assumptions ( i i )  , ( i i i )  , and ( i v )  as f o l l o w s :  

PESSIMISTIC OPTIMISTIC 
BENEFIT MODEL INPUT PARAMETERS FLASH BINARY FLASH BINARY - 

% Change i n  Producer  General  06rM Cost 

% Change i n  Producer* Well O6M Cost 

% Change i n  Producer  Well OhM Cost 

% Change i n  Producer  Well O&M Cost 

% Change i n  Producer  Deep Well Pump 

% Change i n  Producer  Deep Well Pump 

% Change i n  U t i l i t y  General  0hM Cost 

Factor+ 0 

F a c t o r  (Low S a l i n i t y )  0 

F a c t o r  (High S a l i n i t y ,  T >450°F) -3.0 

F a c t o r  (High S a l i n i t y ,  T > 4 5 O o F )  -5.0 

06M Cost F a c t o r  (F lash)  -5.0 

06M Cost F a c t o r  (Binary)  0 

F a c t o r  (Binary Systems) 0 

0 -5.0 

0 -5.0 

-2.0 -9.0 

-3.0 -9.0 

0 -9.0 

0 0 

0 0 

-3.0 

-3.0 

-6.0 

-6.0 

0 

-3.0 

-0.5f:k 

NOTE: (*) Producer  owns and o p e r a t e s  product ion  and i n j e c t i o n  w e l l s ,  
separators ,  and b r i n e  and s t e a m  p i p e l i n e s .  

(**) Small  because only  O&M of t h e  h e a t  exchangers  i s  a f f e c t e d .  
(+) T h i s  f a c t o r  i n c l u d e s  p i p i n g  systems.  

2 .5 .2  Component Design 

Three components are  d i s c u s s e d  h e r e .  They are  w e l l s ,  f l u i d  

g a t h e r i n g  and t r a n s p o r t  sys tems,  and h e a t  exchangers .  W e l l  d e s i g n  i s  

mainly based on d r i l l i n g  and w e l l  complet ion t e c h n o l o g i e s ,  and t h e  

flow c h a r a c t e r i s t i c s  of t h e  r e s o u r c e .  I t  t a k e s  i n t o  c o n s i d e r a t i o n  

t h e  s c a l i n g  tendency of t h e  r e s o u r c e  i n  terms of w e l l  economy and 

w e l l  o p e r a t i o n s  b u t  is n o t  dependent on s c a l i n g  tendency f o r  d e s i g n  
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purposes .  The knowledge of b r i n e  s c a l i n g  tendency would, i n  some 

c a s e s ,  sugges t  abandoning incompleted w e l l s  and would c e r t a i n l y  a f f e c t  

t h e  O&M of t h e  w e l l s ,  b u t  i s  expec ted  t o  make minimal impacts  on t h e  

w e l l  c a p i t a l  c o s t .  A similar  argument a p p l i e s  t o  t h e  f l u i d  g a t h e r i n g  

and t r a n s p o r t  systems.  I n  d e s i g n i n g  t h e  p i p e l i n e s  and p r e s s u r e  

v e s s e l s  f o r  t h e  g a t h e r i n g  and t r a n s p o r t  systems,  one might tend  t o  

overdes ign  t h e  w a l l  t h i c k n e s s  t o  accomodate t h e  u n c e r t a i n t y  i n  

s p e c i f y i n g  b r i n e  c o r r o s i o n  ra te ,  r a t h e r  t h a n  d e s i g n  t h e  system f o r  

s c a l i n g .  

s c a l i n g  tendency of geothermal  b r i n e  does no t  no t i ceab ly  a f r e c t  the 

Thus i t  is  r e a s o n a b l e  t o  assume t h a t  t h e  a b i l i t y  t o  p r e d i c t  

c a p i t a l  c o s t s  of w e l l s  and g a t h e r i n g  and t r a n s p o r t  systems.  I ts  

b e n e f i t s  can b e  i d e n t i f i e d  i n  t h e  h e a t  exchanger c o s t s ,  however. 

The s c a l i n g  r e l a t e d  parameter  used i n  t h e  d e s i g n  of h e a t  exchan- 

g e r s  i s  t h e  w a t e r s i d e  f o u l i n g  f a c t o r .  The f o u l i n g  f a c t o r  is  t h e  h e a t  

t r a n s f e r  r e s i s t a n c e  of t h e  scale  on t h e  h e a t  exchange s u r f a c e  and i s  

t h e  l i m i t  of t h e  scale bui ld-up a t  which t h e  r e q u i r e d  performance of 

t h e  h e a t  exchanger can s t i l l  b e  achieved .  The h i g h e r  t h e  v a l u e  of 

t h e  f o u l i n g  f a c t o r  t h e  more h e a t  exchange s u r f a c e  i s  r e q u i r e d  and 

hence t h e  more c o s t l y  t h e  h e a t  exchanger .  Thus i t  can b e  s e e n  t h a t  

overdes ign  which r e s u l t s  i n  unnecessary  h i g h  c o s t  is  v e r y  l i k e l y  h e r e  

i f  s c a l i n g  tendency of t h e  b r i n e  is  n o t  known. L e t  u s  now t a k e  a 

c l o s e r  look a t  t h e  d e s i g n  method f o r  h e a t  exchangers .  

The h e a t  exchange area A i s  c a l c u l a t e d  by 

A =  L 
UA tm 
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where Q and A t ,  a re  t h e  h e a t  t o  b e  t r a n s f e r r e d  and t h e  c o r r e c t e d  l o g  

mean tempera ture  d i f f e r e n c e  r e s p e c t i v e l y ,  and are t h e  performance 

c h a r a c t e r i s t i c s  t o  b e  s p e c i f i e d  p r i o r  t o  d e s i g n i n g  h e a t  exchanger;  

U i s  t h e  o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  t o  b e  determined.  The 

c o e f f i c i e n t  U i s  c a l c u l a t e d  blr: 

- 1 1  = - + f o  + -- 1 *o + f i q + r w  AO 

ho h i  A i  

where h i s  t h e  f i l m  c o e f f i c i e n t ,  f t h e  f o u l i n g  f a c t o r ,  and rw t h e  

h e a t  t r a n s f e r  r e s i s t a n c e  of t h e  t u b e  w a l l s .  The s u b s c r i p t s  o and i 

d e n o t e  o u t s i d e  and i n s i d e  of t h e  t u b e s  r e s p e c t i v e l y .  The c r o s s  

s e c t i o n a l  area r a t i o  A o / A i  i s  used t o  conver t  t h e  i n s i d e  q u a n t i t i e s  

t o  t h e  o u t s i d e  v a l u e s .  L e t  u s  c o n s i d e r  a d e s i g n  case u s i n g  314 inch  

OD t u b i n g s  w i t h  t h e  fo l lowing  q u a n t i t i e s :  

h0 = 300 B t u / ( h r . f t 2  OF) 

f 0  

h i  

A,/Ai  = 0 . 7 5 / 0 . 6 2  = 1 . 2 1  (16 BWG tubing)  

= 0.0005 h r .  f t 2  OF/Btu 

= 1500 B t u / ( h r .  ft;! O F )  

r W  = n e g l i g i b l e  

and hence 

1 
- = 0.003333 + 0.0005 + 0.000807 + 1 . 2 1  f i  U 

= 0.004640 + 1 . 2 1  f i  
( 3 )  

The v a l u e s  s p e c i f i e d  above are t y p i c a l  f o r  exchangers  of s e n s i b l e  

h e a t  and b o i l i n g  h e a t .  L e t  u s  assume a l s o  t h a t  because of t h e  l a c k  

of knowledge on s c a l i n g  tendency of t h e  b r i n e ,  a v a l u e  0.004 i s  t a k e n  
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f o r  f i .  

t o  105.5 

of f i  i s  

This  makes t h e  v a l u e  of U ,  accord ing  t o  e q u a t i o n  (31 ,  e q u a l  

Btu / (hour . f t2 'F) .  I f ,  under  t h e  same c o n d i t i o n s ,  t h e  v a l u e  

r e a l l y  0.002 as p r e d i c t e d  by t h e  r e s u l t s  of subelement 3-1-A, 
.3 

t h e  c o e f f i c i e n t  U becomes 141.6 Btu/ (hour.  ft"F) . S i n c e  t h e  h e a t  

exchange area i s  i n v e r s e l y  p r o p o r t i o n a l  t o  U, t h e  v a l u e  of A becomes 

smaller. I f  0.8 power i s  used f o r  t h e  r e l a t i o n s h i p  between c a p i t a l  

c o s t  and area f o r  h e a t  exchangers ,  t h e  new c o s t  becomes: 
0.8 

= o l d  c o s t  x 0.79 105.5 New c o s t  = o l d  c o s t  - 141.6 

Thus a c o s t  r e d u c t i o n  of (1 - 0.79) = 2 1  p e r c e n t  r e s u l t s .  I f  t h e  

accuracy of the p r e d i c t i o n  method developed i n  subelement 3-1-A i s  

d o u b t f u l ,  some overdes ign  i s  r e q u i r e d  f o r  a s a f e  d e s i g n .  So, i n s t e a d  

of 0 ,002,  a v a l u e  of 0.0025 i s  used f o r  f i .  

from c a l c u l a t i o n s  u s i n g  e q u a t i o n s  ( 3 )  and ( 4 )  i s  1 6  p e r c e n t .  

The r e s u l t i n g  c o s t  s a v i n g  

The above c a l c u l a t i o n s  i l l u s t r a t e  t h e  o r d e r  of magnitude of 

p o s s i b l e  c o s t  sav ing  i f  overdes ign  can be avoided.  Hence, t a k i n g  

i n t o  account  t h e  v a r i a t i o n  i n  accuracy  of t h e  p r o d u c t ,  i t  i s  

r e a s o n a b l e  t o  assume t h a t  t h e  b e n e f i t s  of t h e  subelement 3-1-A i n  

t h i s  a s p e c t  i s  somewhere between 1 5  and 25 p e r c e n t  s a v i n g  i n  h e a t  

exchanger c a p i t a l  c o s t .  I n  terms of  t h e  i n p u t  parameter  f o r  t h e  

c o s t  mode, h e a t  exchanger c o s t  makes up about  60% of t h e  u t i l i t y  

p r o c e s s  mechanical  c a p i t a l  c o s t s ,  and t h e  imapct of  t h e  b e n e f i t  

becomes : 

B e n e f i t  Model I n p u t  Parameter  

% Change i n  C a p i t a l  Cost of 
P r o c e s s  Mechanical ( u t i l i t y )  

PESSIMISTIC OPTIMISTIC 
(Binary Only) (Binary Only) 

-9.0 -15.0 
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2.6 Degree of Success  

The a c t i v i t i e s  involved i n  t h e  subelement 3-1-A are  f a i r l y  

T 

FIGURE OF MERIT 
FY78 TO HISTORICAL 

COMPLETION PLANNED & SUNK 

BENEFIT 
( $  106) 

> 1978  DOLLARS 

OP TIM1 S T I  C 1 3 2 . 3  44.7 36.7 

PES SIMIS T I  C 72 .7  2 4 . 6  20 .2  

* 

s t r a i g h t f o r w a r d .  They i n c l u d e  two s p e c i f i c  t a s k s :  

( i )  Observing and r e p o r t i n g  b r i n e  b e h a v i o r s ,  and 

( i i )  C o n s t r u c t i n g  a computer model t o  p r e d i c t  s c a l i n g  
tendency of t h e  b r i n e  u s i n g  t h e  d a t a  o b t a i n e d  i n  
Task ( i )  . 

Therefore ,  i t  i s  expected t h a t  t h e  degree  of s u c c e s s  i s  h igh .  

Indeed s ince  t h e r e  i s  no reason  t o  b e l i e v e  o t h e r w i s e ,  and s i n c e  i t  

i s  expected t h a t  t h e  r e s u l t s  wi:L1 b e  used a t  a l l  s i tes,  t h e  degree  

of s u c c e s s  i s  assumed t o  be l . 0 .  Note t h a t  t h e  accuracy  of t h e  

p r e d i c t i o n  method t o  be developed i n  t h i s  subelement h a s  been 

accounted f o r  i n  t h e  estimates of t h e  subelement b e n e f i t s .  The 

degree  of s u c c e s s  e s t i m a t e d  h e r e  i s ,  t h e r e f o r e ,  no more t h a n  t h e  

l i k e l i h o o d  t h a t  t h e  subelement b e n e f i t s  one t o  b e  as e s t i m a t e d .  

2 .7  R e s u l t s  
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3.0 SUBELEMENT 3- 1-B : 

STUDY OF SCA.LING I N  TEST LOOP 
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BENEFlTlCOST RATIONALE AND RESULTS 
I 

J 

Preliminary Basic Exploratory Advanced Engineering 
Study Research Development Development Development 

SUBELEMENT NUMBER 3-1-B I 

Demonstration & 
Commercialization 

CONTRACT NUMBER(S) 05ENG26 

TITLE Study of S c a l i n g  i n  a T e s t  Loop 

~~ I CONTRACTOR(S) Oakridge N a t i o n a l  Labora tory  

RELATEDPROJECTS 3-1-06: 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 
A d d i t i o n a l  ( i )  Extend t h e  same p r o j e c t  t o  cover  f i e l d  c o n d i t i o n s  and o t h e r  

p r a c t i c a l  p i p e  materials and p i p e  d i a m e t e r s  
( i i )  Develop p r e d i c t i o n  method 

($1OOOS, CURRENT YEAR) 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

Discounted Total of Planned and Additional: 1489 

I I EXPECTED YEAR OF COMMERCIALIZATION 1983 

I I EXPECTED DEGREE OF SUCCESS 0.1 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

I OPTIMISTIC 132.3 

I PESSIMISTIC 72.7 

FIGURE OF MERIT 
( W I O  SUNK COSTS) 

OPTIMISTIC 88.9 

PESSIMISTIC 53.0 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

I OPTIMISTIC 48.8 

29.1 

SEE ATTACHED PAGES FOR RATIONALE 
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3 . 1  P r o j e c t s  i n  Subelement 

I I 

77 TOTAL 78 77 

559 300 859 250 

559 300 859 250 
676 330 1006 250 

PROJECT 
CODE 

79 80  

0 0 
300 300 

300 300 
273 248 

PROJECT TITLE 

200 
500 

3-1-06 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 

200 0 400 400 
500 0 1850 2709 

A d d i t i o n a l  ( i )  P r o j e c t  3-1.-06 as i t  s t a n d s  now is l i m i t e d  i n  
sc0pe.an.d ranges  of a p p l i c a t i o n s .  To b r i n g  i t  
t o  b e n e f i c i a l  g o a l ,  i t  must b e  extended t o  cover  
f i e l d  c o n d i t i o n s  and o t h e r  p r a c t i c a l  p i p e  
materials and c o n f i g u r a t i o n s .  

376 

( i i )  A f t e r  c o l l e c t i n g  adequate  d a t a ,  a method f o r  
p r e d i c t i n g  t h e  e x t e n t  of p r e c i p i t a t i o n  and 
s c a l i n g  u s i n g  c o l l e c t e d  d a t a  must b e  developed.  

342 0 1489 2495 

-- 

Add it  i o n a l  

-- 
( i> 

3-1-06 

I I 1 A d d i t i o n a l  (ii) /----A 13 Impact 
GOAL 

3 . 2  Goal 

A v a i l a b i l i t y  of p r e c i p i t a t i o n  and s c a l i n g  d a t a  and a method o r  

methods f o r  p r e d i c t i n g  s c a l i n g  tendency of geothermal  b r i n e .  

3 . 3  c o s t s  

PRO J E  C1 
CODE 

3-1-06 
Idd ( i )  
Idd ( i i )  

TOTAL 
($78) 

COST ($1000) BY FISCAL YEAR I 
r 1 r I r 

.~ 0 1200 1200 300 300 
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3.4 I d e n t i f i c a t i o n  of Impacted Parameters  

Because t h e  g o a l  of t h i s  subelement  i s  t h e  same as t h a t  of t h e  

p r e v i o u s  subelement,  3-1-A, t h e  impacted parameters  are t h e  same and 

are d i s c u s s e d  i n  s u b s e c t i o n  1.4.  They are: 

(i) 

( i i )  

The l a b o r  r e s o u r c e  of t h e  O&M management 

The c a p i t a l  c o s t  of t h e  h e a t  exchangers .  

3 .5  Impacts on System Parameters  

The a n a l y s i s  i s  t h e  same as t h a t  of t h e  subelement 3-1-A and is 

d i s c u s s e d  i n  s u b s e c t i o n  1.5. The r e s u l t s  are summarized below: 

BENEFIT MODEL INPUT PARAMETERS 
PESSIMISTIC OPTIMISTIC 
FLASH BINARY FLASH BINARY 

% Change i n  Producer  Well O&M Cost F a c t o r  0 
(Low S a l i n i t y )  

% Change i n  Producer  Well O&M Cost F a c t o r  
(High S a l i n i t y ,  T < 450OF) 

-3.0 

% Change i n  Producer  Well O&M Cost F a c t o r  -5.0 
(High S a l i n i t y ,  T > 450°F) 

% Change i n  Producer  Deep Well Pump 0&M -5.0 
Cost F a c t o r  ( F l a s h ,  T < 20OoC) 

% Change i n  Producer  Deep Well Pump O&M 0 
Cost  F a c t o r  (Binary ,  T < 260OC) 

% Change i n  U t i l i t y  General  0 & M  Cost 0 
F a c t o r  (Binary Systems) 

% Change i n  C a p i t a l  Cost of P r o c e s s  0 
Mechanical ( U t i l i t y )  

3.6 Degree of Success  

0 -5.0 

-2.0 -9.0 

-3.0 -9.0 

0 -9.0 

0 0 

0 0 

-9.0 0 

-3.0 

-6.0 

-6.0 

0 

-3.0 

-0.5 

-15.0 

Although t h e  g o a l  of t h i s  subelement is t h e  same as t h a t  of 

subelement 3-1-A, t h e  c u r r e n t  a c t i v i t y ,  p r o j e c t  3-1-06, h a s  a somewhat 
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d i f f e r e n t  approach. P r o j e c t  3-1-06 involves  t h e  bu i ld ing  of a test  

loop and ca r ry ing  out  tes t  runs  f o r  s y n t h e t i c  b r i n e s  prepared i n  

t h e  l abora to ry .  It does no t  cons ider  nonessen t i a l  chemicals con- 

s t i t u e n t s  and p a r t i c u l a r l y  d isso lved  gases .  Thus, t h e  r e s u l t s  might 

no t  be a p p l i c a b l e  t o  real  s i t u a t i o n s  and t h e r e f o r e  t h e  degree of 

success  is  expected t o  be smaller than  u n i t y .  However, i f  a d d i t i o n a l  

p r o j e c t s  and fundings a r e  allowed f o r  as suggested,  i t  i s  reasonable  

OPTIMISTIC 

PESSIMISTIC 

t o  b e l i e v e  t h a t  t h e  degree of success  can be t h e  same as  t h a t  of 

132.3 

7 2 . 7  

t h e  subelement 3-1-A, i . e . ,  1.0. 

3.7 Resu l t s  I 1978 DOLLARS 

- 

BENEFIT 
( $  106) 

I- 

FIGURE OF MERIT I 
FY78 TO 

COMPLETION 

88.9 

48.8 

HISTORICAL 
PLANNED + SUNK 

It i s  noted t h a t  t h i s  subelement d u p l i c a t e s  t h e  e f f o r t  of 

subelement 3-1-A. Therefore ,  t h e s e  results have not  been c a r r i e d  

forward t o  t h e  summary t a b l e  (Table 11) i n  t h e  t e x t  of t h e  r e p o r t .  
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4.0 SUBELEMENT 3-1-C: 

MECHANISM OF SILICA SCALING 
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BENEFlTlCOST RATIONALE AND RESULTS 

Preliminary Basic 
Study Research 

~~ ~~ 

SUBELEMENT NUMBER 3-1-C 

J 

Exploratory Advanced Engineering Demonstration 8 
Development Development Development Commercialization 

~~~~~ 

CONTRACT NUMBER(S) 05ENG48 

F.Y. 

TITLE Mechanism of S i l i c a  P r e c i p i t a t i o n  

To78 78 79 80 81 82 83 84 85 >85 TOTAL 

379 379 

100 100 

0 

379 100 479 

CONTRACTOR(S) Lawrence Berkeley Laboratory 

RELATEDPROJECTS 3-1-07 Empir ical  K ine t i c  Reaction Model (LBL) 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

I I Discounted Total of Planned and Additional: 

EXPECTED YEAR OF COMMERCIALIZATION 1979 

EXPECTED DEGREE OF SUCCESS 0.6 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

OPTIMISTIC 1.9 

PESSIMISTIC 0 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

OPTIMISTIC 11.5 

PESSIMISTIC 0 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

OPTIMISTIC 2.1 

PESSIMISTIC 0 

SEE ATTACHED PAGES FOR RATIONALE 
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4.1  P r o j e c t  i n  Subelement 

P r o j e c t  Code P r o j e c t  T i t l e  

3-1-07 Empirical .  K i n e t i c  Reac t ion  Model 

PROJECT 
CODE 

3-1-07 

$78 

3-1-07 --a I-> Impact 
GOAL 

79 80 81  82 83 ';itL TOTAL 

277 102 379 100 100 479 

335 112 447 100 1 0 0  547 

77 PRIOR 77  TOTAL 

4.2 Goal -. 

C a p a b i l i t y  t o  q u a n t i t a t i v e l y  p r e d i c t  t h e  chemical  b e h a v i o r  of 

s i l i c a  i n  geothermal  b r i n e s  s u b j e c t e d  t o  t h e  energy  c o n v e r s i o n  p r o c e s s .  

S i l i c a  s c a l i n g  i s  a major  p r e c i p i t a t i o n  problem i n  systems of b r i n e  

tempera ture  a t  25OOC and above. 

4.3  c o s t s  

I I 
- 

COST ($1000) BY FISCAL YEAR 

4.4 I d e n t i f i c a t i o n  of Impacted Parameters  

The g o a l  of t h i s  subelement  d i f f e r s  from t h a t  of t h e  subelement  

3-1-A because  i t  c o n s i d e r s  o n l y  s i l i c a  p r e c i p i t a t i o n  r a t h e r  t h a n  b o t h  

c a r b o n a t e  and s i l i c a  p r e c i p i t a t i o n .  T h i s  d i f f e r e n c e  g i v e s  rise t o  t h e  

f o l l o w i n g  p o i n t s :  

( i )  Because s i l i c a  p r e ' c i p i t a . t i o n  starts t o  have i t s  e f f e c t s  
i n  b r i n e s  a t  25OOC and a.bove and because  system d e s i g n  
d i c t a t e s  t h a t  f l a s h  s team p l a n t s  are  more economical  



than b i n a r y  p l a n t s  a t  b r i n e  temperature  g r e a t e r  than 
250OC as assumed i n  t h e  b e n e f i t s  model, b inary  p l a n t s  
w i l l  n o t  be a f f e c t e d  by t h i s  subelement. 

( i i )  A s  t h e  consequence, overdesign of hea t  exchangers i s  
no t  considered as an impacted parameter.  

Thus t h e  impacted parame.ter of t h i s  subelement i s  only t h e  O&M 

c o s t  which has  been d iscussed  i n  subsec t ion  1 . 4 .  

4.5 Impacts on System Parameters  

The a n a l y s i s  f o r  t h e  e f f e c t s  on O&M c o s t s  of t h i s  subelement 

fo l lows  t h e  same argument as t h e  one presented  f o r  t h e  subelement 

3-1-A i n  subsec t ion  1.5.1. However t h e  impacts are  expected .to be  

s l i g h t l y  less because carbonate  p r e c i p i t a t i o n  a l s o  occurs  i n  a d d i t i o n  

t o ,  a l though a t  a lesser e x t e n t  than ,  s i l i c a  p r e c i p i t a t i o n  i n  b r i n e s  

of T > 250OC. A f a c t o r  of 0.8 is  assumed as t h e  m u l t i p l i e r  which 

t r a n s l a t e s  t h e  b e n e f i t s  i d e n t i f i e d  i n  subsec t ion  1 .5 .1  t o  t h e  b e n e f i t s  

f o r  t h i s  subelement.  Thus t h e  r e s u l t e d  b e n e f i t s  can be  summarized as 

fo l lows  : 

PESSIMISTIC OPTIMISTIC 
Benef i t  Model Input  Parameters  (FLASH ONLY) (FLASH ONLY) 

% Change i n  Producer Well O&M Cost Fac to r  
(Low S a l i n i t y )  0 -4 .0  

% Change i n  Producer Well O&M Cost Fac to r  -4.0 - 7 . 2  
(High S a l i n i t y ,  T > 45OOF) 

4.6 Degree of Success 

The a c t i v i t i e s  i n  t h i s  subelement involve  t h r e e  s e q u e n t i a l  s t e p s  

i n  t h e  fo l lowing  order :  

A-34 



( i )  L i t e r a t u r e  r e s e a r c h  an.d c o l l e c t i o n  of p u b l i s h e d  d a t a  
on s i l i c a  p r e c i p i t a t i o n  

OPTIMISTIC 

PESSIMISTIC 

( i i )  B u i l d i n g  a l o g i c a l  and e m p i r i c a l  k i n e t i c  computer 
model f o r  t h e  p r e c i p i t a t i o n  of s i l i c a  u s i n g  t h e  
c o l l e c t e d  d a t a  

FIGURE OF MERIT BENEFIT 

1978 DOLLARS FY78 TO HISTORICAL 
COMPLETION PLANNED + SUNK 

( $  106) 

1.9 11.5 2 . 1  

0.0 0.0 0.0 
- 

( i i i )  T e s t i n g  t h e  accuracy  of t h e  model u s i n g  d a t a  o b t a i n e d  
i n  l a b o r a t o r y  exper iments  w i t h  s y n t h e t i c  b r i n e s .  

Thus, i t  can be seen  t h a t  t h e  d e g r e e  of s u c c e s s  of t h e  model 

g r e a t l y  depends on how w e l l  t h e  b a s e  d a t a  and tes t  d a t a  r e p r e s e n t  

s i t e  s p e c i f i c  c o n d i t i o n s  of U.S. r e s o u r c e s .  It i s  unders tood  a t  

t h e  t i m e  t h i s  r e p o r t  is be ing  w i r t t e n  t h a t  l i t t l e  work h a s  been 

done of s i l i c a  p r e c i p i t a t i o n  under  f i e l d  c o n d i t i o n s .  T h e r e f o r e ,  

t h e  u s e f u l n e s s  of t h e  model might: be d o u b t f u l ,  even f o r  r e s o u r c e s  

having b r i n e  p r o p e r t i e s  f a l l i n g  w i t h i n  a p p l i c a b l e  r a n g e s  of t h e  

model. A s  a consequence, i t  i s  expec ted  t h a t  t h e  l i k e l i h o o d  t h a t  

t h i s  subelement w i l l  have t h e  b e n e f i t s  as  e s t i m a t e d  i s  c o n s i d e r a b l y  

less t h a n  100%. A l l  t h i n g s  c o n s i d e r e d ,  i t  i s  e s t i m a t e d  t h a t  t h e  

d e g r e e  of s u c c e s s  of t h i s  subelement i s  probably  g r e a t e r  t h a n  h a l f  

and f a r  less t h a n  u n i t y -  and,  hence,  i s  assumed t o  be 0.6.  

4.7 R e s u l t s  
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5.0 SUBELEMENT 3-1-D: 

STUDY OF S I L I C A  P R E C I P I T A T I O N  I N  SUPERSATURATED WATER 

A.- 3 7 





BENEFITICOST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3-1-11 CONTRACT NUMBER(S) c022607 

TITLE Study of S i l i c a  P r e c i p i t a t i o n  i n  S u p e r s a t u r a t e d  Water 

Preliminary 
Study 

~ ~ _ _ _ _ _ _ ~ ~ ~  _ _ _ _ _ _ ~  

CONTRACTOR(S) E . I . C .  C o r p o r a t i o n  

RELATED PROJECTS 3-1-08 S i l i c a  S c a l i n g  Study 

Exploratory Advanced Engineering Demonstration & 
Development Development Development Commercialization 

Basic 
Research 

CURRENT STATE OF R&D: (CHECK APPROPRIATE STAGES) 

CALCULATED BENEFIT 
(DISCOUNTED TO 15 MILLIONS, 1978) 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

OPTIMISTIC N/A 

PESSIMISTIC N /A 

OPTIMISTIC N /A 

PESSIMISTIC N/A 

OPTIMISTIC N/A 

PESSIMISTIC N /A 

1. 

2. 

3. 

Sunk: 

DGE Planned: 

Additional: 

Total: 

E 
- 
.Y. 82 83 84 85 >85 TOTAL 

299 299 

0 0 

0 

299 0 299 

F.Y. TO78 78 79 80 81 





5.1  P r o j e c t  i n  Subelement 

P r o j e c t  Code P r o j e c t  T i t  l e  

3-1-08 S i l i c a  S c a l i n g  Study 

PROJECT 
CODE 

3-1-07 

3-1-08 -a p-----3 Impact 
GOAL 

I r 

77 PRIOR 77 TOTAL 

2 89 10 299 

5.2 

of s 

5 .3  

TAL 
l8+ 

0 

0 0 

Goal 

TOTAL 

299 

361 

Unders tanding ,  through e x p e r i m e n t a l  s t u d i e s ,  of t h e  condensa t ion  

$78 

l i c a  from water s u p e r s a t u r a t e d  w i t h  s i l i c i c  a c i d .  

c o s t s  

350 11 361 

-- 

I COST ($1000) BY FISCAL YEAR 

5.4 I d e n t i f i c a t i o n  of ImpactedP-arameters  

The p r o j e c t  i n v o l v e s  t h e  l a b o r a t o r y  s t u d y  of s i l i c a  and s o l u t i o n ,  

which i s  r a t h e r  remote from b e i n g  r e p r e s e n t a t i v e  of geothermal  b r i n e s .  

I t  h a s  been completed and t h e r e f o r e  t e r m i n a t e d  i n  f i s c a l  y e a r  1977. 

B e n e f i t l c o s t  a n a l y s i s  is  t h e r e f o r e  n o t  needed. 

A-4 1 





6.0 SUBELEMENT 3- 1-E : 

SCALING CONTROL 



r 



BENEFlTlCOST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3-1-E CONTRACT NUMBER(S) C022833, Unknown 

-__ J 

Preliminary Basic Exploratory Advanced Engineering 
Study Research Development Development Development 

-- 
TITLE Sca l ing  Con t ro l  

Demonstration & 
Commercialization 

- 
CONTRACTOR(S) Dow Chemicals and V e t  t:er Research 

F.Y. 

RELATED PROJECTS 3-1-09 Sca le  Formation and Suppression (Dow) 

3-1-10 S c a l e  I n h i b i t o r s  Tests (Ve t t e r )  

TO78 78 79 80 81 82 83 84 85 >85 TOTAL 

192 192 

75 75 

100 100 2 00 

192 75 100 100 467 

-. 

~ 

1. 

2. 

3. 

Sunk: 

DGE Planned: 

Additional: 

Total: 

~~ ~~~ 

($lOOOs, CURRENT YEAR) 

Discounted Total of Planned and Additional: 249 

EXPECTED YEAR OF COMMERCIALIZATION 1981 

EXPECTED DEGREE OF SUCCESS 0 . 3  

OPTlM ISTIC 28.3 CALCULATED BENEFIT 
(DISCOUNTEDTO 8 MILLIONS, 1978) 

PESSIMISTIC 0.0 

OPTIMISTIC 34.1 

0.0 PESSIMISTIC 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

I OPTIMISTIC 18.1 

I PESSIMISTIC 0.0 

SEE ATTACHED PAGES FOR RATIONALE 





6 . 1  P r o j e c t s  i n  Subelement 

P r o i  ec t  Code 

77 

65 

65  

79 

3- 1-09 
3-1-10 

7 7  TOTAL 

127 192 

0 0  0 

127 192 

140 219 

P r o j e c t  T i t l e  

Scale Formation and Suppress ion  
S c a l e  I n h i b i t i o n  Test 

3-1-09 

”’d 8 Impact 
?GOAL 

r. 
I’ 3-1-10 

6 . 2  Goal 

A method o r  methods t o  c o n t r o l  t h e  format ion  of scale i n  h e a t  

exchangers .  

6 . 3  C o s t s  

PROJECT 
CODE 

3-1-09 

3-1-10 

TOTAL 

($78)  

COST ($1000) BY FISCAL YEAR i 7 
-- 
75 100’ 

75 91’ 

* O b l i g a t e d  i n  f i s c a l  y e a r  1977.  

-t A d d i t i o n a l  f u n d s  are assumed as a requi rement  t o  b r i n g  t h e  s t u d y  t o  
a r e a s o n a b l y  c o n c l u s i v e  s t a t e .  
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Scale 

T h i c k n e s s  

- 

T i m e  

FIGURE 1 

SCALE THICKNESS AS A FLJNCTION OF TIME 

A-48 



6 . 4  I d e n t i f i c a t i o n  of Impactecllarameters 

According t o  t h e  subelement g o a l ,  on ly  h e a t  exchangers  are  a f f e c t e d  

and, t h e r e f o r e ,  on ly  parameters  of b i n a r y  p l a n t s  are impacted.  

I f  t h e  scale forniat ion i n  h e a t  exchangers  t u b i n g s  can b e  c o n t r o l -  

l e d ,  f o u l i n g  of t h e  h e a t  exchange s u r f a c e  and hence t h e  h e a t  exchange 

s u r f a c e  area can b e  reduced.  T h i s  means t h a t  t h e  c a p i t a l  c o s t s  of 

h e a t  exchangers  a re  reduced.  A l s o ,  because t h e r e  is less f o u l i n g ,  t h e  

O&M r e q u i r e m e n t s  f o r  t h e  h e a t  exchangers  are l e s s e n e d .  However t h e  

c o n t r o l l i n g  method would r e q u i r e  a d d i t i o n a l  equipment f o r  i n j e c t i o n  of 

chemicals  and a d d i t i o n a l  p r o c e s s  c o n t r o l .  Thus t h e  impacted parameters  

can b e  i d e n t i f i e d  i n :  

( i )  C a p i t a l  and O&M c o s t s  of h e a t  exchangers  i n  b i n a r y  
p l a n t s  

( i i )  C a p i t a l  and O&M c o s t s  of a d d i t i o n a l  equipment f o r  
scale  c o n t r o l .  

6.5 Impacts on System Parameters 

6.5.1 Heat Exchangers 

Foul ing  or s c a l i n g  of h e a t  exchange s u r f a c e  i s  a dynamic p r o c e s s  

w i t h  r e s p e c t  t o  t i m e .  

d e c r e a s e s  w i t h  t i m e  t o  a n  approximate ly  c o n s t a n t  v a l u e .  

S c a l i n g  ra te  is  u s u a l l y  h i g h  i n i t i a l l y  and 

T h i s  means 

t h a t  t h e  scale t h i c k n e s s  on t h e  s u r f a c e  i n c r e a s e s  w i t h  t i m e  as shown 

i n  F i g u r e  1. The f o u l i n g  f a c t o r ,  o r  sometimes c a l l e d  d i r t  f a c t o r ,  used  

i n  h e a t  exchanger  d e s i g n  i s  d e f i n e d  as t h e  h e a t  t r a n s f e r  r e s i s t a n c e  of 

t h e  scale and i s  c a l c u l a t e d  from t h e  h e a t  conduct ion  p r o p e r t i e s  and 

t h i c k n e s s  of t h e  scale.  However F t  h a s  a s i n g l e  v a l u e  which i s  
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s p e c i f i e d ,  i n  t h e  d e s i g n  procedure ,  a t  t h e  c o n d i t i o n  when t h e  scale 

is s o  t h i c k  t h a t  c l e a n i n g  must: lie c a r r i e d  o u t  b e f o r e  t h e  thermal  

performance of t h e  h e a t  exchangers  f a l l s  below t h e  r e q u i r e d  level .  

T h e r e f o r e  i t  can b e  s e e n ,  as i l l u s t r a t e d  i n  F i g u r e  2 ,  t h a t  f o r  a par-  

t i c u l a r  s c a l i n g  c u r v e ,  i n c r e a s i n g  t h e  f o u l i n g  f a c t o r  would reduce  

maintenance requi rements .  I n  o t h e r  words,  t h e r e  i s  a t r a d e  o f f  between 

c a p i t a l  c o s t  and O&M c o s t  of a h e a t  exchanger .  

It  i s  expec ted  as t h e  r e s u l t s  of t h i s  subelement  t h a t  a new 

s c a l i n g  curve ,  marked l lcontrol . ledl l  i n  F i g u r e  3 ,  w i l l  be o b t a i n e d  i f  t h e  

R&D p r o j e c t s  are s u c c e s s f u l .  A s  shown i n  F i g u r e  3 ,  t h e r e  are t h r e e  

methods t o  account  f o r  t h e  b e n e f i t s  of having t h e  " c o n t r o l l e d  s c a l i n g  

c u r v e  as opposed t o  t h e  o r i g i n a l "  u n c o n t r o l l e d  s c a l i n g  curve :  

( i )  The f o u l i n g  f a c t o r  i s  reduced from f l  t o  f 3  i f  t h e  
maintenance requi rement  remains unchanged. That  
means a r e d u c t i o n  i n  h e a t  exchanger  c a p i t a l  c o s t  
w i t h  no change i n  O&M c o s t .  

( i i )  The f o u l i n g  f a c t o r  remains unchanged w h i l e  t h e  
maintenance requi rement  i s  reduced.  The t i m e  
between c leaning6 is extended from t 
Hence t h e  c a p i t a l  c o s t  is unchanged h u t  t h e  O&M 
c o s t  i s  reduced.  

t o  t3. 

( i i i )  The f o u l i n g  f a c t o r  i s  reduced t o  f 2  w i t h  f l > f 2 > f 3  
and t h e  t i m e  between c l e a n i n g  i s  c o r r e s p o n d i n g l y  
t 2  w i t h  t l < t 2 < t 3 .  Both c a p i t a l  and O & M c o s t s  are  
reduced.  

Because t h e  r e d u c t i o n  t n  O&M c o s t  i s  r e l a t i v e l y  d i f f i c u l t  t o  

q u a n t i f y ,  method ( i )  i s  used.  Now, l e t  u s  c o n s i d e r  e q u a t i o n  3 of 

s u b s e c t i o n  2.5.2: 

1 - = 0.004640 +. 1.21  f i  
U 
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f l  

Heat f 2  

f 3  
T r a n s f e r  

Resistance 

O r i g i n a l  F o u l i n g  F a c t o r  

T i m e  

rn 

- O r  i g  i n a  1 
Cleaning  P e r i o d  

Improved Cleaning  P e r i o d  

FIGURE 3 

UNCONTROLLED SCALING VERSUS CONTROLLED SCALING 

I 
I 



where f i  denotes  t h e  i n s i d e  f o u l i n g  f a c t o r ,  i . e . ,  fou l ing  f a c t o r  of 

t h e  b r i n e ,  and U i s  t h e  o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t ;  fol lowing 

an argument s imilar  t o  t h a t  i n  2.5.2. 

uncont ro l led  s c a l i n g  cond i t ion ,  U equa l s  105.5 B tu / (h r .  f t . 2 0 F ) .  

I f  f i  equa l s  0.004 under 

If 

s c a l i n g  i s  c o n t r o l l e d  as d e s i r e d  i n  t h e  g o a l  of t h i s  subelement,  a 

v a l u e  of 0.001 may be  assumed f o r  t h e  f o u l i n g  f a c t o r  wi th  unchanged 

maintenance requirements .  The U va lue  becomes 170.9 B tu / (h r .  f t . 20F)  

and t h e  change i s  

170'9 - 105*5 = 0.620 o r  62.0% 
105.5 

The change i n  hea t  exchanger c a p i t a l  c o s t  i s  thus  -62.0% x 0.7 = -43.4%. 

It i s  rhus p o s s i b l e  t o  assume t h a t  t h e  hea t  exchanger c o s t  sav ing  is  

somewhere between 35 and 45%. 

6.5.2 Addi t iona l  Equipment 

The a d d i t i o n a l  equipment would c o n s i s t  of i n h i b i t o r  s t o r a g e ,  

i n j e c t i o n  dev ices ,  and c o n t r o l  ins t ruments .  From exper ience ,  t h i s  

equipment can be  i n s t a l l e d  a t  a c o s t  about $50K t o  $100K. I f  t h i s  

c o s t  i s  charged as p a r t  of t h e  hea t  exchanger system which, according 

t o  Nguyen and Dhillon*, c o s t s  about $4,80OK f o r  a 50 MW b ina ry  p l a n t ,  

t h e  system c o s t  i s  increased  by about 50/4800 = 1.0% t o  100/4800 = 2.1%. 

The chemicals used f o r  i n h i b i t i n g  s c a l e  formation are s u l f u r i c  

a c i d  and/or  low molecular  weight polymers. S u l f u r i c  a c i d  p r i c e  i s  

* V. Thanh Nguyen and Harpal  S. Dhi l lon ,  "An Analys is  of t h e  Geother- 
m a l  Energy E x t r a c t i o n  and U t i l i z a t i o n  Technology RD&D Program", 
Report MTR-7886, MITRE Corporat:ion, June 1978. 
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i s  c u r r e n t l y  about  $0 .65/ lb  and t h e  polymer i n h i b i t o r s  used i n  

c o o l i n g  tower water t r e a t m e n t  i s  from $0.25 t o  $ 1 . 2 5 / l b .  For t h e  

purpose  of t h i s  subelement ,  t h e  u s e  of a c i d  would c o s t  f a r  t o o  much 

because  of t h e  l a r g e  q u a n t i t y  requi rement .  An a n a l y s i s  of c o o l i n g  

water t r e a t m e n t  by Nguyen* i n d i c a t e s  a ra te  of 500 t o  1500 ppm of 

s u l f u r i c  a c i d  i s  r e q u i r e d  t o  p r e v e n t  c a r b o n a t e  and s i l i c a  p r e c i p i t a t i o n s  

i n  condenser  t u b e s .  Thus t h e  subelement should a i m ,  as i t  c u r r e n t l y  

d o e s ,  a t  polymers.  The amount of polymers needed i s  about  6 t o  1 2  

ppm as i n d i c a t e d  by Vetter Research.  

A 50 MW power p l a n t  u s i n g  b r i n e  a t  350°F and 140°F r e j e c t i o n  

tempera ture  w i t h  a convers ion  e f f i c i e n c y  of 30% would r e q u i r e  a b r i n e  

ra te  o f :  

which i s  e q u i v a l e n t  t o  2.49 x 106 x (7200 h r / y e a r )  = 17.4 x l o 9  l b /  

y e a r  and r e q u i r e s  a t  l ea s t  6 x 10-6 x 17.4 x lo9  = 104,400 l b / y e a r  of 

polymer i n h i b i t o r s .  I f  $1 .25/ lb  i s  assumed as t h e  c o s t  of i n h i b i t o r s ,  

t h e  o p e r a t i n g  c o s t  would b e  a t  least  $1.25 x 104,400 = $130,50O/year. 

The O&M c o s t  f o r  t h e  p r o c e s s  mechanica l  ( t h i s  i n c l u d e s  h e a t  exchangers)  

i n  t h e  g e n e r a t i n g  p l a n t  i s  $70,56O/yr (See p r e v i o u s  page f o o t n o t e ) .  

T h i s  makes a change of 130,500/70560 - 185%. 

i s  used,  t h e  change i s  370%. 

If 12 ppm of polymers 

* V. Thanh Nguyen, "Cooling Water Treatment  f o r  t h e  R a f t  River 
Geothermal Loop", Report  GEO-012, Garrett Energy Research and 
Engineer ing ,  1977. 
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I n  summary t h e  b e n e f i t s  of t h i s  subelement are as f o l l o w s .  

OPTIMISTIC 

PESSIMISTIC 

PESSIMISTIC OPTIMISTIC 
B e n e f i t  Model I n p u t  Parameters  (Binary Only) (Binary Only) 

FIGURE OF MERIT BENEFIT 

1978 DOLLARS FY78 TO HISTORICAL 
COMPLETION PLANNED + SUNK 

( $  106) 

2 8 . 3  3 4 . 1  18.1 

0.0 0.0 0.0 
L 

% Change i n  c a p i t a l  c o s t  of P r o c e s s  (-35 + 2.1)  (-45 + 1)  
Mechanical ( U t i l i t y ) .  (Heat exchanger x 0.60 = x 0.60  = 
c o s t  a c c o u n t s  f o r  %*) -19.7 -26.4 

T Change i n  P r o c e s s  Mechanical O&M 
Cost F a c t o r  (Binary System) 370.  185 .  

* See  f o o t n o t e  i n  p r e v i o u s  page. 

6 .6  Degree of Success  

A s  r e p o r t e d  from c o n t r a c t o r s ,  c o n t r o l l i n g  methods o t h e r  than  

u s i n g  i n h i b i t o r s  appeared t o  f a : i l  comple te ly ,  w h i l e  u s i n g  i n h i b i t o r s  

showed some d e g r e e  of s u c c e s s .  The s e a r c h  f o r  s u i t a b l e  i n h i b i t o r s  

u s u a l l y  i n v o l v e s  a p r o c e s s  of e l i m i n a t i o n ,  which might o r  might n o t  

b e  s u c c e s s f u l .  Also,  even i f  some success h a s  been d e t e c t e d  so  f a r ,  

- t h e r e  is  no g u a r a n t y  t h a t  such s u c c e s s  w i l l  b e  found a t  a l l  t h e  b i n a r y  

s i tes  i n  t h e  U.S. A l l  t h i n g s  c o n s i d e r e d  a d e g r e e  of s u c c e s s  of 0 . 3  

would b e  expecGed as r e a s o n a b l e  f o r  this sube lemen t .  

6 .7  R e s u l t s  
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Note t h a t  when t h e  s a v i n g s  a t  c e r t a i n  s i tes  a re  n e g a t i v e  i t  i s  

assumed t h a t  t h e  new technology would n o t  b e  used and t h e r e f o r e ,  t h e  

b e n e f i t s  a t  t h e s e  s i tes  are  z e r o .  T h i s  e x p l a i n s  t h e  zero  b e n e f i t s  

f o r  t h e  p e s s i m i s t i c  case shown above. 
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7.0 SUBELEMENT 3-1-F: 

TOTAL FLOW SYSTEM 

A-5 7 





BENEFITICOST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3-1-F CONTRACT NUMBER(S) 05ENG48 

TITLE T o t a l  Flow System 

CONTRACTOR(S) Lawrence Livermore Laboratory 

Preliminary 
Study 

RELATEDPROJECTS 3-1-04 Brine Chemistry Study 
3-1-05 S c a l e  Formation and Cont ro l  
Add i t iona l  T o t a l  Flow Turbine ( I n  o t h e r  RD&D Program Number 2) 

J 
Basic Exploratory Advanced Engineering Demonstration & 

Research Development Development Development Commercialization 

I 

~ ~ _ _  _ _ _ _ _ _ ~  ~ ~ . 
CALCULATED BENEFIT OPTIMISTIC N/A 
(DISCOUNTED TO $ MILLIONS, 1978) 

PESSIMISTIC N / A  

OPTIMISTIC N / A  

PESSIMISTIC N /A  

OPTIMISTIC N /A 

PESSIMISTIC N/A 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNKCOSTS) 

F.Y. TO78 78 79 I30 81 82 83 84 85 >85 TOTAL 

1. Sunk: 2849 2849 

2. DGE Planned: 0 0 

3. Additional: 5051 1700 675 1 

Total: 7900 1700 9600 

Discounted Total of Planned and Additional: 1700 

EXPECTED YEAR OF COMMERCIALIZATION -- 

EXPECTED DEGREE OF SUCCESS 0 





7 . 1  P r o j e c t s  i n  Subelement 

3- 1-04 

P r o j e c t  Code P r o j  ec t T i t  l e  

3-1-05 

3- 1-04 
3-1-05 
A d d i t i o n a l  

/TOTAL 

B r i n e  Chemistry Study 
S c a l e  Formation and C o n t r o l  
T o t a l  Flow Turbine  ( i n c l u d e d  i n  
RD&D program Number 2) 

0 

0 

713 

2136 

I A d d i t i o n a l  1-m Impact 

GOAL 

7 . 2  Goal 

A convers ion  system d r i v e n  by m i x t u r e s  of steam and b r i n e .  

S p e c i f i c  g o a l  i s  t o  e l i m i n a t e  c o r r o s i o n ,  s c a l i n g  and e r r o s i o n  problems 

i n  and develop  a s u i t a b l e  d e s i g n  f o r  a two-phase, g a s - l i q u i d  t u r b i n e .  

7.3 c o s t s  

PROJECT 
CODE 

3-1-04 

3-1-05 

Addit .*  

TOTAL 

($78) 

?RIOR 
77 

0 

0 

3719 

37 19 

4500 

-7 

77 

713 

2136 

1332 

4181 

4599 

COST ($1000) BY FISCAL YEAR 

713 

2136 

5051 

7900 

9099 

TOTAL 7 8-+ 

y 
10799 

* The a d d i t i o n a l  c o s t s  are t h o s e  from R&D p r o j e c t s  on t o t a l  f low 
systems i n  Program 2 - Extract: ion and Conversion Technology. 
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7 . 4  I d e n t i f i c a t i o n  of Impacted Parameters  

The ac t iv i t i e s ,  i n c l u d i n g  t h e  a d d i t i o n a l  p r o j e c t s ,  have been 

d i s c o n t i n u e d .  The amount of $ 1 , 7 0 O K  planned f o r  t h e  a d d i t i o n a l  

p r o j e c t  i s  f o r  concluding t h e  a c t i v i t i e s .  The a n a l y s i s  f o r  t h i s  

subelement i s  t h e r e f o r e  n o t  r e q u i r e d .  
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8.0  SUBELEMENT 3-2-A: 

MATERIALS D E S I G N  HANDBOOK 

A-6 3 





BENEFITlCOST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3-2-A CONTRACT NUMBER(S) c043904 

TITLE Materials Design Handbook 

CONTRACTOR(S) Radian C o r p o r a t i o n  

J J 

Preliminary Basic Exploratory Advanced Engineering 
Study Research Development Development Development 

~~~ 

RELATED PROJECTS 3-2-01 Materials Design Handbook 

Demonstration B 
Commercialization 

F.Y. 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

($lOOOs, CURRENT YEAR) I 
To78 78 79 80 81 82 83 84 85 >85 TOTAL 

56 56 

223 223 250 300 300 300 1596 

0 

56 223 223 250 300 300 300 1652 

_ _ _ _ ~  ~ 

EXPECTED YEAR OF COMMERCIALIZATION 1981 

1249 I Discounted Total of Planned and Additional: 

0.7 I I EXPECTED DEGREE OF SUCCESS 
_ _ _ _ _ _ ~ ~  

OPT1 M ISTIC 26.6 

PESSIMISTIC 17 5 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

14.9 

9.8 

14.2 

OPTIMISTIC 

PESSIMISTIC 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

OPT1 MlSTlC 
HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

PESSIMISTIC 9. 

SEE ATTACHED PAGES FOR RATIONALE ,4- 6 5 





8.1 P r o j e c t  i n  Subelement 

PROJECT 
CODE 

3-2-01 

$1978 

P r o j e c t  Code P r o j e c t  T i t  l e  

PRIOR 7 7  TOTAL 7 7  

0 56 56 

0 62 62 

3-2-01 Materials Design Handbook 

- 

79 80 81 82 
- 

223 250 300 300 

203 207 225  205 
- 

Impact 

83 

300 

186 

8.2 Goal 

An o p e r a t i o n a l  g u i d e l i n e  handbook f o r  geothermal  energy convers ion  

systems.  The handbook c o n t a i n s  i n f o r m a t i o n  on case h i s t o r y  of m a t e -  

r i a l s  performance i n  geothermal  systems and p r o v i d e s  d e s i g n  e n g i n e e r s  

w i t h  g u i d e l i n e s  f o r  s e l e c t i n g  materials f o r  geothermal  power p l a n t s .  

8.3 C o s t s  

I 

I COST ($1000) BY FISCAL YEAR 
- 

78 

223 

223 
- 

TOTAL 
7 8-t 

1596 

1249 

TOTAL 

8.4 I d e n t i f i c a t i o n  of Impacted Parameters  

The impacted parameters  can b e  i d e n t i f i e d  by examining t h e  

purpose of t h e  handbook as d e s c r i b e d  i n  t h e  f o l l o w i n g  paragraphs*:  

"This  manual serves two purposes .  F i r s t ,  i t  is  a 

T h i s  d a t a  
c o l l e c t i o n  and i n t e r p r e t i v e  summary of e x i s t i n g  d a t a  on 
materials performance i n  geothermal  f l u i d s .  
summary w i l l  r educe  t h e  need f o r  l e n g t h y  t e s t i n g  of a 

* E x t r a c t e d  from t h e  i n t r o d u c t i o n  s e c t i o n  of t h e  handbook i n  i t s  f i r s t  
e d i t i o n  and d r a f t  form. 
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l a r g e  number of materials a t  each new geothermal  s i t e .  
It p r o v i d e s  a way t o  h e l p  s c r e e n  p o t e n t i a l  c o n s t r u c t i o n  
materials through p a s t  e x p e r i e n c e .  

The second purpose of t h e  manual is  t o  p r o v i d e  some 
g u i d e l i n e s  f o r  s e l e c t i n g  materials f o r  geothermal  power 
p l a n t s .  The manual e s t a b l i s h e s  a framework of background 
i n f o r m a t i o n  t h a t  d e f i n e s  a n  approach t o  materials s e l e c t i o n .  
It i d e n t i f i e s  t h e  p r o c e s s e s  (power c y c l e s )  and equipment 
used t o  produce e l e c t r i c i t y ,  d i s c u s s e s  t h e  importance of 
f l u i d  chemis t ry ,  and d e f i n e s  t h e  forms and mechanisms of 
c o r r o s i v e  a t t a c k  t h a t  can  occur  i n  geothermal  p r o c e s s  streams." 

Thus t h e  manual would save t i m e  i n  d e s i g n  p r o c e s s  by p r o v i d i n g  

e n g i n e e r s  w i t h  needed i n f o r m a t i o n ,  and hence would reduce  t h e  precon- 

s t r u c t i o n  e n g i n e e r i n g  c o s t s .  I t  does  n o t  impact t h e  o p e r a t i o n  and 

r e l i a b i l i t y  of t h e  p l a n t ,  however. I f  t h e  manual s u g g e s t s  c e r t a i n  

materials, f o r  example w e l l  cement o r  p r e s s u r e  vessel s t e e l ,  which 

t u r n  o u t  t o  b e  r e l i a b l e ,  t h e  b e n e f i t s  ga ined  from u s i n g  t h o s e  materials 

should  b e  a t t r i b u t e d  t o  t h o s e  R&D e f f o r t s  which develop  t h e  materials 

r a t h e r  t h a n  t o  t h e  r e p o r t i n g  e f f o r t s  of t h e  manual. 

8.5 Impacts  on System Parameters  

To estimate t h e  b e n e f i t s  of t h i s  subelement ,  l e t  u s  c o n s i d e r  t h e  

procedures  t h a t  a d e s i g n  e n g i n e e r  would f o l l o w  i n  d e s i g n i n g  t h e  p l a n t .  

When a new geothermal  s i t e  i s  d e c i d e d  on, a t es t  w e l l  is  t h e n  d r i l l e d  

and completed,  sampling and a n a l y s i s  of t h e  b r i n e  are performed, and 

materials f o r  p r o d u c t i o n  w e l l s  and convers ion  p l a n t  are s e l e c t e d  from 

t h e  knowledge of b r i n e  chemis t ry .  I f  t h e  manual t o  be produced i n  

t h i s  subelement  i s  n o t  a v a i l a b l e ,  t h e  f o l l o w i n g  e f f o r t s  and c o s t s  are 

r e q u i r e d :  

A-68 



( i )  L i t e r a t u r e  s e a r c h :  6 manmonths: c o s t  $5K x 6 = $30K 
From t h e  l i t e r a t u r e  s e a r c h ,  materials are i d e n t i f i e d  
and recommended f o r  check tests. 

( i i )  Check tests: 10 manmonths: c o s t  $5K x 10 = $50K 
The tes ts  are c a r r i e d  o u t  over  a p e r i o d  of perhaps  
6 t o  18 months. 

( i i i )  T e s t  Materials and Analyses:  c o s t  $10K 

Now i f  t h e  manual i s  a v a i l a b l e ,  t h e  same sequence must s t i l l  b e  

c a r r i e d  o u t  b u t  t o  a lesser e x t e n t :  

( i )  L i t e r a t u r e  s e a r c h :  1 inan week c o s t s  $5K x 0.25 = $1.25K 
T h i s  e f f o r t  is s imply r e a d i n g  t h e  manual 

( i i )  Check tests:  2 manmonths c o s t  $5K x 2 = $10K 
The t i m e  r e q u i r e d  t o  perform t h e  tests is assumed t o  
b e  reduced because gui ldel ines  are known beforehand.  

( i i i )  T e s t  Materials and Analyses:  c o s t  $ 3 K  

Thus a s a v i n g  of $90K - $14.25K = $75,75K r e s u l t s .  From t h i s  

f i g u r e  i t  is  r e a s o n a b l e  t o  assume t h a t  a s a v i n g  can b e  somewhere 

between $60K and $90K p e r  p l a n t  r e g a r d l e s s  of i t s  s i z e .  S i n c e  t h e  

manual is  des igned  f o r  l i q u i d  dominated r e s o u r c e s ,  t h e  above b e n e f i t s  

a p p l y  t o  f l a s h  s t e a m  and b i n a r y  p l a n t s  o n l y .  Dry s t e a m  p l a n t s  are 

n o t  a f f e c t e d .  The p r e c o n s t r u c t i o n  e n g i n e e r i n g  c o s t s  of f l a s h  steam 

and b i n a r y  p l a n t s  are  e s t i m a t e d  ' to b e  about  $1,990 K and $3,100 K 

r e s p e c t i v e l y * .  Thus t h e  s a v i n g  .in e n g i n e e r i n g  c o s t s  becomes 60/1990 

= 3.0% and 60/3100 = 1.9% i n  t h e  p e s s i m i s t i c  case. The r e s u l t s  are  

summarized b elow: 

* V. Thanh Nguyen and Harpa l  S. D h i l l o n ,  "An A n a l y s i s  of t h e  Geother- 
m a l  Energy E x t r a c t i o n  and U t i l i z a t i o n  Technology RD&D Program", 
Report  MTR-7886, MITRE C o r p o r a t i o n ,  June  1978. 
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PESSIMISTIC OPTIMISTIC 
B e n e f i t  Model I n p u t  Parameters  F l a s h  Binary  F l a s h  Binary  

OPTIMISTIC 

PESSIMISTIC 

% Change i n  C a p i t a l  Cost  of Engineer ing  
and A d m i n i s t r a t i o n  (Producer)  -3.0 -1.9 -4 .5 -2.9 

FIGURE OF MERIT BENEFIT 

1978 DOLLARS 
I 

FY78 TO HISTORICAL 
COMPLETION PLANNED + SUNK 

($106) 

26.6 14.9 14.2 

17.5 9.8 9.3 

% Change i n  C a p i t a l  Cost  of Engineer ing  
and A d m i n i s t r a t i o n  ( U t i l i t y )  -3.0 -1.9 -4 .5 -2.9 

8 .6  Degree of Success  

S i n c e  t h e  subelement  i s  o n l y  a c o m p i l a t i o n  of i n f o r m a t i o n ,  t h e r e  

i s  no r e a s o n  why i t  should  n o t  b e  s u c c e s s f u l  and a c h i e v e  i ts  goal .*  

Hence the degree of success  can be  1.0. 

are being attempted in other subelement (Section 12.0, subelement 

However s i n c e  similar e f f o r t s  

3-2-E), i t s  degree of success  i s  assumed to b e  0.7. 

8 . 7  R e s u l t s  
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9.0 SUBEL,EMENT 3-2-B : 

WELL, CEMENT 

A-- 7 1. 





BENEFITICOST RATIONALE AND RESULTS 551 
Well Cement 

Brookhaven Nat iona l  Laboratory,  Nat iona l  Bureau of S tandards ,  
Dowell of Dow Chemicals, unknown 

3-2-03 Geothermal Cement Evalua t ion  (NBS) 
3-2-04 Well Completion Evalua t ion  (Dowell) 
3-2-05 Cement Downhole Tests (unknown) 

CoNTRACToR(S) 

RELATEDPROJECTS 3-2-02 High Temperature Polymer Well Cement and Management (BNL)  

J J 
Preliminary Basic Exploratory Advanced Engineering 

Study Research Development Development Development 
Demonstration & 

Commercialization 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

F.Y. To78 78 79 80 81 82 83 84 85 >85 

478 

8 1 0  7 6 1  585 350 150 

478 8 1 0  7 6 1  585 350  150 Total: 

TOTAL 

475 

2656 

0 

3134 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

I Discounted Total of Planned and Additional: 2350 I 

OPTIMISTIC 223.8 

PESSIMISTIC 122.2  

OPTIMISTIC 66.7 

PESSIMISTIC 36.4  

OPTIMISTIC 54.2 

PESSlMlSTtC 23.6 
-. 

I EXPECTED YEAR OF COMMERCIALIZATION 1982 1 

SEE ATTACHED PAGES FOR RATIONALE 
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9 . 1  P r o j e c t s  i n  Subelement 

P r o j e c t  Code 

3-2-02 

c 

PROJECT 
CODE 

3-2-02 
3-2-03 
3-2-04 
3-2-05 
TOTAL 
($78) 

3-2-03 

3-2-04 

3-2-05 

COST ($1000) BY FISCAL YEAR 

TOTAL 
77 

123 299 422 500 376 200 200 150 0 1426 1848 
180 200 
250 286 

0 20 20 60 1 60 1 60 
0 36 36 250* 
0 0  0 0 325 3:!5+ l50+ 800 800 

123 355 478 810 761 5135 350 150 0 2656. 3134 ,, 

149 391 540 810 692 4133 263 102 . O [  2350 2890 1 

78 PRIOR 77 TOTAL 

P r o j e c t  T i t l e  - 

High Temperature Polymer Well Cement 
and Management 

G e  o t h e  nna 1 C emen t Eva l u  a t i on 

We1 1 Coinp l e  t i o n  E v a l u a t i o n  

Cement Downhole Tests 

3-2-03 ------I 

9 . 2  Goal 

S u i t a b l e  cements f o r  downhole a p p l i c a t i o n s  up t o  330OC and 

s t a n d a r d i z a t i o n  of cements and cementing procedures .  



9 .4  I d e n t i f i c a t i o n  of Impacted Parameters  

A s  i n d i c a t e d  i n  t h e  subelement  g o a l ,  new cements would b e  

developed.  The new cements are expec ted  t o  have l o n g e r  l ives  t h a n  

and d i f f e r e n t  c o s t s  from c u r r e n t l y  a v a i l a b l e  cements.  It  i s  t h u s  

expec ted  t h a t  t h e  impacted parameters  of t h e  w e l l  cement subelement  

are w e l l  l i f e  and w e l l  c o s t .  They are  i d e n t i f i e d  as f o l l o w s :  

Well L i f e :  The l i f e  of a geothermal  w e l l  i s  l i m i t e d  by e i t h e r  

one o r  a combinat ion of cement f a i l u r e ,  c a s i n g  f a i l u r e ,  p r e c i p i t a t i o n  

i n  w e l l b o r e ,  and r e s e r v o i r  d e p l e t i o n .  Hence a n  improvement i n  cement 

l i f e  can only  i n c r e a s e  t o  a c e r t a i n  l i m i t  t h e  l i f e  of t h o s e  w e l l s  

which are expec ted  t o  e x p e r i e n c e  e a r l y  cement f a i l u r e .  The l i n 5 t  of 

l i f e  i n c r e a s e  of such  w e l l s  i s  se t  by t h e  f a i l u r e  mode n e x t  i n  l i n e .  

Thus i t  can b e  s e e n  t h a t ,  i f  subelement  concern ing  o t h e r  f a i l u r e  modes 

are going t o  b e  a n a l y z e d ,  a r a t i o n a l e  f o r  t h e  a v e r a g e  f r a c t i o n  of w e l l  

l i f e  c o n t r i b u t e d  by d i f f e r e n t  f a i l u r e  modes must b e  developed.  Such 

r a t i o n a l e  w i l l  serve as t h e  b a s i s  common t o  subsequent  a n a l y s e s  and is  

d i s c u s s e d  i n  t h e  s u b - s e c t i o n  9 .5  below. 

Well Cost :  The r e s u l t s  of t h i s  subelement  have two e f f e c t s  on 

t h e  w e l l  c o s t .  The f i r s t  e f f e c t  i s  d i r e c t l y  r e s u l t e d  from t h e  expected 

change i n  c o s t  of t h e  newly developed cements.  The second e f f e c t  i s  

d e r i v e d  from a r e d u c t i o n  i n  t h e  pre-product ion  f a i l u r e s  of w e l l s  as 

t h e  r e s u l t s  of u s i n g  improved cements ( t h e  c o s t s  f o r  c o n t r o l l i n g  

f a i l e d  w e l l s  are h i g h  and are i n c l u d e d  i n  t h e  t o t a l  c o s t  of producing 

w e l l s ) .  
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9 .5  Impac t s  on System Pa rame te r s  - 

9.5 .1  R a t i o n a l e  f o r  L i m i t i n g  F a c t o r s  - of Well L i f e  

A s  mentioned b e f o r e ,  t h e  l i f e  of a geo the rma l  w e l l  i s  l i m i t e d  

p r i m a r i l y  by cement f a i l u r e ,  c a s i n g  f a i l u r e ,  p r e c i p i t a t i o n  i n  w e l l  

b o r e ,  and r e s e r v o i r  d e p l e t i o n .  These f o u r  f a c t o r s  a f f e c t  t h e  w e l l  

l i f e  by r e d u c i n g  t h e  h e a t  f l ow th rough  t h e  w e l l  b o r e .  

L e t  u s  c o n s i d e r  a t y p i c a l  w e l l  of a geo the rma l  f i e l d  as shown by 

t h e  s k e t c h  i n  F i g u r e  1. The geo the rma l  f l u i d  i s  e x t r a c t e d  by a p r e s s u r e  

d i f f e r e n t i a l  which e x i s t s  n a t u r a l l y  o r  i s  induced by pumping. The 

f l u i d  f i r s t  f l ows  through t h e  p o r e s  of t h e  r e s e r v o i r  f o r m a t i o n s  and 

then  upward through t h e  w e l l  b o r e  which is s u p p o r t e d  by cement and 

metal c a s i n g .  I f  t h e  p h y s i c a l  c o n d i t i o n s  of t h e  w e l l  b o r e  do n o t  

change w i t h  t i m e ,  t h e  f low can b e  d imin i shed  by one o r  a combinat ion 

o f :  t h e  l a c k  of r e s e r v o i r  r e c h a r g e ,  g r a d u a l  c logg ing  up of t h e  p o r e s  

around t h e  w e l l  bot tom, and c o o l i n g  o f f  of t h e  r e s o u r c e .  The s i t u a t i o n  

i s  g e n e r a l l y  c a l l e d  r e s e r v o i r  d e p l e t i o n .  The f low can a l s o  b e  f u r t h e r  

d imin i shed  by such  p h y s i c a l  changes of t he  w e l l  b o r e  as p r e c i p i t a t i o n  

i n  t h e  b o r e  o r  cement c r a c k i n g ,  c a s i n g  be ing  co r roded .  The p r e c i p i -  

t a t i o n  i n  t h e  w e l l  b o r e  p h y s i c a l l y  res t r ic ts  t h e  f low w h i l e  cement and 

c a s i n g  f a i l u r e s  a l l o w  water i n  c o o l e r  a q u i f e r s  t o  e n t e r  t h e  h o t  stream 

or v i c e  versa and hence lower the avai lable  heat of the produced geo- 

thermal f lu id .  In sununary, the following observations pertain: 

( i )  Heat f low from a w e l 1 , d e c r e a s e s  w i t h  t i m e .  

( i i )  R e s e r v o i r  d e p l e t i o n  i s  expec ted  t o  b e  more r a p i d  
i n  h i g h  s a l i n i t y  p r o s p e c t s  t h a n  low s a l i n i t y  p r o s p e c t s  
keep ing  o t h e r  f a c t o r s  c o n s t a n t .  
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FIGURE 1 
SKETCH OF WELL COMPONENTS 
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( i i i )  Because cement and c a s i n g  s u p p o r t  each o t h e r ,  t h e  
f a i l u r e  of e i t h e r  one m i i s t  w a i t :  f o r  t h e  o t h e r  t o  
f a i l  b e f o r e  t h e  e f f e c t s  on t h e  b r i n e  starts t o  
t a k e  p l a c e .  

To a r r ive  a t  some q u a n t i f i c a . t i o n  of t:he e f f e c t s  t h a t  t h e  f o u r  

l i m i t i n g  f a c t o r s  mentioned ea r l i e r  have on t h e  w e l l  l i f e ,  i t  is  

n e c e s s a r y  t o  make some assumptions as  fol.l.ows: 

Assumption 1: The hea t  f low r a t e  j.s assumed t o  d e c r e a s e  from 

i t s  o r i g i n a l  v a l u e  t o  z e r o  l i n e a r l y  over  a p e r i o d  of t i m e  c a l l e d  w e l l  

l i f e .  Thus a system of N w e l l s  having a l i f e  L y e a r s  r e q u i r e  N/L new 

w e l l s  i n  t h e  second year  t o  maintain t h e  o r i g i n a l  t o t a l  output. 

Assumption 2 :  Well l i f e  var:ies from s i t e  t o  s i t e  and i s  assumed 

t o  b e  15 y e a r s  f o r  a l l  t y p e s  of w e l l  flows: w i t h  t h e  e x c e p t i o n  t h a t  a 

h i g h  s a l i n i t y  b r i n e  f lash i -ng  f low is assumed t o  l i m i t  w e l l  l i f e  t o  

7 .5  y e a r s .  These assumed f i g u r e s ,  a l though they  are f e l t  t o  b e  

r e a s o n a b l e  f o r  t h e  purposes  of t h i s  a n a l y s i s ,  might  b e  proved t o  b e  

e r roneous  as more e x p e r i e n c e s  are  ga ined  i n  o p e r a t i n g  U.S .  r e s o u r c e s  

i d  t h e  f u t u r e .  

Assumption 3: I f  problems i n  t h e  w e l l  b o r e  do n o t  e x i s t ,  i t  i s  

assumed t h a t  t h e  w e l l  l i f e  is  20 y e a r s  f o r  h i g h  s a l i n i t y  f l a s h  f l o w  

w e l l s  and 30 y e a r s  f o r  t h e  remaining t y p e s  of w e l l s .  

It f o l l o w s  from t h e  above assumptioris t h a t  f o r  a low s a l i n i t y  

b r i n e  f l a s h  f low w e l l ,  s a y ,  t h e  f l o w  d e c r e a s e s  by 1/30 of i t s  o r i g i n a l  

ra te  p e r  y e a r  due s o l e l y  t o  r e s e r v o i r  d e p l e t i o n .  The f low i s  f u r t h e r  

d e c r e a s e d  by problems i n  w e l l  b o r e  by (1/15) - (1/30)= 1/30 of its or i -  

g i n a l  value. Th i s  a d d i t i o n a l  1/30 flow reduc t ion  is  con t r ibu ted  by w e l l  
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WELL 
L I F E  

LIMITING 
FACTORS 

R e s e r v o i r  
D e p l e t i o n  

B o r e  
P r e c i p i -  
t a t i o n  

Casing 
Corrosion 

C emen  t 
F a i l u r e  

TOTAL 

AVERAGE 
WELL L I F E  

(YEARS ) 

TABLE 1 

FLOW REDUCTION FRACTIONS PER YEAR 
OF LIMITING FACTORS AND WELL L I F E  

DRY 
STEAM 

1 /30 

0 

1 /60 

1 /60 

1/15 

15 

SYSTEM 

FLASH STEAM 

LOW 
SALINITY 

1 / 3 0  

1 /90 

1 /90 

1 /90 

1 /15 

15 

HIGH 
SALINITY 

1 /20 

1 /16  

1 /96 

1 /96 

1/7.5 

7.5 
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BINARY 

LOW 
SAL I N 1  TY 

1 / 30  

1/180 

1 / 7 2  

1 / 7 2  

1/15 

15 

HIGH 
SAL I N  I TY 

1 / 3 0  

1 /90 

1 /90 

1 /90 

1/15 

15 



b o r e  p r e c i p i t a t i o n ,  c a s i n g  c o r r o s i o n ,  and cement f a i l u r e .  

Assumption 4 :  S i n c e  c a s i n g  and cement must b o t h  f a i l  b e f o r e  t h e  

f low is a f f e c t e d ,  i t  i s  assumed t h a t  t h e  f r a c t i o n s  of f low reduced by 

them are e q u a l .  

Assumption 5: This  assumption i s  concerned w i t h  w e l l  b o r e  pre- 

c i p i t a t i o n .  

and hence,  p r e c i p i t a t i o n  e f f e c t  is  assumed t o  b e  z e r o .  Because of 

t h e  f low n a t u r e  p r e c i p i t a t i o n  problems are  more pronounced r e l a t i v e l y  

t o  c a s i n g  and cement problems f o r  f l a s h i n g  f low t h a n  f o r  b r i n e  a l o n e  

flow. 

Dry steam w e l l s  g e n e r a l l y  have n e g l i g i b l e  s c a l i n g  problems 

From t h e  f i v e  assumptions j u s t  s t a t e d ,  a t a b l e  of f low r e d u c t i o n  

f r a c t i o n s  of t h e  f o u r  l i m i t i n g  f a c t o r s  w a s  p repared  f o r  use  i n  t h i s  

subsequent  a n a l y s e s  as shown i n  Table  1. 

It  is  noted  t h a t  t h e  f i g u r e s  assumed f o r  b o r e  p r e c i p i t a t i o n ,  

c a s i n g  c o r r o s i o n ,  and cement f a i l u r e  of f l a s h  steam and b i n a r y  sys tems,  

w h i l e  c o n s i s t e n t  w i t h  assumptions 4 and 5 ,  are  n e c e s s a r i l y  a r b i t r a r y .  

One could  assume somewhat d i f f e r e n t  v a l u e s  f o r  them and s t i l l  b e  

c o n s i s t e n t  w i t h  t h e  assumptions.  Cont ingencies  a r r i v e d  from a reason-  

a b l e  range  of assumed v a l u e s  are i n c l u d e d  i n  t h e  results of t h e  b e n e f i t  

a n a l y s e s .  The u s e  of T a b l e  1 is demonst ra ted  by t h e  f o l l o w i n g  example. 

An R&D p r o j e c t  a t t e m p t s  t o  deve lop  c a s i n g  materials which can  

i n c r e a s e  t h e  c a s i n g  l i f e  by 40%. T h i s  p r o j e c t ,  i f  s u c c e s s f u l ,  w i l l  

have i t s  whole b e n e f i t s  when w e l l s  which e x p e r i e n c e  cement f a i l u r e  

b e f o r e  c a s i n g  f a i l u r e  are c o n s i d e r e d .  However i t  w i l l  have no b e n e f i t  
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f o r  w e l l s  which are  expected t o  have no c u r r e n t  problems because good 

o r  bad cas ing  material would no t  make any d i f f e r e n c e  i n  t h e  flow 

c h a r a c t e r i s t i c s  of t h e  w e l l  ( neg lec t ing  of course the  s a f e t y  problems 

which might ar ise  from an u n s t a b l e  anchorage of w e l l  head equipment). 

Thus, t he  b e n e f i t s  of t h i s  p r o j e c t  should be es t imated  on a s i te-by-  

s i t e  b a s i s .  Such approach i s  c l e a r l y  n o t  p o s s i b l e  he re  because w e  

are cons ider ing  a f u t u r e  s c e n a r i o  of geothermal energy development 

which does no t  gene ra t e  s i t e - s p e c i f i c  ope ra t ing  experience r e q u i r e d .  

An on-the-average approach must be  used he re .  The i n c r e a s e  by a 

f a c t o r  of 1.40 on t h e  cas ing  l i f e ,  as t h e  r e s u l t s  of t h i s  p r o j e c t  

w i l l  reduce t h e  e f f e c t s  t h a t  ca s ing  f a i l u r e  have on t h e  wel l  f low. 

This  r educ t ion  is assumed t o  be  p ropor t iona l  t o  t h e  f low reduc t ion  

f r a c t i o n s  l i s t e d  i n  Table  1 and t h e  cas ing  l i f e  f a c t o r  1.40. Thus 

f o r  t h e  low s a l i n i t y  b r i n e  f l a s h i n g  f low,  say ,  t h e  new w e l l  l i f e  i s  

c a l c u l a t e d  by : 

1 1 1 - 5 + (1/1.4)  - = -  l + - +  
L 30 90 90 x 1 . 4  '90 - 90 

and L = 15.75 y e a r s  

which when compared w i t h  t h e  c u r r e n t  average w e l l  l i f e  y i e l d s  a 

change i n  w e l l  l i f e  o f :  

9 . 5 . 2  Impacts on Well L i f e  of Subelement 3-2-B 

Discuss ions  wi th  the  cement program l e a d e r ,  M r .  L.E. Kukacka of 

t h e  Brookhaven Nat iona l  Laboratory,  i n d i c a t e d  t h a t  t h e  cements being 
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developed under  h i s  program are expec ted  t o  las t  twice as l o n g  as  

t h e  c u r r e n t l y  a v a i l a b l e  cements.  T h i s  js assumed h e r e  as a n  opt imis-  

t i c  estimate. The p e s s i m i s t i c  estimate i s  assumed t o  b e  about  50% 

i n c r e a s e  i n  cement l i f e .  Thus t h e  cement l i f e  f a c t o r  i s  i n c r e a s e d  

from 1.0 t o  somewhere between 1.5  and 2 . 0  and t h e  c a l c u l a t i o n  u s i n g  

t h e s e  f a c t o r s  and T a b l e  1 y i e l d s  t h e  f o l l o w i n g  changes of w e l l  l i f e :  

PE 2.: S IMI S T I C OPTIMISTIC -- 

L i f e  ( y r s )  % L i f e  ( y r s )  % -- 

Dry steam w e l l  16.36  9.1  17.14 14.3 

F l a s h  S t e a m  w e l l  (Low S a l i n i t y )  15 .88  5 .9  16.36  9 . 1  

F l a s h  S t e a m  w e l l  (High S a l i n i t y )  7 .70  2 . 7  7.80 4.1 

Binary (Low S a l i n i t y )  I. 6 . I. 2 7.5 16.74 11.6 

Binary (High S a l i n i t y )  15.38 5.9 16.36 9 . 1  

which when expressed  i n  terms of t h e  b e n e f i t  model i n p u t  parameters  

become: 

PES S IMIS 1’ I C  OPTIMISTIC BENEFIT MODEL 
INPUT PARAMETERS Steam F l a s h  Binary Steam F l a s h  Binary  - -- -- 

% Change i n  L i f e  Span of 9.1 5.9 7 .5  14.3 9 . 1  11.6 
P r o d u c t i o n  Wells 
(Low S a l i n i t y )  

% Change i n  L i f e  Span of 9 .1  2 . 7  5.9 
P r o d u c t i o n  Wells 
(High S a l i n i t y )  

14.3 4 . 1  9.1 

9.5.3 Impacts  on Well Cost  of Subelement 3-2-B 

Cement Cos t :  The purchased c o s t  of t h e  new cements is  e x p e c t e d ,  

as i n d i c a t e d  by M r .  Kukacka, t o  i n c r e a s e  by about  10%. T h i s  f i g u r e  
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i s  assumed he re  as o p t i m i s t i c ,  t h e  p e s s i m i s t i c  va lue  is  assumed t o  

be 15%. Cement c o s t  u s u a l l y  accounts  f o r  about 2%* of t h e  t o t a l  w e l l  

c o s t .  Hence the  w e l l  c o s t  change is  somewhere between 0.2 t o  0.3%. 

Note t h a t  cementing c o s t  is unchanged. 

Con t ro l l i ng  c o s t  f o r  pre-product ion f a i l e d  w e l l s :  The avoidance 

of w e l l  f a i l u r e s  due t o  us ing  u n s u i t a b l e  cements can e l i m i n a t e  t h e  

c o s t  of c o n t r o l l i n g  abandoned w e l l s  which would o therwise  be  necessary  

because of environmental  reasons .  It has been found, a l s o  accord ing  

t o  M r .  Kukacka, t h a t  about 1-2% of w e l l s  w e r e  f a i l e d  due t o  cement 

problems and t h a t  t h e  c o s t s  of c o n t r o l l i n g  t h e s e  w e l l s  are about 

twice  as much as  t h e  c o s t  of a product ion  w e l l .  These c o s t s  -ire 

g e n e r a l l y  charged t o  t h e  c o s t  of producing w e l l s .  

L e t  t h e  t r u e  c o s t  of a product ion  w e l l  be  C and cons ider  100 

w e l l s  which are t o  b e  d r i l l e d .  The t o t a l  d r i l l i n g  and completion 

c o s t  is  1 O O C .  One o r  two of t h e  100 w e l l s  f a i l  and t h e  c o s t  f o r  

c o n t r o l l i n g  them is  a l s o  C .  Thus the  r e s u l t e d  c o s t  i s  l O l C  o r  102C 

and t h e  f i n a l  c o s t  pe r  producing w e l l  i s  lOlC/99 o r  102C/98. Now i f  

no w e l l  f a i l s ,  t h e  c o s t  of producing w e l l s  i s  s t i l l  C p e r  w e l l .  The 

change i s  the re f  o r e  : 

(lOlC/99) - c 101 
- 1 = 0.02 o r  2.0% - - -  

C 99 

o r  

(102C/98) - C 102 

C 98 
- - - - 1 = 0.041 o r  4.1% 

* Joseph M. Keriedy and Roy M. Wolke, "From Here t o  There by Demon- 
s t r a t i o n  Dr i l l i ng" ,  Proc.  of t h e  2nd U . N .  Conference on t h e  
Development and Use of Geoth. R e s . ,  San Franc isco ,  May 1975, p .  1503. 
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These f i g u r e s  r e p r e s e n t  t h e  p o s s i b l e  s a v i n g s  i f  s u i t a b l e  cements 

are  used and,  hence,  are c o n s i d e r e d  as t h e  b e n e f i t s  of t h e  cement R&D 

program. The n e t  s a v i n g s  a f t e r  t a k i n g  i n t o  account  t h e  i n c r e a s e s  i n  

cement c o s t  are 2.0% - 0.3% = 1 . 7 %  ( p e s s i m i s t i c ) ,  and 4 .1% - 0.2% = 

3.9% ( o p t i m i s t i c ) .  The r e s u l t s  are  summarized below: 

PESSIMISTIC OPTIMISTIC 
BENEFIT MODEL INPUT PARAMETERS ( A l l )  ( A l l )  

% Change i n  Cost  p e r  p r o d u c t i o n  w e l l  - 1 . 7  -3.9 

Note: The minus s i g n  i n d i c a t e s  s a v i n g .  

I t  i s  noted  t h a t  s o  f a r  i n j e c t i o n  w e l l s  are  n o t  mentioned. T h i s  

i s  because  w e l l s  f o r  i n j e c t i o n  are n o t  s u b j e c t  t o  h i g h  tempera ture  

and t h e r e f o r e  are u n l i k e l y  t o  have cement problems. 

I t  i s  a l s o  noted  t h a t  b e t t e r  cements can e l i m i n a t e  t h e  u s e  of 

meta l l ic  c a s i n g  f o r  w e l l s  i n  low t e m p e r a t u r e ,  h o t  water r e s o u r c e s .  

However s i n c e  t h e s e  r e s o u r c e s  w i l l  n o t  be used f o r  e l e c t r i c i t y  

g e n e r a t i o n ,  t h i s  t y p e  of b e n e f i t  is  n o t  c o n s i d e r e d  i n  t h i s  a n a l y s i s .  

9 . 6  Degree of  Success  

The subelement  purpose i s  t o  deve lop  cements which are s u i t a b l e  

f o r  w e l l s  of tempera ture  up t o  330OC. T h i s  t e m p e r a t u r e  range  c o v e r s  

most of t h e  U.S. hydrothermal  r e s o u r c e s .  The e x c e p t i o n s  are Puna 

f i e l d  ( 3 5 6 O C )  and S a l t o n  Sea f i e l d  (340OC). Hence, i f  t h e  subelement  

g o a l  i s  achieved ,  t h e  market coverage  f r a c t i o n  of t h e  new cements ,  

a l t h o u g h  i t  is  n o t  a hundred p e r c e n t s ,  is h i g h .  However, t h e  approach 

i n  t h e  p r o c e s s  of cement development i s  s t i l l  a t r i a l - a n d - e r r o r  
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approach d e s p i t e  of t h e  suppor t  of cement know how in o i l  and g a s  

i n d u s t r y .  It i s  t h e r e f o r e  f e l t  t h a t  t h e  degree  of success  can be  

reasonably assumed t o  b e  0 . 7 .  

9 .7  R e s u l t s  

OPTIMISTIC 

PESSIMIST I C  

FIGURE OF MERIT 

FY78 TO HISTORICAL 
COMP LET I ON PLANNED -t SUNK 

BENEFIT 
($106)  

1978 DOLLARS 

223.8 66.7 54.2 

122 .2  3 6 . 4  29.6 
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10.0 SUMELEMENT 3-2-C: 

NON-METALLIC CONSTRUCTION MATERIALS 

A - 8 7  





BENEFlTlCOST RATIONALE AND RESULTS 

1 

Preliminary 
Study 

I SUBELEMENT NUMBER 3-2-C CONTRACT NUMBER(S) c O 2 O o l 6  

Advanced Engineering Demonstration & 
Development Development Commercialization 

J 

Basic Exploratory 
Research Development 

Non-Metallic Construction Materials 

CONTRACTOR(S) Brookhaven National Laboratory 

RELATED PROJECTS 
3-2-06 Alternate Materials of Construction and Management (BNL) 
3-2-07 Alternate Materials for Non-Electric Applications (BNL) 
3-2-08 D.A.I. Intensity Polymer Concrete Erosion (BNL/DAI) 

F.Y. 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

To78 78 79 80 81 82 83 84 85 >85 TOTAL 

531 53 1 

242 350 800 550 1100 1450 0 449 2 

0 

531 242 350 800 550 1100 1450 0 5023 

($lOOOs, CURRENT YEAR) I 

Discounted Total of Planned and Additional: 3285 

1 EXPECTED YEAR OF COMMERCIALIZATION 

EXPECTED DEGREE OF SUCCESS 0.8 

OPTIMISTIC 111.5 

PESSIMISTIC 86.1 

OPTIMISTIC 27.2 

PESSIMISTIC 21 .o 

OPTIMISTIC 22.8 

PESSIMISTIC 17.6 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

FIGURE OF MERIT 
(WIOSUNKCOSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

SEE ATTACHED PAGES FOR RATIONALE 
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10.1 Projects in Subelement 

Pro j ec t Code 

3-2-06 

, 1 

77 TOTAL 78 79 80 81 82 83 ';:: 
161 531 180 200 800 550 1100 1450 4280 

0 0 50 150 200 

0 0 12 0 12 

800 550 1100 1450 4492 
661 413 751 900 3285 

Project Title 

TOTAL 

4811 

200 

12 

5023 
3910 

Alternate Materials of Construction and 
Management 

3-2-07 

3-2-08 

Alternate Materials for Non-Electric 
Ap p 1 i. cat ion 

D.A.I. Intensity Polymer Concrete Erosion 

10.2 Goal 

Non-metallic coatings including plastics, concrete polymers, and 

refractory cements to replace the portions of metal which are designed 

to allow for corrosion and erosion in pipings and pressure vessels. 

10.3 Costs  

PROJECT 
CODE 

3-2-06 

3-2-07 

3-2-08 

PRIOR 
7 7  

370 

0 

0 

370 
448 

COST ($1000) BY FISCAL YEAR 
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10.4 I d e n t i f i c a t i o n  of Impacted Parameters  

The c o r r o s i o n  ra te  of carbon s tee l  by h o t  s a l i n e  water i s  about  

0 .25 mm/year even f o l l o w i n g  e f f i c i e n t  d e a e r a t i o n  of t h e  water.  T h i s  

i n d i c a t e s  t h a t  components of a geothermal  power p l a n t  which are i n  

c o n t a c t  i n  t h e  b r i n e s  must b e  overdes igned  t o  a l l o w  f o r  c o r r o s i o n  

d u r i n g  t h e  l i f e  span  of t h e  power p l a n t .  The w a l l  t h i c k n e s s  of t h e  

components must b e  i n c r e a s e d  from t h e  t h i c k n e s s  r e q u i r e d  t o  w i t h s t a n d  

o p e r a t i n g  p r e s s u r e s  by a n  amount e q u a l  t o  t h e  cor roded  t h i c k n e s s  

d u r i n g  t h e  p l a n t  l i f e  t i m e .  Hence i f  c o a t i n g s  which do n o t  c o r r o d e  

away can  b e  developed and a p p l y  such  a d d i t i o n a l  t h i ckness  can b e  

e l i m i n a t e d  and consequent ly ,  t h e  c a p i t a l  c o s t s  can b e  reduced.  The 

impacted parameters  i d e n t i f i e d  h e r e  are t h e  c a p i t a l  c o s t s  of t h o s e  

components which are i n  c o n t a c t  w i t h  t h e  b r i n e .  

t h e  subelement g o a l s  do n o t  i n c l u d e  improvements i n  w e l l  c a s i n g .  

10.5 Impacts  on System Parameters  

It i s  noted  t h a t  

Components of t h e  power p l a n t  a f f e c t e d  by t h e  r e s u l t s  of t h i s  

subelement  are p i p e l i n e s  and p r e s s u r e  vessels. The a n a l y s i s  p r e s e n t e d  

h e r e  make u s e  of c o s t  d a t a  r e p o r t e d  by M r .  Kukacka, p r o j e c t s  l e a d e r ,  

of t h e  Brookhaven N a t i o n a l  Labora tory :  

Vessel s h e l l s  and i n t e r n a l  s t r u c t u r e s  . . . . . . .  $952/ ton  
Large d i a m e t e r  (>20 i n c h )  p i p e  . . . . . . . . . .  $3870/ton 
Small  d i a m e t e r  p i p e  . . . . . . . . . . . . . . .  $3124/ton 
Polymer c o n c r e t e  . . . . . . . . . . . . . . . . .  $318/ton 
Applying cement l i ne r s  . . . . . . . . . . . . . . .  $5/f  t2 

Note: The c o s t  f i g u r e s  are i n  1978 d o l l a r s .  
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10.5.1 P i p e l i n e s  

Cons ide r  a one f o o t  s e c t i o n  of p i p e  s u b j e c t e d  t o  a t y p i c a l  oper- 

a t i n g  p r e s s u r e  of  250 p s i g .  The p i p e  h a s  a d i a m e t e r  D and w a l l  

t h i c k n e s s  t and is made of steel. which t y p i c a l l y  h a s  a d e s i g n  stress 

of 8,000 p s i .  The minimum r e q u i r e d  t h i c k n e s s  is 

250D = 0.0156D 8000 x 2 t =  

L e t  u s  a l s o  assume a n  ave rage  d i a m e t e r  of 20 i n c h e s  and b a s e  t h e  

c a l c u l a t i o n  on p i p e  material. c o s t  of $3800/ ton.  The above t h i c k n e s s  

becomes 0.0156 x 20 = 0.31 i n c h e s  which y i e l d s  a c o s t  o f :  

3800 $ 
2ooo lb x (-- ) = $ 1 2 5 / f t  l b  0'31 n 2 0  x 1 x (62.34 x 7 .8  m) 12 x- 1 2  

Now, a t h i r t y - y e a r  l i f e  p l a n t  would r e q u i r e  a n  a d d i t i o n a l  t h i c k -  

n e s s  of 0 .25 mm/yr x 30 = 7 . 5  mm o r  7 .5/25.4 = 0 .30  i n .  The c o s t  

which i s  p r o p o r t i o n e d  t o  t h e  w a l l  t h i c k n e s s  becomes: 

O s 3 '  + O a 3 0  x 125 = $ 2 4 6 / f t  0 . 3 1  

T h i s  means t h a t  t h e  material c o s t  f o r  p i p e l i n e s  w i t h  c u r r e n t  

t echno logy  is  abou t  $ 2 4 6 / f t  which i n c l u d e s  a n  o v e r d e s i g n  c o s t  of 

246 - 125 = $ 1 2 1 / f t .  I f  c o a t i n g s  are  used w i t h  a t h i c k n e s s  of 1 / 4  

i n c h  and d e n s i t y  of 2 x 62.34 l b / f t 3  ( approx ima te  c o n c r e t e  d e n s i t y ) ,  

the c o a t i n g  material  c o s t  is: 

318 ) = $ 2 / f t  0 .25 TT 20 x - x 1 x (62.34 x 2)  (- 12 1 2  2000 

and t h e  a p p l y i n g  c o s t  i s  

-IT 2o x 1 x ( 5  ft2) $ -  -- $ 2 6 / f t .  
1 2  
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TABLE 1 

MATERIAL COSTS FOR PIPELINES AND 
PRESSURE VESSELS I N  1978 DOLLARS 

P i p e l i n e s  

Cost  f o r  s t r e n g t h  requi rement  ( $ / f t )  

Cost  f o r  C o r r o s i o n  a l lowance  ( $ / f t )  

Cost of c o a t i n g  ( $ / f t )  

TOTAL ( $ / f t )  

Change ( $ / f  t )  

P r e s s u r e  Vessel 

Cost  f o r  s t r e n g t h  requi rement  ($)  
s h e l l  
i n n e r  p i p e  

Cost f o r  c o r r o s i o n  a l lowance  ($ )  
s h e l l  
i n n e r  p i p e  

Cost of c o a t i n g  (mats + a p p l i c a t i o n ) ( $ )  

TOTAL ($ )  

Change ($1 

:URRENT 

125 

121 

0 

246 

0 

0 

- 

639 
100" 

511 
240 

0 

1490 

0 

0 

W I T H  
COATING 

125 

0 

28 

153 

-93 

-37.8 

639 
1 oo* 

0 
0 

69 1 

1430 

-60 

-4.0 

* Assumed. 
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The materials c o s t  sav ing  is  thus  37.8% as shown i n  t h e  summary 

i n  Table  1. This  estimate i s  noted t o  f a l l  w i t h i n  t h e  range of 35 - 

45% es t imated  by M r .  Kukacka. 

10.5.2 P res su re  Vessels  

S ince  p re s su re  v e s s e l s ,  e .g . ,  w e l l  head s e p a r a t o r ,  are s u b j e c t  

t o  t he  same cond i t ions  as the  p i p e l i n e s ,  the  method of c a l c u l a t i o n  i s  

similar t o  t h e  above. I f  t h e  New Zealand des ign  shown i n  F igure  1 i s  

assumed, t h e  w a l l  t h i ckness  requirement f o r  s t r e n g t h  is 

I f  D i n  t h e  above equat ion  i s  assumed t o  be 30 inches ,  t i s  equal  t o  

,0.0125 x 30 = 0.375 inches ,  and t h e  s t e e l  c o s t  becomes: 

(62.34 x 7.8) 1 0.375 TT 30 4 x 30 + TT 302 -[[-. 1 2  ( 12 ) 144 x 4 

Cost of co r ros ion  allowance (thiclcness=0.30 in.) i s  p ropor t iona l  t o  t h e  

above f i g u r e  as follows: 

Oo30 x 639 = $511 0.375 

The inne r  p ipe  t h e o r e t i c a l l y  does no t  r e q u i r e  s t r e n g t h ,  however l e t  us  

assume i ts  c o s t  is  $100 and i t s  th i ckness  is  0.25 in .  The co r ros ion  

allowance must be  incorpora ted  on both  s i d e s  of t h i s  p ipe  making t h e  

t o t a l  t h i ckness  f o r  co r ros ion  a t  least 0.60 in .  Hence c o s t  f o r  cor- 

ros ion  allowance is: 

- Oo60 x 100 = $240 
0.25 
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0- FLUID1 

3D 

0 STEAM 

(P. Bangma, "The Development and Performance of 
a Steam-Water Sepa ra to r  f o r  Use on Geothermal 
Bores", Proc.  of t h e  Conf. on New Sources  of 
Energy, Vol. 3 ,  p.  60, Rome, 21-31 August 1961) 

FIGURE 1 
A DESIGN OF WELL HEAD SEPARATOR 
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Cost of coa t ing  materials of 1/4" t h i c k  f o r  s h e l l  and inne r  p i p e  is: 

OPTIMISTIC 

PESSIMISTIC 

(LE 318 639 +A  0 25 ALE 240) ,T8 2 = $53 
0.375 952 0.30 952 

FIGURE OF MERIT 

FY 7 8  TO HISTORICAL 
COMPLETION PLANNED -I- SUNK 

BENEFIT 
($106) 

111.5 2 7 . 2  2 2 . 8  

86.1 2 1  .o 1 7 . 6  

Coating a p p l i c a t i o n  cos t s :  

ITD 2 
= 102.1 D = $638 

2 
( $ 5 / f t 2 )  [ ITD x 4D + 2 + 2 (T 

The change is ,  as shown i n  Table 1, about - 4.0%. 

10.5.3 Impacts on Benef i t  Model Input  Parameters 

From t h e  f i g u r e s  above, i t  i s  reasonable  t o  assume t h a t  t h e  c o s t  

sav ings  on materials c o s t s  are 35 - 45% f o r  p i p e l i n e s  and 2 - 5% f o r  

p re s su re  vesee ls .  I f  t h e  material c o s t s  are  assumed t o  make up 70% 

of t h e  i n s t a l l e d  c o s t  of p i p e l i n e s  and 50% of t h e  i n s t a l l e d  c o s t  of 

p re s su re  v e s s e l s ,  t h e  sav ings  become 24.5 - 31.5% f o r  p i p e l i n e s  and 

1 - 2.5% f o r  p re s su re  v e s s e l s D  

b e n e f i t  model input  parameters as shown i n  Table 2, which is  s e l f -  

explanatory.  

These f i g u r e s  are r e l a t e d  t o  t h e  

10.6 Degree of Success 

The r e s u l t s  of t h i s  subelement, i f  t he  contained p r o j e c t s  are 

success fu l ,  can be used on appropr i a t e  components i n  a l l  s i t e s ,  and 

hence t h e i r  market sha re  can be assumed as 100%. However l i k e  o the r  

m a t e r i a l s  p r o j e c t s ,  t h e  search  f o r  s u i t a b l e  coa t ings  is a t r ia l -and-  

e r r o r  process .  Therefore  the  degree of success  can be reasonably 

assumed t o  be 0.8.  

1 0 . 7  Resu l t s  



TABLE 2 

IMPACTS ON THE COST MODEL INPUT PARAMETERS 

COST MODEL INPUT PARAMETER 

C a p i t a l  c o s t  of g a t h e r i n g  
system 

u 

C a p i t a l  c o s t  of p r o c e s s  
Mechanical (producer )  

C a p i t a l  c o s t  of 
D i s t r i b u t i o n  System 

C a p i t a l  c o s t  o f  p i p i n g  
and i n s u l a t i o n  

COMPONENTS* INCLUDED 
I N  INPUT PARAMETER 

piping f o r  steam, 
b r i n e  o r  b o t h  t o  
p l a n t  

deep  w e l l  pumps, 
p r o c e s s  pumps, 
valves, s e p a r a t o r s  

p i p i n g  f o r  d i s p o s a l  
b r i n e  from p l a n t  t o  
w e l l s  

i n - p l a n t  p r o c e s s  
p i p i n g  and i n s u l a t i o n  

COST FRACTION** 
OF IMPACTED 

COMPONENTS 

100% f o r  b i n a r y  

30% f o r  f l a s h  

0% f o r  b i n a r y  

40% f o r  f l a s h  

100% f o r  b i n a r y  

100% f o r  f l a s h  

5% f o r  b i n a r y  
0% f o r  f l a s h  

* Under l ined  is t h e  component a f f e c t e d  by t h i s  subelement 's  r e s u l t s .  

** Est imated .  

IMPACTS ON INPUT 
PARAMETERS 

PES S I M I  STIC 

-24.5% 

-7.4% 

0 

9.8% 

-24.5% 

-24.5% 

-1.2% 
0 

)PT IMIST I C  

-31.5% 

-9.5% 

0 

1 2 . 6 %  

-31.5% 

-3 1.5% 

-1 .6% 
0 



11.0 SUBELElMENT 3-2-D : 

SEAL MATERIALS DEVELOPMENT 
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BENEFITICOST RATIONALE AND RESULTS 

Preliminary 
Study 

SUBELEMENT NUMBER 3-2-D 

J 

Basic Exploratory Advanced Engineering Demonstration & 
Research Development Development Development Commercialization 

I A361011, C031308, 
NUMBER(S) C031325, C040789, 951074 

F.Y. 

1.  Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

TITLE S e a l  Materials Development 

To78 78 79 80 81 82 83 84 85 >85 TOTAL 

378 378 

434 205 550 0 300 1469 

0 

1847 

I CONTRACTOR(S) NASA/JPL, L'Garde,  Hughes Ai rcraf t ,  Sandia  Lab.,  BNL, ASTM 

RELATED PROJECTS 3-2-09 High Temperature Elas tomers  R&D (NASA/JPL) 
3-2-10 A l t e r n a t e  High Temperature  S e a l  Materials (BNL) 3-2-13 Gee. Seal 
3-2-11 High Temperature Elas tomers  (:L'Garde) 
3-2-12 Development of Well Logging Materials (Hughes) 

Symposium (ASTM) 

EXPECTED YEAR OF COMMERCIALIZATION 

EXPECTED DEGREE OF SUCCESS 0.3 

198 1 

OPTIMISTIC 324 .7  

PESSIMISTIC 44 .5  

OPT1 M ISTIC 77 .3  

PESSIMISTIC 1 0 . 6  

OPTIMISTIC 58 .0  

PESSIMISTIC 7 . 9  

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

FIGURE OF MERIT 
( W I O  SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

SEE ATTACHED PAGES FOR RATIONALE 
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11.1 P r o j e c t s  i n  Subelement 

P r o j e c t  Code P r o j e c t  T i t l e  

3-2-09 High Temperature Elas tomers  R&D 

3-2-10 A l t e r n a t e  High Temperature S e a l  Materials 
RFP 

3-2-11 High Temperature Elas tomers  

3-2-12 

3-2-13 

Development of Elas tomers  f o r  W e l l  Logging 
Equi-pment 
Geothermal Seal Symposium - Boston 

3-2-09 =I 
---I-> Impact 

GOAL 

3-2-12 T 
11.2 Goal 

E l a s t o m e r i c  seal  materials which a re  s u i t a b l e  f o r  use  i n  geother -  

m a l  environments  a t  tempera tures  up t o  250OC. 
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11.3 Cos ts  

PROJECT 
CODE 

3-2-09 

3-2-10 

3-2-1 1 

3-2-12 

3-2-13 

TOTAL 

($78)  

PRIOR 
77 

40 

0 

0 

0 

0 

40 

48  

COST ($1000) BY FISCAL YEAR 

77 TOTAL 78  79 

64 104 104 0 

0 0 0 125  

182 182 220 8 0  

92 92  87* 0 

0 0 3 0 

338 378  414 205 

372 420 414 186 

80 
- 

550 

- 
550 

455 
- 

81 

0 

- 
0 

0 
- 

82  83 

100 

)OO 

!05 

TOTAL 
7 8+ 

104 

975 

300 

87 

3 

1469 

1260 

TOTAL 

208 

975 

482 

179 

3 

1847 

1680 

* O b l i g a t e d  i n  F i s c a l  Year 1977.  

11 .4  I d e n t i f i c a t i o n  of Impacted Parameters  

Elastomeric materials are used as seals i n  many w e l l - d r i l l i n g  

and comple 

sondes and 

t o  f a i l  a t  

and about  

i o n  t o o l s ,  i n c l u d i n g  d r i l l  b i t s ,  p a c k e r s ,  and l o g g i n g  

c a b l e s .  C u r r e n t l y  a v a i l a b l e  e l a s t o m e r i c  materials tend  

t e m p e r a t u r e s  above 2OO0C i n  s t a t i c  s e a l i n g  a p p l i c a t i o n s ,  

OO°C i n  dynamic r o t a r y  s e a l i n g  a p p l i c a t i o n s .  

Improved seals  i n  d r i l l  b i t s  could  ex tend  t h e  tempera ture  a t  

which s e a l e d  j o u r n a l  b e a r i n g  d r i l l  b i t s  can b e  used ,  t h u s  i n c r e a s i n g  

b i t  l i f e  under  h i g h  tempera ture  d r i l l i n g  c o n d i t i o n s .  Improved seals 

i n  packers  would r e d u c e  t h e  d i f f i c u l t y  and c o s t  of cementing j o b s  

and s t i m u l a t i o n  j o b s .  I n  f a c t ,  a common o p i n i o n  i n  t h e  geothermal  
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d r i l l i n g  i n d u s t r y  is  t h a t  many d e s i r a b l e  geothermal  s t i m u l a t i o n  j o b s  

w i l l  n o t  b e  p r a c t i c a b l e  u n t i l  a new h i g h  tempera ture  packer  i s  

developed.  

Logging equipment u s e s  e l a s t o m e r s  as s t a t i c  seals i n  l o g g i n g  

sondes and as i n s u l a t i o n  i n  logging  c a b l e .  These two t y p e s  of 

materials are ana lyzed  t o g e t h e r  because  they  are  s imi l a r  i n  t h a t  i f  

one t y p e  i s  developed,  i t  can b e  used f o r  t h e  o t h e r  a p p l i c a t i o n .  

11 .5  Impacts  on System P a r a m e t e j s  

The impacted parameters  i d e n t i f i e d  above are r e l a t e d  t o  t h e  

system parameter  " w e l l  cost ' ' .  

and i n c o r p o r a t e d  i n  a computer code developed by MITRE c a l l e d  WELCST. 

Such r e l a t i o n s h i p  h a s  been ana lyzed  

The u s e r ' s  gu ide  and d e s c r i p t i o n  f o r  t h i s  code is  r e p o r t e d  elsewhere*.  

The WELCST model i s  used h e r e  t o g e t h e r  w i t h  t h e  b e n e f i t  model and 

t h e  impacts  of t h e  subelement w i l l  b e  l i s t e d  i n  terms of d o l l a r s  

r a t h e r  t h a n  t h e  changes i n  t h e  b e n e f i t  model i n p u t s .  

11 .5 .1  D r i l l  B i t s  

Most geothermal  d r i l l i n g  is  done w i t h  sealed j o u r n a l  bea r ing  

t r i c o n e  tungs ten-carb ide  i n s e r t  b i t s .  The seals i n  t h e s e  b i t s  f a i l  

when t h e  bottom h o l e  c i r c u l a t i n g  tempera ture  of t h e  d r i l l i n g  f l u i d  

exceeds about  100°C**. Once t h e  seals f a i l  t h e  j o u r n a l  b e a r i n g s  

t h e n  f a i l  ex t remely  r a p i d l y  because  t h e y  l o s e  l u b r i c a t i o n  and are 

eroded by g r i t  from t h e  d r i l l i n g  f l u i d .  

* D . J .  Ent ingh  and A .  Lopez; "WELCST, Engineer ing  Cost Model of Geo- 
thermal  Wells: D e s c r i p t i o n  and User's Guide", MITRE/Metrek Report  
M-78-86, December 1978. 

** P e r s o n a l  communication, R.R. Hendrickson,  Terra Tek, I n c .  
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Above 100°C r o l l e r  b e a r i n g  b i t s  are used.  (These are u s u a l l y  

u n s e a l e d ,  because  seals o f f e r  on ly  v e r y  s h o r t  term p r o t e c t i o n  a g a i n s t  

p e n e t r a t i o n  by d r i l l i n g  f l u i d ) .  The r o l l e r  b e a r i n g s  w i t h s t a n d  g r i t  

b e t t e r  than  do  j o u r n a l  b e a r i n g s ,  b u t  t h e  l i f e  of a n  u n s e a l e d  r o l l e r  

b e a r i n g  b i t  is only  about  o n e - t h i r d  t o  o n e - f i f t h  t h a t  of a s e a l e d  

j o u r n a l  b e a r i n g  b i t .  Thus seals  t h a t  could  s u r v i v e  more t h a n  100°C 

would a l l o w  t h e  s t r o n g e r  j o u r n a l  b e a r i n g  b i t  t o  be used i n  p o r t i o n s  

of g e o t h e r m a l w e l l s  where t h e y  do n o t  s u r v i v e  today.  

Two c o n d i t i o n s  were examined u s i n g  MITRE'S WELCST model of 

geothermal  well costs: d r i l l i n g  i n  mud and d r i l l i n g  i n  a i r .  

( a )  D r i l l i n g  i n  mud. Improved seals w i l l  r educe  d r i l l i n g  c o s t s  

on ly  when bottom h o l e  mud tempera tures  exceed 100°C. 

model c o n t a i n s  e q u a t i o n s  f o r  bottom h o l e  c o o l i n g  and r e h e a t i n g  due t o  

c i r c u l a t i o n  and i n t e r r u p t e d  c i r c u l a t i o n  of mud. WELCST assumes t h a t  

a lmost  a l l  d r i l l i n g  a t  t h e  27  U.S .  geothermal  p r o s p e c t s  c o n s i d e r e d  i n  

t h e  model w i l l  b e  d r i l l e d  w i t h  mud. Runs of t h e  model under v a r y i n g  

parameters  s u g g e s t  t h a t  a t  only  2 of t h e  2 7  p r o s p e c t s  w i l l  c i r c u l a t i n g  

bottom h o l e  mud tempera tures  tend  t o  exceed 100°C w h i l e  t h e  b i t  i s  

r o t a t i n g .  The average  c o s t  s a v i n g s  a c r o s s  a l l  w e l l s  i n d i c a t e d  by 

WELCST due  t o  seals improved t o  t o l e r a t e  15OoC is  only  about  0.03% 

The WELCST 

p e r  w e l l .  Higher  t e m p e r a t u r e  l i m i t s  on seals do n o t  add any more 

b e n e f i t s  from mud d r i l l i n g .  Thus t h e  0.03% r e d u c t i o n  i n  w e l l  c o s t  i s  

a c c e p t e d  as b o t h  t h e  o p t i m i s t i c  and t h e  p e s s i m i s t i c  estimate of t h e  

b e n e f i t  due t o  t h i s  f a c t o r .  
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(b)  D r i l l i n g  i n  a i r .  When a i r  is  t h e  d r i l l i n g  f l u i d  i n  t h e  

h o t t e r  p o r t i o n s  of geothermal  w e l l s ,  r o l l e r  b e a r i n g  b i t s  ( l i f e t i m e  

about  18-30 h r s . )  must b e  used r a t h e r  t h a n  s e a l e d  j o u r n a l  b e a r i n g  

b i t s  ( l i f e t i m e  about  90 h r . )  because  t h e  b i t s  are  n o t  cooled  much by 

t h e  a i r  c i r c u l a t i o n .  N o n e t h e l e s s ,  a i r  d r i l l i n g  is o f t e n  advantageous 

because  p e n e t r a t i o n  rates i n  a i r  can b e  two t o  t h r e e  t i m e s  t h o s e  i n  

mud. High-temperature seals might  have a l a r g e  economic b e n e f i t  i f  

they  al lowed j o u r n a l  b e a r i n g  b i t s  t o  b e  used i n  a i r  d r i l l i n g .  T h i s  

would t a k e  combined advantage  of t h e  h i g h e r  rates of p e n e t r a t i o n  i n  

a i r  and t h e  l o n g e r  l i f e  of j o u r n a l  b e a r i n g s .  

The WELCST model w a s  used t o  e v a l u a t e  t h i s  p o s s i b i l i t y ,  by 

v a r y i n g  t h e  b i t  seal  tempera ture  l i m i t  w h i l e  d r i l l i n g  a t y p i c a l  

geothermal  w e l l  i n  which a i r  i s  used f o r  p a r t  of t h e  d r i l l i n g .  The 

" t y p i c a l "  w e l l  w a s  d e f i n e d  by:  d e p t h  = 6500 f t . ,  bottom h o l e  forma- 

t i o n  t e m p e r a t u r e  = 25OoC, rock  d r i l l a b i l i t y  = medium h a r d ,  upper  70% 

of w e l l  d r i l l e d  i n  mud, lower 30% d r i l l e d  i n  a i r .  I t  w a s  assumed 

t h a t  t h e  tempera ture  t o  which t h e  b i t  seals are exposed i s  approxi -  

mate ly  t h a t  of t h e  r o c k  b e i n g  d r i l l e d  ( t h i s  assumption i m p l i e s  t h a t  

a i r  carries h e a t  away from t h e  b i t  f a s t  enough t o  compensate h e a t i n g  

due t o  f r i c t i o n ,  b u t  does  n o t  p r o v i d e  s i g n i f i c a n t  b o r e h o l e  c o o l i n g ) .  

Runs of t h e  model i n d i c a t e  no economic b e n e f i t  i n  t h i s  u s e  u n t i l  

t h e  seal  tempera ture  l i m i t  r e a c h e s  about  20OoC. 

r a i s e d  t o  25OoC, t h e  c o s t  of t h e  w e l l  i s  reduced by 3.5%. T h e r e f o r e  

t h e  p e s s i m i s t i c  estimate of t h e  impact from t h i s  f a c t o r  is se t  a t  

I f  t h e  l i m i t  is 
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a t  ze ro ,  and t h e  o p t i m i s t i c  estimate estimate i s  set  a t  a 3.5% reduc- 

t i o n  i n  product ion w e l l  c o s t s .  

11.5.2 Rota t ing  D r i l l  Head 

The seals a t  t h e  r o t a t i n g  d r i l l i n g  head need f r equen t  change-out 

because of embri t t lement  caused by t h e  h igh  temperature  of t h e  r e t u r n  

d r i l l i n g  f l u i d s .  

and r e q u i r e s  one day a t  t h e  most. 

wh i l e  t r i p p i n g  a b i t ,  much of i t s  down-time c o s t  i s  absorbed i n t o  t h e  

t r i p p i n g  c o s t .  

e l i m i n a t e  change-out, the  c o s t  s av ings  p e r  w e l l  w i l l  range f r o m  $ 5 K  

t o  $10K, or  0.6% t o  about 1 . 2 % .  

The change-out of t h e s e  seals i s  r e l a t i v e l y  easy  

I f  t h e  change-out t akes  place 

Thus i f  s u i t a b l e  seals a re  developed and used t o  

11.5.3 Cementing Cost 

The c u r r e n t  s t a t u s  of geothermal w e l l  cementing w a s  desc r ibed  as 

follows*: When cementing in t e rmed ia t e  cas ing  a t  t h e  Geysers t h e  w e l l  

must b e  cooled p r i o r  t o  going i n  wi th  t h e  packer and s p e c i a l  precau- 

t i o n s  must b e  taken.  

t i m e s  as much as t h e  c o s t  a t  a comparable o i l  w e l l .  Another sou rce  

(Union O i l ,  5 /78) ,  estimates t h a t  g r e a t e r  than 50% of the  time more 

than  one t r y  i s  r equ i r ed  t o  pack o f f  i n  t h e  205-260°C (400-5000F) 

range. 

One squeeze c o s t s  $60K-$75K which i s  about  f i v e  

The 50% of the  t i m e  mentioned above can be  t r a n s l a t e d  t o  about 

one day of o p e r a t i o n  o r  about $10K i n  cost .** Thus t h e  impact of 

* Personal  communication from M r .  Al lan  R. Hirasuna,  GEM Program 

** Persona l  communication from M r .  Louis Capuano, D r i l l i n g  Manager 
Manager, L'Garde, Inc .  

of Thermogenic Company. 
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t h i s  f a c t o r  w i l l  range from ze ro  t o  about 1 .2% reduc t ion  i n  c o s t  p e r  

w e l l .  

11.5.4 Well S t imula t ion  Costs - 

High temperature  packers  a r e  an e s s e n t i a l  requirement f o r  

e f f i c i e n t  and s u c c e s s f u l  s t i m u l a t i o n  of geothermal w e l l s .  Recent 

estimates i n d i c a t e  t h a t  from 5 t o  10% of geothermal w e l l s  w i l l  be 

s t imulated*.  High temperature  packers  could save  between $ 1 0 K  and 

$30K per  f r a c t u r i n g  job .  Assuming a t y p i c a l  w e l l  c o s t  of $800K, 

t h i s  f a c t o r  could save between 0.1% and 0.35% of t h e  c o s t  p e r  w e l l  

when averaged ac ross  a l l  product ion  and i n j e c t i o n  w e l l s .  

11.5.5 Logging Equipment Costs  

A r e c e n t  a n a l y s i s  of t he  economic b e n e f i t s  from geothermal 

logging t o o l  development** estima.tes a t o t a l  b e n e f i t  ranging from 

$60 m i l l i o n  t o  $180 m i l l i o n  f o r  t h e  development of improved sondes 

and from $30 m i l l i o n  t o  $98 m i l l i o n  f o r  t he  development of improved 

logging cab le s .  Elastomers are c r e d i t e d  he re  wi th  5% of t h e  expected 

b e n e f i t  from t h e  sondes,  where they w i l l  be used mainly as s t a t i c  

seals, and 30% of t h e  b e n e f i t  from t h e  c a b l e s ,  where t h e i r  r o l e  as 

i n s u l a t i o n  is  very important .  Consequently,  t he  p e s s i m i s t i c  b e n e f i t  

i s  es t imated  as $3  + $10 = $13 m i l l i o n ,  and t h e  o p t i m i s t i c  b e n e f i t  

es t imated  as $9 M + $33 M = $42 m i l l i o n  a c r o s s  a l l  wells i n  t h e  

b e n e f i t s  model developmental  s cena r io .  

* See Volume I11 of t h i s  r e p o r t .  
** See Volume I1 of t h i s  r e p o r t .  
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11.5.6 S u m a r y  of Impacts  

The c u r r e n t  average  w e l l  c o s t  is  about  $800/wel l ,  and t h e  d i s -  

counted b e n e f i t  of a 1.0% r e d u c t i o n  i n  w e l l  c o s t  o c c u r r i n g  by a n  

impact y e a r  of 1981 is  about  $45 m i l l i o n .  The b e n e f i t  from t h e  f i v e  

impacts  d e s c r i b e d  above are: 

BENEFIT ( $  MILLIONS, 1978) 

IMPACTED COST ITEM PESSIMISTIC OPTIMISTIC 

D r i l l i n g  i n  Mud 
D r i l l i n g  i n  A i r  
R o t a t i n g  D r i l l  Head 
Cementing Cost 
Well S t i m u l a t i o n  
Logging Equipment 

TOTAL 

1 . 4  
0.  

27. 
0 .  
4 .5  

13.0 

45.9 
-. 

1.4  
157.5 

54.0 
54.0 
15.8 
42.0 

324 .7  

11.6 Degree of Success  

The c u r r e n t  e l a s t o m e r i c  materials are p r a c t i c a l  o v e r  t h e  t e m -  

p e r a t u r e  range  100°C t o  2OO0C, depending on t h e  a p p l i c a t i o n .  Thus 

t h e  a n t i c i p a t e d  market  f o r  e l a s t o m e r s  i n  geothermal  t o o l s  w i l l  b e  

s h a r e d  by e x i s t i n g  and n o v e l  materials.  Moreover, t h e  p r o j e c t s  

compris ing t h i s  subelement  are  of t h e  t r i a l - a n d - e r r o r  materials 

t e s t i n g  t y p e ,  and t o  d a t e  are n o t  showing s i g n s  of d e l i v e r i n g  l a r g e  

i n c r e a s e s  i n  seal tempera ture  l i m i t s .  Cons ider ing  t h e s e  f a c t o r s ,  

t h e  a n t i c i p a t e d  d e g r e e  of s u c c e s s  of t h e  subelement as a whole i s  set  

as a f a i r l y  low v a l u e :  0.3. 
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11.7 Resu l t s  

! 

- 

OPTIMISTIC 

PESSIMISTIC 

FIGURE OF MERIT 
BENEFIT 
($106) FY78 TO HISTORICAL 

PLANNED + SUNK 1978 DOLLARS COMPLETION 
- 

$324.7 77.3 58.0 

$ 45.9 10.9 8.2 
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12.0 SUBEL,EMENT 3-2-E: 

CORROSION OF METALS 
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BENEFlTlCOST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3-2-E CONTRACT NUMBER(S) 4511830, 05ENG26 

Corrosion of Metals 

CONTRACTOR(S) P a c i f i c  Northwest Laboratory,  Oak Ridge Nat iona l  Laboratory 

Preliminary 
Study 

RELATED PROJECTS 
3-2-14 Iron-Base Alloys ve r sus  A l t e r n a t e  Materials (PNL) 
3-2-15 Cor ros iv i ty  of Br ine  (ORNL) 

J 
Basic Exploratory Advanced Engineering Demonstration & 

Research Development Development Development Commercialization 

F.Y. 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

~ 

($lOOOs, CURRENT YEAR) 

To78 78 79 80 81 82 83 84 85 >85 TOTAL 

1432 1432 

275 275 

0 

~~ _____ 

* 

OPTIMISTIC 26.6 

PESSIMISTIC 17.5 

OPTIMISTIC 29.0 

PESSIMISTIC 19.1 

OPTIMISTIC 4 . 8  

PESSIMISTIC 3.1 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

FIGURE OF MERIT , 

(WIOSUNKCOSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

Discounted Total of Planned and Additional: 275 

EXPECTED YEAR OF COMMERCIALIZATION 1979 I 
I I EXPECTED DEGREE OF SUCCESS 0.3 
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1 2 . 1  P r o j e c t s  i n  Subelement 

- 
3-2-14 

P r o j e c t  Code 

- 

3-2- 1 4  

- 

3-2-15 

GOAL 

P r o j e c t  T i t l e  

I ron-base a l l o y s  v e r s u s  A l t e r n a t e  Materials 

C o r r o s i v i t y  of B r i n e  

3-2-15 
L 

77 

493 

370 

863 

1044 

12 .2  Goal 

To s t u d y  c o r r o s i o n  of metals i n  geothermal  b r i n e  and t o  e s t a b -  

77 TOTAL 

349 842 

220 590 

569 1432 

626 1670 

l i s h  t h e  a p p l i c a b i l i t y  of e x i s t i n g  i ron-base  a l l o y s  i n  geothermal  

systems under  v a r i o u s  b r i n e  condi . t ions .  

12.3  Costs  

PROJECT 
CODE 

3-2-14 

3-2-15 

TOTAL 

( $ 7 8 )  

COST ( $ 1 0 0 0 )  BY FISCAL YEAR 

TOTAL 

1117 

590 

1707 

1945 
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1 2 . 4  I d e n t i f i c a t i o n  of Impacted Parameters  

I n s u f f i c i e n t  knowledge and informat ion  regarding co r ros ion  of 

materials i n  geothermal b r i n e s  has  f r e q u e n t l y  l e d  t o  co r ros ion  

f a i l u r e s  and shutdowns of t h e  p l a n t s  o r  p a r t s  of t he  p l a n t s .  Thus 

s i t e - s p e c i f i c  co r ros ion  tests must, as i s  c u r r e n t  practice,  b e  run  

a f t e r  a t es t  w e l l  has  been d r i l l e d  and completed. The e x t e n t  of t h e s e  

tests depend on how much i s  known about b r i n e  c o r r o s i v i t y  s p e c i f i c  

t o  t h e  s i t e  under development. S ince  t h i s  R&D subelement e s s e n t i a l l y  

provides  des ign  engineers  wi th  informat ion  f o r  s e l e c t i n g  proper  

materials, and is not attempting to develop new materials, it o n l y  

reduces h i s  e f f o r t  i n  materials s e l e c t i o n  process  and does no t  a f f e c t  

t h e  o p e r a t i o n  and equipment c o s t s  of t h e  p l a n t .  Hence t h e  only 

impacted parameter is  t h e  pre-cons t ruc t ion  engineer ing  c o s t .  

12.5 Impacts on System Parameter 

The impacts of t h e  r e s u l t s  of t h i s  subelement on t h e  engineer ing  

c o s t s  can be q u a n t i f i e d  i n  terms of t h e  r educ t ion  i n  co r ros ion  tes t  

e f f o r t  as fo l lows:  

( i )  I f  t h i s  subelement does not  e x i s t ,  t h e  fol lowing 
e f f o r t s  a r e  r equ i r ed :  

0 L i t e r a t u r e  search:  6 manmonths, c o s t :  $5K x 6 = 
$30K. Materials are recommended f o r  t e s t s .  

Corrosion tests: 10 manmonths, c o s t :  $5K x 10 = 
$50K. The tests are c a r r i e d  out over a per iod 
of perhaps 6 t o  18 months. 

Tes t  Materials and Analyses: c o s t  $10K 

TOTAL = $90K 
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( i i )  A s  t h e  r e s u l t s  of t h i s  subelement ,  t h e  above e f f o r t s  
are reduced as follows;:  

0 L i t e r a t u r e  s e a r c h :  1 manweek, c o s t :  $5K x 0.25 = $1.25K 

0 C o r r o s i o n  tests: 2 manmonths, c o s t :  $5K x 2 = $10K 

0 Materials and Analyses:  
c o s t :  $3K 

TOTAL $14.25K 

Thus a s a v i n g  of $90K - $14.25K = $75.25K r e s u l t s .  From t h i s  

f i g u r e  i t  is  r e a s o n a b l e  t o  assume t h a t  t h e  s a v i n g  is somewhere between 

$60K and $90K p e r  p l a n t  r e g a r d l e s s  of i t s  s i z e .  S i n c e  t h e  c o r r o s i o n  

of metals is  concerned,  t h e  t y p e s  of p l a n t  t h a t  are n o t i c e a b l y  

a f f e c t e d  by t h e  r e s u l t s  of t h i s  subelement are t h o s e  which c o n t a i n  

components i n  c o n t a c t  w i t h  b r i n e  ( l i q u i d ) .  These p l a n t s  are f l a s h  

steam and b i n a r y  p l a n t s ,  and i n v o l v e  p r e - c o n s t r u c t i o n  e n g i n e e r i n g  

c o s t s  of $1,990K f o r  f l a s h  steam p l a n t  and $3,10OK f o r  b i n a r y  p l a n t * .  

The s a v i n g  i n  e n g i n e e r i n g  c o s t s  becomes 60/1990 = 3.0% and 60/3100 = 

1.9% i n  t h e  p e s s i m i s t i c  case. The r e s u l t s  are summarized f o r  t h e  

b e n e f i t  mode l  i n p u t  p a r a m e t e r  changes as f o l l o w s :  

PESSIMISTIC OPTIMISTIC 

BENEFIT MODEL INPUT PARAMETER F l a s h  Binary  F l a s h  Binary  

% Change i n  C a p i t a l  Cost  of Engineer ing  -3.0 -1.9 -4.5 -2.9 
and A d m i n i s t r a t i o n  (Producer)  

% Change i n  C a p i t a l  Cost of Engineer ing  -3.0 -1.9 -4.5 -2.9 
and A d m i n i s t r a t i o n  ( U t i l i t y )  

* V .  Thanh Nguyen and H a r p a l  S . I l h i l l o n ,  "An A n a l y s i s  of t h e  Geother- 
m a l  Energy E x t r a c t i o n  and U t i l i z a t i o n  Technology RD&D Program", 
Report  MTR-7886, MITRE Corpora t ion .  J u n e  1978. 
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12.6 Degree of Success 

29.0 

19.1 

Since subelement involves  cor ros ion  tests and is  a compilat ion 

4.8 

3.1 

of t h e  r e s u l t s  of t h e s e  tests, t h e r e  i s  no reason why i t  should no t  

be  success fu l  and achieve  i t s  goal.  The degree of success  would be  

1.0. However s i n c e  t h e  o b j e c t i v e s  of t h e  p r o j e c t s  contained i n  t h i s  

subelement are included i n  t h e  Materials Design Handbook subelement, 

t h e  market of commercialization of t h i s  subelement i s  shared by t h a t  

of t h e  Handbook. Thus, i t s  degree of success  can be assumed as t h e  

d i f f e r e n c e  between u n i t y  and t h e  Handbook's degree of success ,  

i . e .  0.3. 

1 2 . 7  Resu l t s  

I PESSIMISTIC 

BENEFIT 

1978 DOLLARS 
($106) 

26.6 

17.5 

-~ ~ 

FIGURE OF MERIT 

FY78 TO HISTORICAL 
COMPLETION PLANNED + SUNK 
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13.0 SUBELEMENT 3-2-F: 

CASING AND DR1L:L P I P E  MATERIALS 

A - 1 2 1  





BENEFITICOST RATIONALE AND RESULTS 

J 

Preliminary Basic Exploratory Advanced Engineering 
Study Research Development Development Development 

I SUBELEMENT NUMBER 3-2-F CONTRACT NUMBER(S) so22602 

Demonstration & 
Commercialization 

TITLE Casing and D r i l l  P i p e  Materials 

CONTRACTOR(S) Case Western Reserve U n i v e r s i t y  1 

($lOOOs, CURRENT YEAR) I 
I F.Y. I To78 I 78 I 79 I 80 I 81 I 82 I 83 I 84 1 85 1 >85 1 '"9/ 

547 Discounted Total of Planned and Additional: 

EXPECTED YEAR OF COMMERCIALIZATION 1979 

EXPECTED DEGREE OF SUCCESS 0.8 

OPTIMISTIC 37.6 

PESSIMISTIC 26.5 

OPTIMISTIC 55.0 

PESSIMISTIC 38.8 

OPTIMISTIC 29.9  

PESSIMISTIC 21 .1  

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

SEE ATTACHED PAGES FOR RATIONALE 
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1 3 . 1  P r o j e c t  i n  Subelement 

P r o j e c t  Code 

3-2-16 

PROJECT 
CODE 

3-2-16 

$ 7 8  

P r o j e c t  T i t l e  

Casing and D r i l l  P i p e  Materials 

PRIOR 7 7  
77 

337 46 

408  51 

3-2-16 - -  -3 Impacts  
GOAL 

80 81  82 8 3  TOTAL 7 8  79  

383  234 1 8 0  180 0 

459 2 3 4  1 6 4  149 0 

1 3 . 2  Goal 

+ 
- 78+ TOTAL 

5 9 4  977 

547 1006  

To i n c r e a s e  t h e  r e l i a b i l i t y  i n  service a g a i n s t  s u l p h i d e  stress 

c r a c k i n g  a n d / o r  c h l o r i d e  c r a c k i n g  of c a s i n g ,  t u b i n g ,  d r i l l  p i p e ,  and 

o t h e r  downhole components. 

1 3 . 3  Cost 

i COST ( $ 1 0 0 0 )  BY FISCAL YEAR 

1 3 . 4  I d e n t i f i c a t i o n  of Impacted Parameters  

The components which are t o  b e  improved as t h e  r e s u l t s  of t h i s  

Materials subeiement  are used i n  d r i l l i n g  and complet ion of w e l l s .  

c u r r e n t l y  used f o r  c a s i n g ,  f o r  example,  are low s t r e n g t h ,  p l a i n  

carbon s teels .  These low y i e l d  s t r e n g t h  levels  range  from 40 o r  

55 k s i  t o  80 k s i .  These steels have m e t a l l u r g i c a l  s t r u c t u r e s  w i t h  

low toughness  and h i g h  s e n s i t i v i t y  t o  t y p i c a l  a g g r e s s i v e  geothermal  
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environments ,  p a r t i c u l a r l y  i n  terms of H2S, C h l o r i d e  and pH. The 

improved materials t o  b e  developed would g i v e  l o n g e r  u s e  of c a s i n g  

and d r i l l  p i p e s  and t h e r e f o r e  impact t h e  w e l l  l i f e  and w e l l  c o s t  as 

d i s c u s s e d  i n  t h e  n e x t  s u b s e c t i o n .  

13.5 Impacts  on System Parameters  

According t o  t h e  R&D p r o j e c t  manager*, t h e  new steels can  b e  

manufactured a t  a 4% i n c r e a s e  i n  c o s t  and can have a 25-30% i n c r e a s e  

i n  s t r e n g t h .  S i n c e  i n c r e a s e  i n  s t r e n g t h  would i n c r e a s e  d r i l l  p i p e s  

and c a s i n g  l ives ,  w e l l  l i f e  would b e  i n c r e a s e d  and d r i l l i n g  c o s t  

would b e  reduced.  To c a l c u l a t e  t h e s e  impacts ,  i t  is n e c e s s a r y  t o  

r e l a t e  t h e  s t r e n g t h  increase t o  l i f e  i n c r e a s e  f o r  s tee l .  That  i s  a 

f u l l  a n a l y s i s  of p i p i n g  d e s i g n  f o r  l o a d s ,  stresses and c o n c e n t r a t i o n s ,  

thermal  g r a d i e n t s  and t r a n s i e n t s  i s  r e q u i r e d .  Such a n a l y s i s  i s  

c l e a r l y  a monumental t a s k  and w e l l  beyond t h e  scope  of t h i s  r e p o r t .  

To s i m p l i f y  t h e  problem, t h e  s t e e l  l i f e  i s  assumed t o  b e  i n c r e a s e d  by 

t h e  same f a c t o r  as i t s  s t r e n g t h ,  i . e . ,  25-30%. 

13.5.1 Well L i f e  

S i n c e  w e l l  l i f e  is dependent  on o t h e r  f a c t o r s  such  as p r e c i p i -  

t a t i o n ,  cement l i f e  and r e s e r v o i r  p r o p e r t i e s  t h a n  c a s i n g  l i f e ,  a 

r a t i o n a l e  f o r  t h e  impacts  of c a s i n g  l i f e  on w e l l  l i f e  is r e q u i r e d  

h e r e .  Such r a t i o n a l e  h a s  been d i s c u s s e d  and p r e s e n t e d  i n  s u b s e c t i o n  

9 .5 .1  and t h e r e f o r e  w i l l  n o t  b e  r e p e a t e d  h e r e .  Well l i f e  i n c r e a s e  

* A . R .  Troiano  and R.F. Heheman, "Es t imat ing  T e c h n i c a l  Performance 
Impacts  of Geothermal R&D p r o j e c t s " ,  e n c l o s u r e  of l e t te r  t o  M r .  John  
Walker of DGE d a t e d  J u n e  7 ,  1978. 
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due t o  25-30% c a s i n g  l i f e  i n c r e a s e  can b e  e s t i m a t e d  by u s i n g  Table  1 

of 9.5.1. The r e s u l t s  are shown below. 

PESSIMISTIC OPTIMISTIC 

N e w  L i f e  F a c t o r  of Casing 1.25 1.30 

Dry steam w e l l  

L i f e  ( y r s )  -%- L i f e  ( y r s )  

15.79 5.3 15.92 6 . 1  

F l a s h  steam w e l l  ( low s a l i n i t y )  15.52 3.4 15.60 4.0 
( h i g h  s a l i n i t y )  7.62 1.6 7.64 1 . 8  

Binary w e l l  ( low s a l i n i t y )  15.65 4.3 15.76 5.1 
( h i g h  s a l i n i t y )  15.52 3.4 15.60 4.0 

13.5.2 Well Cost 

I n  t h i s  case, w e l l  c o s t  i s  a f f e c t e d  by two f a c t o r s :  d r i l l  p i p e  

c o s t  and c a s i n g  c o s t .  

The l i f e  of d r i l l  p i p e s  h a s  been assumed t o  b e  i n c r e a s e d  by 

25-30%. I f  d r i l l  p i p e s  are used u n t i l  f a i l u r e ,  t h e  number of p i p e s  

used f o r  d r i l l i n g  would b e  reduced by a f a c t o r  of 1/1.25 = 0.80 t o  

1/1.30 = 0.769. S i n c e  d r i l l  pipe cost is proportional to t h e  number 

of p i p e s  used ,  t h e  above f a c t o r s  a l s o  r e p r e s e n t  c o s t  r e d u c t i o n .  Now 

because  t h e  new s t e e l  c o s t s  4% more, t h e  a c t u a l  d r i l l  p i p e  c o s t  

becomes 0.80 x 1.04 = 0.832 t o  0.769 x 1.04 = 0.800 of t h e  o r i g i n a l  

c o s t .  A c o s t  r e d u c t i o n  from 1 - 0,832 = 16.8% t o  1 - 0.800 = 20.0% 

r e s u l t s .  

The c o s t  of d r i l l  p i p e  c o n s t i t u t e  about  1.2%, and c a s i n g  c o s t  
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about  8.8% of t h e  t o t a l  w e l l  cos t* .  Hence t h e  impacts  on t h e  w e l l  

c o s t  of t h e  new materials are: 

Due t o  d r i l l  p i p e  cost change: -0.20% t o  -0.24% 
Due t o  c a s i n g  c o s t  change (0 .04  x 8.8%) 0.35% t o  0.35% 

N e t  Change 0.15% t o  0.11% 

1 3 . 5 . 3  Summary 

The above changes are  expressed  i n  terms of t h e  b e n e f i t  model 

i n p u t  parameters  as f o l l o w s :  

PESSIMISTIC OPTIMISTIC 

Steam F l a s h  Binary Steam F l a s h  Binary  -~ ~~ 

% Change i n  C o s t  p e r  
p r o d u c t i o n  w e l l  0 .2  0 . 2  0 . 2  0 .1  0.1 0.1 

% Change i n  Cost p e r  
i n j e c t i o n  w e l l  0 . 2  0 . 2  0 . 2  0.1 0 . 1  0.1 

% Change i n  L i f e  Span of 
p r o d u c t i o n  w e l l  
( low s a l i n i t y )  5 . 3  3 . 4  4 . 3  6.1  4 . 0  5 .1  

% Change i n  L i f e  Span of 
p r o d u c t i o n  w e l l  
( h i g h  s a l i n i t y )  5.3 16.  3.4  6.1 1 . 8  4 . 0  

Note: E f f e c t s  on l i f e  span  of i n j e c t i o n  w e l l s  a re  assumed t o  be 
n e g l i g i b l e .  

13.6 Degree of Success  

From c o n v e r s a t i o n  w i t h  t h e  p r o j e c t  manager, i t  i s  unders tood  

t h a t  t h e  new s tee ls  can b e  developed w i t h  r e a s o n a b l e  conf idence  and 

* D . J .  Ent ingh and A. Lopez, "WELCST, Engineer ing  Cost Model of 
3 e s c r i p t i o n  and Users Guide", T!IIRE/Ffetrek Geothermal Vells: 

Report  M-78-86, December 1978. 

A-12 E 



t h e  market f o r  them is  l a r g e .  

t o  b e  0.8. 

Hence t h e  d e g r e e  of s u c c e s s  i s  t a k e n  

OPTIMISTIC 

PESSIMISTIC 

13.7 R e s u l t s  

FIGURE OF MERIT 

FY78 TO HISTORICAL 
COMPLETION PLANNED + SUNK 

BENEFIT 
($106) 

1978 DOLLARS 

37.6 55.0 29.1 

26.5 38.8 21.1 
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14.0 SUBELEMENT 3-2-G: 

PITTING AND LOCALIZED CORROSION RESISTANT ALLOYS 

A - 1 3 1  





BENEFITICOST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3-2-G CONTRACT NUMBER(S) co20016 

Preliminary 
Study 

Pitting and Localized Corrosion Resistant Alloys  

J J 

Basic Exploratory Advanced Engineering Demonstration & 
Research Deve1opmen.t Development Development Commercialization 

CONTRACTOR(S) Brookhaven National Laboratory 

F.Y. 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

~ 

RELATED PROJECTS 

3-2-17 Pitting Resistant A:Lloys Development and Management 

To78 78 79 80 81 82 83 84 85 >85 TOTAL 

0 0 

0 150 150 

200 200 400 

0 0  1!50 200 200 550 

I I EXPECTED YEAR OF COMMERCIALIZATION 1982 
~~ 

EXPECTED DEGREE OF SUCCESS 0.1 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

0 PTI M ISTIC 119.3 

PESSIMISTIC 86.4 

FIGURE OF MERIT 
(WIOSUNKCOSTS) 

OPTIMISTIC 26.5 

PESSIMISTIC 19.2 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

OPTIMISTIC 26.5 

PESSIMISTIC 19.2 

SEE ATTACHED PAGES FOR RATIONALE 
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1 4 . 1  P r o j e c t  i n  Subelement 

PROJECT 
'ODE 

3-2-17 

$78 

P r o j e c t  Code P r o j  ec t T i t l e  

COST ( $ 1 0 0 0 )  BY FISCAL YEAR 

77 TOTAL 7 8  79 8 0  81  82 83 78+ TOTAL 77 

0 0 0  0 150 200" 290* 550 550 

0 0 0  0 136 165 150 451 451 

3-2-17 P i t t i n g  R e s i s t a n t  A l l o y s  Development and 
Management 

3-2-17 -1-2 Impact 
GbAL 

1 4 . 2  O b j e c t i v e  

To develop  p i t t i n g  and l o c a l i z e d  c o r r o s i o n  r e s i s t a n t  materials 

f o r  p i p e s  and p r e s s u r e  vessels. 

1 4 . 3  Cost 

* A d d i t i o n a l  f u n d s  assumed. 

14.4  1 d e n t i f i c a t i o n . o f  Impacted Parameters  

Because of p i t t i n g  and l o c a l i z e d  c o r r o s i o n  t h e  materials r e q u i r e -  

ments f o r  p i p e s  and p r e s s u r e  vessels have been overdes igned .  T h i s  

makes t h e  c o s t s  of t h e s e  components h i g h e r  t h a n  n e c e s s a r y  t o  s a t i s f y  

t h e  s t r e n g t h  requi rements .  I f  p i t t i n g  and l o c a l i z e d  c o r r o s i o n  resis- 

t a n t  materials can b e  developed,  such  o v e r d e s i g n  can b e  s u b s t a n t i a l l y  

reduced and consequent ly  c a p i t a l  c o s t s  of p i p e s  and p r e s s u r e  v e s s e l s  

can b e  reduced.  
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14.5 Impacts on System Parameters  

To c a l c u l a t e  t h e  impacts  on t h e  c a p i t a l  c o s t s  of p i p e s  and 

p r e s s u r e  vessels,  i t  ,is n e c e s s a r y  t o  examine t h e  w a l l  t h i c k n e s s  of 

t h e  components t h a t  i s  r e q u i r e d  t o  s a t i s f y  t h e  s t r e n g t h  requi rement  

and t h e n  t o  compare i t  w i t h  t h e  t h i c k n e s s  r e q u i r e d  f o r  s t r e n g t h  and 

f o r  c o r r o s i o n  a t  c e r t a i n  rates. Thus t h e  a n a l y s i s  is  s i m i l a r  t o  t h e  

one performed f o r  t h e  non-meta l l ic  c o n s t r u c t i o n  materials subelement  

and p r e s e n t e d  i n  s u b s e c t i o n  10.5. L e t  u s  u s e  t h e  r e s u l t s  l i s t e d  i n  

Table  1 of s u b s e c t i o n  10.5 t o  c a l c u l a t e  t h e  impacts  of t h i s  subelement  

here. The calculations are summarized as f o l l o w s :  

For S t r e n g t h  For S t r e n g t h  
Requ i r  eme n t + Cor r o s i o n  

Cost  of p i p e  (Diameter  = 20 i n c h e s )  
materials ( $ / f  t )  125 246 

Cost of p r e s s u r e  vessel  ($ )  : s h e l l  639 1150 
i n n e r  p i p e  100 340 

TOTAL 739 1490 

Saving i f  c o r r o s i o n  a l lowances  are  
n o t  needed ($)  P i p e  0 

p r e s s u r e  vessel  0 
121  
751 

The s a v i n g s  are t h e r e f o r e  121/246 = 49.2% f o r  p i p e l i n e s  and 

751/1490 = 50.4% f o r  p r e s s u r e  vessels.  These s a v i n g s  are a p p l i c a b l e  

when no c o r r o s i o n  a l lowance  is g i v e n  and t h e  material  c o s t  is 

unchanged. They are  a d j u s t e d  as f o l l o w s :  L e t  u s  assume t h a t  10 t o  

15% of t h e  s t r e n g t h  requi rement  t h i c k n e s s  is al lowed f o r  c o r r o s i o n  

f o r  newly developed c o r r o s i o n  r e s i s t a n t  materials which have t h e  

same 06M requi rements  as t h e  c u r r e n t l y  used materials.  L e t  u s  a l s o  
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assume t h a t  t h e  co r ros ion  r e s i s t a n t  materials w i l l  c o s t  5% more than 

e x i s t i n g  materials.  The materials c o s t s  f o r  10% cor ros ion  allowance 

become: 

125 x 1.10 x 1.05 = $144/ f t  f o r  p i p e l i n e s  

739 x 1.10 x 1.05 = $854 f o r  p re s su re  v e s s e l s  

The change i n  materials c o s t s  i s :  

144-246 = -41.5% f o r  p i p e l i n e s  246 

and 

-.- _- - 854-1490 - -  42 e 7% f o r  p re s su re  v e s s e l s  
1490 

Material c o s t  is  only a f r a c t i o n  of t h e  i n s t a l l e d  c o s t .  This  

f r a c t i o n  i s  assumed t o  be  70% f o r  p i p e l i n e s  and 50% f o r  p re s su re  

v e s s e l s .  Thus t h e  above f i g u r e s  become -41.5 x 0.70 = -29.1% and 

-42.7 x 0.5 = -21.3%. These r e s u l t s  and those  f o r  t h e  15% cor ros ion  

allowance c a s e  are t r a n s l a t e d  i n t o  t h e  impacts on t h e  b e n e f i t  model 

i npu t  parameters  as shown i n  Table  1. 

14 .6  Degree of Success 

A s  i n d i c a t e d  i n  Subsec t ion  14.3,  t h e  p r o j e c t  of t h i s  subelement 

w i l l  n o t  s tart  u n t i l  F i s c a l  Year 1979. L i t t l e  in format ion  about t h e  

p r o j e c t  is a v a i l a b l e .  ThereEore i t  is d i f f i c u l t  t o  determine t h e  

degree of success  of t h i s  subelement.  However s i n c e  t h e  p r o j e c t ,  as 

descr ibed  by its o b j e c t i v e ,  i s  r e l a t i v e l y  s t r a i g h t  forward and r e q u i r e s  

l e v e l s  of e f f o r t  and u n c e r t a i n t y  s imi l a r  t o  o t h e r  p r o j e c t s  i n  the  

materials development area, the  degree of success  can be  reasonably 

assumed t o  be  t h e  same as t h a t  of t h e  subelement 3-2-C. There is 
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TABLE 1 

IMPACTS ON THE BENEFIT MODEL INPUT PARAMETER 

BENEFIT MODEL 
INPUT PARAMETER 

C a p i t a l  Cost  of G a t h e r i n g  
System 

C a p i t a l  Cost  of P r o c e s s  
Mechanical (Producer )  

C a p i t a l  Cost  of D i s t r i -  
b u t i o n  System 

C a p i t a l  Cost  of P i p i n g  
and I n s u l a t i o n  

COMPONENTS* 
INCLUDED I N  

INPUT PARAMETER 

P i p i n g  f o r  steam, b r i n e  
o r  b o t h  t o  p l a n t  

Deep w e l l  pumps, p r o c e s s  
pumps , valves , 
s e p a r a t o r s  

P i p i n g  f o r  d i s p o s a l  b r i n e  
from p l a n t  t o  w e l l  

I n - p l a n t  p r o c e s s  p i p i n g  
and i n s u l a t i o n  

COST FRACTION 
OF IMPACTED 

COMPONENTS 

100% f o r  Binary 
30% f o r  F l a s h  

0% f o r  Binary 
40% f o r  F l a s h  

100% f o r  Binary  
100% f o r  F l a s h  

5% f o r  Binary  
0% f o r  F l a s h  

IMPACTS ON INPUT 
PARAMETER 

PESSI- 
FI.1 ST I C  

(%> 

-21.1 
-6.3 

0 
-8.4 

-21.1 
-21.1 

-1.1 
0 

OPTI- 
MISTIC 

(%I  

-29.1 
-8.7 

0 
-11.6 

-29.1 
-29.1 

-1.5 
0 

I 
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an ove r l ap  between t h e  market f o r  t h e  non-metal l ic  c o n s t r u c t i o n  

OPTIMISTIC 

PES S IMISTIC 

materials and t h e  materials developed i n  t h i s  subelement.  Only one 

I 

FIGURE OF MERIT 

FY78 TO HISTORICAL 
COMPLETION PLANNED + SUNK 

BENEFIT 

1978 DOLLARS 
($106) 

119.3 26.5 26.5 

86.4 19 .2  19.2 
- 

type  o r  t h e  o t h e r  can be  app l i ed .  Thus t h e  degree  of success  of t h i s  

subelement can be  taken  as 0.1. 

14.7 Resu l t s  





15.0 SUBELEMENT 3-2-H: 

DYNAMIC COMPONENT MATERIALS 

A - 1 4 1  





BENEFlTlCOST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3-2-H CONTRACT NUMBER(S) c020016 

Prelimtnary 
Study 

TITLE Dynamic Component Materials 

J 
Basic Exploratory Advanced Engineering Demonstration & 

Research Development Development Development Commercialization 

CONTRACTOR(S) Brookhaven National Laboratory 

RELATED PROJECTS 

F.Y. 

I 3-2-18 Materials Testing arid Development Subcontracts - RFP I 

TO78 78 79 80 81 82 83 84 85 >85 TOTAL 

0 0 

0 200 500 250 0 950 

0 

0 200 500 250 0 950 

L I 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

Discounted Total of Planned and Additional: 783 

EXPECTED YEAR OF COMMERCIALIZATION 982 

EXPECTED DEGREE OF SUCCESS 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

~~~~ 

103.7 1 OPTIMISTIC 

39.7 I PESSIMISTIC 

39.7 

15.2 

OPTIMISTIC 

PESSIMISTIC 

FIGURE OF MERIT 
(W/O SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

39.7 I OPTIMISTIC 

15.2 PESSIMISTIC 

SEE ATTACHED PAGES FOR RATIONALE 
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15.1 P r o j e c t s  i n  Subelement 

TOTAL 78 79 

0 0 200 

0 0 1 8 2  

P r o j e c t  Code P r o j e c t  T i t l e  

80 81 

500 250 

413 188 

3-2-18 Materials T e s t i n g  and Development S u b c o n t r a c t s  - 
RFP 

I 

82 83 78-t 

0 950 

0 783 

15.2 O b j e c t i v e  

To develop  h i g h  tempera ture  (350-400°C), f r a c t u r e  toughness ,  and 

TOTAL 

950 

783 
- 

f a t i g u e  r e s i s t a n t  materials f o r  dynamic p a r t s  i n  pumps and b o r e h o l e  

technology.  

15.3 Cos ts  

PROJECT 

3-2-18 

r 
I COST ($1000) BY FISCAL YEAR 

PRIOR 
7 7  

0 

0 

- 
7 7  
- 

0 

0 
- 

15.4  I d e n t i f i c a t i o n  of Impacted Parameters  

The components concerned h e r e  are b e a r i n g s  and metal seals which 

are s m a l l  and c o s t  l i t t l e  compared w i t h  equipment c o s t s .  Thus t h e  

impacts  on equipment o r  p l a n t  component c o s t s  can b e  assumed t o  b e  

n e g l i g i b l e .  I t  is  expec ted ,  however, t h a t  t h e  revenue l o s s e s  due t o  

b e a r i n g  and metal seal  f a i l u r e s  i n  d r i l l i n g  o p e r a t i o n s  are subs tan-  

t i a l .  P a r t  of t h e s e  l o s s e s  can b e  saved i f  f r a c t u r e  toughness  and 
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f a t i g u e  r e s i s t a n t  materials can  b e  developed.  Thus t h e  major  impacted 

parameter  i s  t h e  d r i l l i n g  c o s t .  The p r o j e c t  r e s u l t s  can a l s o  save 

some O&M c o s t  f o r  pumps e s p e c i a l l y  downhole pump and a l l o w  new equip- 

ment such as downhole motor f o r  d r i l l i n g  t o  b e  used .  

15.5 Impacts on System Parameters  

15.5.1 Metallic Composite S e a l s  f o r  D r i l l  B i t s  

Following arguments and a n a l y s e s  i d e n t i c a l  t o  t h o s e  used f o r  

e l a s t o m e r i c  seals  i n  S e c t i o n  11 of t h i s  Appendix, t h e  e f f e c t s  of h i g h  

tempera ture  composite seals w i l l  b e  t o  ex tend  t h e  tempera ture  range  

of d r i l l i n g  f l u i d  i n  w h i c h  sealed j o u r n a l  b e a r i n g  b i t s  can  b e  u s e d .  

It  is  l i k e l y  however, t h a t  composi te  seals w i l l  have t o  b e  p h y s i c a l l y  

l a r g e r  t h a n  e x i s t i n g  seals ,  and t h u s  b i t s  w i l l  have t o  b e  redes igned  

t o  i n c o r p o r a t e  them. B i t  r e d e s i g n  and t h e  c o s t  of t h e  seal  i s  

expec ted  t o  ra ise  t h e  p r i c e  of t h e  b i t s  by 30% above p r i c e s  f o r  

s imi l a r  t y p e s .  

Given t h i s  c o s t  premium, he te rogeneous  seal  b i t s  d e l i v e r  no 

b e n e f i t  i f  a l l  t h e  w e l l s  i n  t h e  development s c e n a r i o  are d r i l l e d  w i t h  

mud. I f  t h e  lower 30% of t h e  w e l l s  are d r i l l e d  i n  a i r  w i t h  t h e  new 

seal tempera ture  l i m i t s  (4OO0C), t h e  he te rogeneous  seal  w i l l  d e l i v e r  

a c c o r d i n g  t o  t h e  WELCST model a b e n e f i t  ranging  from 1% t o  3.3% of 

t h e  average  w e l l  c o s t ,  o r  about  $ 8 . 4  x 10 ( p e s s i m i s t i c )  o r  $27.9 

x lo6 ( o p t i m i s t i c )  as r e s u l t e d  from t h e  b e n e f i t  model. 

15.5.2 Improved Bear ing  Materials f o r  B i t s  

The improved h a r d n e s s  and f r a c t u r e  toughness  of b i t  b e a r i n g  

6 
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materials can b e  t r a n s l a t e d  i n t o  h i g h e r  weight  s u p p o r t i n g  a b i l i t y  

and l o n g e r  l i f e  f o r  t h e  b e a r i n g s .  

p e n e t r a t i o n  and b i t  l i f e  are i n c r e a s e d .  L e t  u s  assume t h a t  t h e  u s e  

of t h e  newly developed b e a r i n g  materials i n c r e a s e  b i t  c o s t  by 20%, 

ra te  of p e n e t r a t i o n  by 5- lo%, and b i t  l i f e  by 5-10%. These i n c r e a s e s  

y i e l d  through t h e  u s e  of t h e  llJELCST and b e n e f i t  models a b e n e f i t  

from $18.3 x 10 6 ( p e s s i m i s t i c )  t o  $28.9 x 10 6 ( o p t i m i s t i c ) .  

Consequent ly  t h e  d r i l l i n g  ra te  of 

15.5.3 Downhole D r i l l i n g  Motors 

Downhole motors  are now used f o r  some d i r e c t i o n a l  d r i l l i n g ,  and 

could b e  used f o r  s t r a i g h t  h o l e  d r i l l i n g .  

d i r e c t i o n a l  d r i l l i n g  now r u n  between $5K t o  $15K p e r  w e l l .  The 

motors  have t o  be s e r v i c e d  f r e q u e n t l y  on s i t e  because  of b e a r i n g  

f a i l u r e s .  Bear ing  and motor r e d e s i g n  could  c u t  t h e  t o t a l  c o s t  i n  

h a l f ,  s a v i n g ,  f o r  a n  $800K w e l l ,  between 0.3% and 0.9% of t h e  w e l l  

c o s t .  I f  one t h i r d  of t h i s  s a v i n g s  i s  a t t r i b u t e d  t o  improved selec- 

t i o n  of materials, t h e  n e t  b e n e f i t  is  approximate ly  $6.8 x 10 6 

( p e s s i m i s t i c )  and $20.3 x 106 ( o p t i m i s t i c ) .  

Downhole motor c o s t s  f o r  

Estimates of b e n e f i t s  from u s e  of downhole motors  f o r  s t r a i g h t -  

h o l e  d r i l l i n g  i s  more p r o b l e m a t i c ,  because  c u r r e n t  motors  are q u i t e  

uneconomic f o r  t h i s  u s e  i n  U.S. geothermal  w e l l s ,  and may c o n t i n u e  

t o  b e  s o  f o r  some t i m e .  The main advantages  f o r  downhole motors  i n  

t h i s  u s e  would b e  i n  t h e  e l i m i n a t i o n  of d o g l e g s  and i n  i n c r e a s e d  

r a t e  of p e n e t r a t i o n  due t o  h i g h e r  b i t  r o t a t i o n a l  s p e e d s .  A t  t h e  

r e p o r t e d  f requency  of d o g l e g s ,  t h e i r  e l i m i n a t i o n  would save on t h e  
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o r d e r  of $1500 p e r  w e l l .  This  t r a n s l a t e s  t o  a n e t  b e n e f i t  of less 

t h a n  h a l f  a m i l l i o n  d o l l a r s  a c r o s s  t h e  developmental  s c e n a r i o ,  and 

s o  i s  n o t  cons idered  f u r t h e r  h e r e .  I f  downhole motor c o s t s  are 

$2000/day, compared t o  $5000/day f o r  r i g  r e n t ,  rates of p e n e t r a t i o n  

g i v e n  t h e  motor would have t o  b e  40% above c u r r e n t  rates f o r  t h e  

d r i l l e r  t o  b r e a k  even u s i n g  t h e  motor.  Such i n c r e a s e d  p e n e t r a t i o n  

rates seem u n l i k e l y  i n  t h e  n e a r  o r  i n t e r m e d i a t e  term. T h e r e f o r e ,  

no b e n e f i t  is  p o s t u l a t e d  from t h i s  u s e .  

15.5.4 O&M Cost  of Downhole Pumps 

S u r f a c e  p r o c e s s  pumps are assumed t o  b e  u n a f f e c t e d  by t h i s  

subelement  because p r o c e s s  pumps which are i n  c o n t a c t  w i t h  geothermal  

b r i n e  and o p e r a t i n g  i n  t h e  range  350 - 4OO0C are  u n l i k e l y  i n  t h e  

p l a n t .  The O&M cost of downhole pumps mainly i n c l u d e s  service c o s t s  

caused by c o r r o s i o n ,  e r o s i o n ,  and s c a l i n g  problems. The service 

c o s t s  of p a r t s  such  as b e a r i n g s  o r  m e t a l  seals  are  expec ted  t o  b e  

s m a l l .  It i s  assumed t h a t  t h i s  c o s t  is about  2 t o  5% of t h e  t o t a l  

pump O&M c o s t .  

b e n e f i t  from t h i s  f a c t o r  is  $11.4  x 10 ( p e s s i m i s t i c )  and $28.5 x 

106 ( o p t i m i s t i c ) .  

When e v a l u a t e d  u s i n g  t h e  b e n e f i t  model, t h e  n e t  

6 

15.5.4 Summary of  Impacts  

The combined impacts  i d e n t i f i e d  above are:  

Impacts  of Dynamic 
Component Materials On: 

1. D r i l l  b i t  sea ls  
2.  D r i l l  b i t  b e a r i n g s  
3. Downhole D r i l l i n g  Motors 
4. Downhole Pump O&M 

(TOTAL) 
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B e n e f i t  ( $  M i l l i o n s ,  1978) 
P e s s i m i s t i c  O p t i m i s t i c  

8 . 5  27.9 
6.8 20.3 

13.0 27 .O 
11 .4  
39.7 

28.5 
103.7 



15.6 Degree of Success  -_ 

T h i s  subelement w i l l  n o t  s tart  u n t i l  F i s c a l  y e a r  1979 and,  l i k e  

o t h e r  subelements  i n  materials development,  h a s  some u n c e r t a i n t y  i n  

t h e  expec ted  d e g r e e  of s u c c e s s .  I n  a d d i t i o n ,  s i n c e  t h e  tempera ture  

range  of 350-400°C does n o t  e x i s t  i n  a l l  t h e  s i t e s ,  t h e  market s h a r e  

of t h e  subelement  r e s u l t s  i s  n o t  100%. It i s  e x p e c t e d ,  t h e r e f o r e ,  

t h a t  t h e  d e g r e e  of s u c c e s s  of t h i s  subelement is  t h e  same as t h a t  

of t h e  e l a s t o m e r i c  sea l  subelement ,  which i s  0.3. 

15.7 R e s u l t s  

f 

OPTIMIST I C  

PESSIMIST I C  

FIGURE OF MERIT 
BENEFIT r 

($106) FY78 TO HISTORICAL 
1978 DOLLARS COMPLETION PLANNED + SUNK 

103.7 39.7 39.7 

39.7 1 5 . 2  15 .2  
- 

It should  b e  noted  t h a t  t h e  economic b e n e f i t s  expected from 

t h i s  R&D subelement o v e r l a p  e n t i r e l y  w i t h  b e n e f i t s  p o s t u l a t e d  from 

c e r t a i n  subelements  of t h e  Geothermal D r i l l i n g  Technology Program 

(Volume I1 of t h i s  r e p o r t ) .  No e x p l i c i t  c o n n e c t i o n  h a s  been made 

f o r  t h e s e  o v e r l a p s .  
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16.0 SUBELEMENT 3-2-1: 

GEOPRESSURED ROT ISOSTATIC PRESSED 
CLAD (HIP)  MATERIALS DEVELOPMENT 
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BENEFITICOST RATIONALE AND RESULTS 

I 

Preliminary Basic Exploratory 
Study Research Development 

I SUBELEMENT NUMBER 3-2-1 CONTRACT NU M BER(S) co2 O0 

J 

Advanced Engineering Demonstration & 
Development Development Commercialization 

TITLE Geopressured HIP Materials 

CONTRACTOR(S) Brookhaven National Laboratory 

I RELATED PROJECTS 

3-2-19 Geopressured HIP Materials Development, Commercialization 
and Subcontracts. 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

I Discounted Total of Planned and Additional: 2330 I 

1984 -1 I EXPECTED YEAR OF COMMERCIALIZATION 
~~ 

EXPECTED DEGREE OF SUCCESS 0.5 

OPTIMISTIC 605.0 

PESSIMISTIC 142.0 

OPTIMISTIC 129.8 

PESSIMISTIC 30.5 

OPTIMISTIC 129.8 

PESSIMISTIC 30.5 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

SEE ATTACHED PAGES FOR RATIONALE 
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16.1  P r o j e c t  i n  Subelement 

PROJECT 
CODE 

3-2-19 

$78 

Pro j ec  t Code P r o j e c t  T i t l e  

COST ($1000) BY FISCAL YEAR 

78 79 80 81 82  83 TOTAL PRIOR 77  TOTAL 77 7 8-t 

0 0 0 0 0 300 250 500 2500 3550 3550 

0 0  0 0 0 248 188 342 1552 2330 2330 

3-2-19 Geopressured Hot I s o s t a t i c  Pressed (HIP) 
Materials Development, Commercialization 
and Sub c o n t r a c t s  

3-2-19 + Impact 
GOAL 

16 .2  Ob jec t ive  

To develop low c o s t ,  c l ad  (hot  i s o s t a t i c  p re s sed ) ,  co r ros ion  and 

e ros ion  res is tant  cas ing  materials f o r ,  p r imar i ly ,  geopressured 

a p p l i c a t i o n s .  

16 .3  Costs 

16 .4  I d e n t i f i c a t i o n  of Impacted Parameters 

The subelement o b j e c t i v e  i s  t o  develop materials s u i t a b l e  f o r  

w e l l  c a s ing  t o  wi ths tand  t h e  e r r o s i o n  and co r ros ion  n a t u r e s  of geo- 

pressured  f l u i d  as i t  f lows up a geopressured w e l l .  Hence, t h e  

impacted parameters are w e l l  c a p i t a l  c o s t  and w e l l  O&M c o s t .  

1 6 . 5  Impacts on System Parameters  

The impacts of t h i s  subelement are i n  l i n e  wi th  t h e  development 

of geopressured r e sources .  Therefore  a n a l y s i s  f o r  them can only be  
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performed through a geopressured  r e s o u r c e s  development s c e n a r i o  which, 

u n f o r t u n a t e l y ,  does n o t  e x i s t  a t  t h i s  s t a g e .  However, i n  a r e c e n t  

p u b l i c a t i o n , *  Robert  A .  Hefner ,  I11 of G.H.K. Cos. i n  Oklahoma C i t y  

sugges ted  t h a t  t o t a l  U.S. geopressured  methane p r o d u c t i o n  could  

r e a c h  8x1Ol2 s t a n d a r d  c u b i c  f e e t  by t h e  y e a r  2000. I f  t h i s  f i g u r e  

i s  used h e r e ,  t h e  t o t a l  number of w e l l s  d r i l l e d  by t h e  y e a r  2000 can 

b e  c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  d a t a :  

T o t a l  p roduct ion:  8x1Ol2 s c f  

C o n c e n t r a t i o n  of CH 40 t o  50 s f c / b b l  water**, u s e  45 s c f / b b l  

P r o d u c t i o n  r a t e  p e r  w e l l :  20,000 - 40,000 bbl/day**, u s e  

4: 

30,000 b b l / d a y  

To m e e t  t h e  y e a r  2000 t a r g e t ,  t h e  p r o d u c t i o n  must be:  

12 
= 16235 Well-years  8x10 

30000x365~45 

The d a t e  of s t a r t i n g  p r o d u c t i o n  can  b e  any y e a r  a f t e r  1985, and 

t h e  number of w e l l s  d r i l l e d  i s  u s u a l l y  i n c r e a s e d  w i t h  t i m e  a f t e r  1985. 

A s  a rough estimate, l e t  u s  assume t h a t  t h e  t o t a l  number of p r o d u c t i o n  

w e l l s  can b e  c a l c u l a t e d  based on t h e  middle  y e a r  between 1985 and 

2000, i . e .  1993 which h a s  a p r o d u c t i o n  p e r i o d  of 2000-1993 = 7 y e a r s .  

Hence t h e  t o t a l  w e l l  number is: 

- -  16235 - 2319 w e l l s  
7 

The p r e s e n t  c o s t  p e r  w e l l  is  $3.5M - 15M* and is  assumed h e r e  t o  b e  

(*) : "The New Gas Bonanza", Newsweek, October  30 ,  1978. 

(**): D . G .  Debout e t  a l . ,  "Geopressured Geothermal Fairway E v a l u a t i o n  
and Test-Well S i t e  L o c a t i o n  F r i o  Formation,  Texas Gulf Coast",  
Report  OR0/4891-4, Department of Energy, January  1978. 
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$4M. 

as fo l lows:  

The t o t a l  O&M c o s t  is c a l c u l a t e d  based on some assumed f i g u r e s  

S e l l i n g  price:  $2.10/1000 s c f *  

Rate of r e t u r n  on investment:  20% 

Addi t iona l  equipment cos t  f o r  gas  process ing  - $0.5M/well. 

T o t a l  revenue r e t u r n  = $2.1  x 8 x l o 9  = $ 1 6 . 8 0 ~ 1 0  9 

T o t a l  w e l l  c o s t  = $(4 + 0.5)xlO 6 x 2319 = $10 .435~10  9 

Return = $10.435 x 10 9 x 0.20 = $2.087 x 10 9 

T o t a l  O&M c o s t  = 16.80 - 10.435 - 2.087 = $4.278 x 10  9 

The b e n e f i t  of u s ing  t h e  HIP cas ing  which is t h e  r e s u l t  of 

t h i s  subelement can be  c a l c u l a t e d  by  assuming t h a t :  

Well ca s ing  c o s t  i nc rease :  20 - 40% 

Casing c o s t / w e l l  c o s t :  0.10 

Hence, w e l l  c o s t  i n c r e a s e  = 2 - 4% 

9 T o t a l  w e l l  c o s t  (10 )=$10.435x(1.02 t o  1.04)=$10.644 t o  10.852 

Return a t  20% = 2.129 t o  2.170 

Reduction i n  O&M c o s t :  15 - 20% 

T o t a l  O&M c o s t ( l 0  )=$4.278x(0.80 t o  0.85) = 3.422 3.636 

TOTAL(109)=$16. 195 16.658 

9 

Thus t h e  r e s u l t e d  sav ing  is somewhere between $(16.80 - 16.658) 

x lo9  = $142 x 10  6 and $(16.80 - 16.195) x lo9  = $605 x 10 6 . 
Since  a l l  t h e  c o s t  f i g u r e s  are expressed i n  1978 d o l l a r s ,  t h e s e  

*"The New Gas Bonanza", Newsweek, October 30, 1978. 
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b e n e f i t s  do n o t  r e q u i r e  d i s c o u n t i n g .  

The w e l l  c a s i n g  c o s t  i n c r e a s e  assumed h e r e  i s  mainly due t o  

t h e  a d d i t i o n a l  material f a b r i c a t i o n  c o s t .  The c l a d i n g  of h i g h  

toughness  materials on t o  s tee l  h a s  been done f o r  s h o r t  s e c t i o n s  

of p i p e  w i t h  some c o s t  i n c r e a s e .  S i n c e  t h e r e  h a s  been no informa- 

t i o n  a v a i l a b l e  on t h e  c l a d i n g  p r o c e s s  of l o n g  s e c t i o n s  of p i p e ,  

i t  is  r a t h e r  d i f f i c u l t  t o  j u s t i f y  f o r  t h e  assumed v a l u e s  of 20 - 

40% used i n  t h e  above c a l c u l a t i o n .  T h e r e f o r e  t h e  r e s u l t s  of  t h e  

c a l c u l a t i o n  might  b e  s p e c u l a t i v e .  

The r e d u c t i o n  of 15 - 20% i n  the O&M c o s t  might b e  low be- 

c a u s e  e r r o s i o n  problems i n  geopressured  w e l l s  are expec ted  t o  

b e  severe and t h e r e f o r e  t h e  impacts  t h a t  are e r o s i o n  r e s i s t a n t  

c a s i n g  have on t h e  o p e r a t i n g  and maintenance of t h e  w e l l s  are 

expec ted  t o  b e  h i g h .  However, a g a i n ,  i t  is d i f f i c u l t  t o  j u s t i f y  

t h e  assumed f i g u r e s  a t  t h i s  s t a g e .  

16.6 Degree of Success  

The h o t  i s o s t a t i c  p r e s s  technology is  c u r r e n t l y  a v a i l a b l e  f o r  

c l a d i n g  small  s e c t i o n s  of p i p e .  The s u c c e s s  of t r a n s f e r r i n g  t h i s  

technology t o  c l a d i n g  long  s e c t i o n s  of p i p e  h a s  some d e g r e e  of 

u n c e r t a i n t y ,  however. Thence t h e  d e g r e e  of s u c c e s s  of t h i s  sub- 

e lement ,  c o n s i d e r i n g  t h e  f a c t  t h a t  t h e  p r o j e c t  w i l l  n o t  s tart  

u n t i l  1980, can only  b e  assumed t o  b e  0 .5  a t  t h i s  s t a g e .  
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16.7  R e s u l t s  

OPTIMISTIC 

PESSIMISTIC 

FIGURE OF MERIT BENEFIT - 
($106) FY78 TO HISTORICAL 

1 9  7 8 DOLLi4RS COMPLETION PLANNED -!- SUNK 

605 129 .8  129 .8  

142  30.5 30.5 
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17.0 SUBELEMENT 3-3-A: 

SAMPLING AND ANALYSIS  MANUAL 



r 



BENEFlTlCOST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3- 3 4  CONTRACT NUMBER(S) 4511830 

Preliminary 
Study 

~ ~ ~~ 

T ~ T ~ E  Sampling and Analysis Manual 

J 
Basic Exploratory Advanced Engineering Demonstration & 

Research Development Development Development Commercialization 

~~ 

CONTRACTOR(S) Pacific Northwest Laboratory 

RELATED PROJECTS 3-3-01 Sampling and Analysis Techniques 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

Discounted Total of Planned and Addttional: 670 

EXPECTED YEAR OF COMMERCIALIZATION 1980 

EXPECTED DEGREE OF SUCCESS 0.5 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

I OPTIMISTIC 41.5 

I PESSIMISTIC 27.4 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

I OPTIMISTIC 31  .O 

I PESSIMISTIC 20.5 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

17.8 I I OPTIMISTIC 

I PESSIMISTIC 11.8 I 
SEE ATTACHED PAGES FOR RATIONALE 
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17.1 P r o j e c t  I n  Subelement 

P r o j e c t  Code P r o j e c t  T i t l e  

3-3-01 Sampling and A n a l y s i s  Techniques 

PROJECT 
CODE 

3-3-0 1 

$78 

17.2 Goal 

COST ($1000) BY FISCAL YEAR 

TOTAL 78 79 80 81 82 8 3  78+ PRIOR 77 TOTAL 77 

100 340 440 235 175 175 175 0 7 60 1200 

121 374 495 235 159 145 131 0 670 1165 
- 

A manual on sampling and a n a l y s i s  t e c h n i q u e s  t h a t  are  used f o r  

chemical  a n a l y s i s  of geothermal  f l u i d s  w i t h  a c c u r a c y ,  r e l i a b i l i t y  

and i n t e r c o m p a r a b i l i t y  of r e p o r t e d  r e s u l t s .  

17.3 C o s t s  

17.4 I d e n t i f i c a t i o n  of Impacted Parameters  

To i d e n t i f y  parameters  which w i l l  b e  impacted by t h i s  subelement  

l e t  us c o n s i d e r  a l a b o r a t o r y  who g e t s  t h e  assignment  t o  sample and 

a n a l y z e  geothermal  f l u i d s .  This  l a b o r a t o r y  would probably  b e g i n  w i t h  

a l i t e r a t u r e  s e a r c h  t o  d e t e r m i n e  which methods are  p r e s e n t l y  used f o r  

sampling and a n a l y s i s .  

mentioned and d i s c u s s e d  i n  v a r i o u s  a r t i c l e s  c o n t a i n e d  i n  t h e  l i t e r a -  

t u r e  and would b e  a c c e s s i b l e .  However, methods t h a t  are u n i q u e  t o  a 

Some sampling methods p r e s e n t l y  used are 
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given s i t u a t i o n  and sometimes divulged only by con tac t ing  t h e  appro- 

p r i a t e  geothermal developer  would n o t  be e a s i l y  accessed.  

methods used are u s u a l l y  adopted from publ ished methods f o r  water, 

waste water, sea water, o r  o i l  f i e l d  ana lyses .  However mod i f i ca t ions  

of t h e s e  methods f o r  p a r t i c u l a r  geothermal f l u i d  samples are g e n e r a l l y  

n o t  e a s i l y  a v a i l a b l e  u n l e s s  con tac t  i s  made wi th  an l abora to ry  

experienced i n  ana lyz ing  geothermal f l u i d  samples. 

Analysis  

Af t e r  t h e  l abora to ry  has  made t h e  necessary l i t e r a t u r e  s e a r c h ,  

t he  next  s t e p  would probably be  t o  e v a l u a t e  t h e  a v a i l a b l e  methods f o r  

s u i t a b i l i t y .  I f  some of t h e s e  methods are  s e l e c t e d  f o r  use ,  i t  is  

necessary  t o  e v a l u a t e  t h e  r epor t ed  r e s u l t s  and determine i f  t h e  

methods were done, as r epor t ed ,  c o r r e c t l y  wi th  no g ross  e r r o r s .  Th i s  

is important  i n  determining i f  t h e  r e s u l t s  when t h e  methods are used 

i n  a c e r t a i n  s i t e  would l ead  t o  power p l a n t  des ign  o r  p l a n t  l i f e  

e r r o r s .  For example, a sav ing  of $ 2 M  f o r  vacuum pumps by Republic 

Geothermal f o r  a 36 MWe p l a n t  is  dependent on ob ta in ing  r e l i a b l e  

r e s u l t s  from CO2 sampling and a n a l y s i s  data*.  I f  t h e  above sequence 

of events  were t o  occur  i t  could e a s i l y  t ake  t h e  inexperienced labo- 

r a t o r y  s e v e r a l  manmonths of e f f o r t  t o  proper ly  t ake  and ana lyze  a 

s i n g l e  geothermal f l u i d  sample. 

Thus, i t  can be seen  t h a t  t h e  manual of sampling and a n a l y s i s  

methods f o r  geothermal f l u i d s  ( inc lud ing  gases)  produced from t h i s  

subelement w i l l  a l low inexperienced and experienced l a b o r a t o r i e s  t o  

* The f i g u r e s  are repor t ed  i n  a l e t t e r  w r i t t e n  t o  M r .  John Walker of 
DGE by M r .  E.M. Woodruff of Bat te l le  P a c i f i c  Northwest Labora to r i e s  
d a t d  June 20,  1 9 7 8 .  

A-166 



q u i c k l y  r e f e r e n c e  t h e  c u r r e n t  technology of sampling and a n a l y s i s  

methods. I n  a d d i t i o n ,  a v a i l a b l e  procedures  w i l l  b e  r e f e r e n c e d  t o  

a c t u a l  f i e l d  t e s t s  and w i l l  i n c l u d e  comments ,and ranges  of a p p l i c a -  

b i l i t y .  The impacted parameters  is  t h e r e f o r e  t h e  p r e - c o n s t r u c t i o n  

e n g i n e e r i n g  c o s t .  

17.5 Impacts  on System Parameters  

The impacts  on t h e  pre-c:onstruct ion e n g i n e e r i n g  c o s t  can b e  

q u a n t i f i e d  by comparing t h e  c o s t s  of sampling and a n a l y s i s  between 

c u r r e n t  p r a c t i c e  w i t h o u t  t h e  manual and t h e  p r a c t i c e  w i t h  t h e  manual. 

17.5.1 Curren t  P r a c t i c e  Without t h e  Manual - 

The c o s t  of sampling and a n a l y s i s  is  est i .mated by t h e  c o n t r a c t o r  

as f o l l o w s :  

( i )  L i t e r a t u r e  s e a r c h :  3 manmonths, c o s t :  $5K x 3 = $15K 
The R&D c o n t r a c t o r ' s  e f f o r t s  t o  s e a r c h  and a n a l y z e  t h e  
l i t e r a t u r e  of sampling and a n a l y s i s  methods consumed 
one man y e a r  c o s t i n g  $50K, s o  $15K i s  a c o n s e r v a t i v e l y  
low estimate of t h e s e  c o s t s .  

( i i )  Sampling and a n a l y s i s  t i m e :  2 manmonths, c o s t :  $10K 
Round r o b i n  t e s t i n g  of geothermal  b r i n e  and d i s s o l v e d  
g a s  samples d u r i n g  FY1977 i n d i c a t e d  t h a t  t h i s  amount 
of t i m e  was n e c e s s a r y  t o  a n a l y z e  f o r  40 parameters .  
To c h a r a c t e r i z e  geothermal  samples ,  by consensus of 
approximate ly  20 exper ienced  l a b o r a t o r i e s ,  r e q u i r e d  
2 manmonths. 

( i i i )  Recheck f o r  sampling and/or  a n a l y s i s  e r r o r s  : 1 
manmonth, c o s t :  $5K 
This  is  probably a c o n s e r v a t i v e l y  low estimate 
depending on t h e  complexi ty  of  t h e  sampling and 
a n a l y s e s .  

Thus a t o t a l  of $30K is r e q u i r e d  t o  p r o v i d e  a d e q u a t e  d e s i g n  

i n f o r m a t i o n  from t h e  first wel.1. For  subsequent  w e l l s  i n  t h e  same 
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s i t e  t h e  same c o s t ,  excluding t h e  c o s t  f o r  l i t e r a t u r e  sea rch ,  incurs .  

17.5.2 P r a c t i c e  wi th  t h e  Manual 

The use  of t h e  sampling and a n a l y s i s  manual would c o s t ,  as 

es t imated  by t h e  c o n t r a c t o r ,  as fo l lows:  

( i )  L i t e r a t u r e  Search:  1 man week, c o s t :  $1.25K 

( i i )  Sampling and Analysis :  1 manmonth, c o s t :  $ 5 K  

( i i i )  Recheck f o r  E r ro r s :  none, s i n c e  r i g h t  procedures  
would be known from t h e  manual. 

The t o t a l  c o s t  becomes $6.25K f o r  t h e  f i r s t  w e l l .  

17 .5 .3  Impacts on Engineer ing Cost 

The saving  i n  c o s t s  are 15 - 1.25 = $13.75K f o r  l i t e r a t u r e  

sea rch  and 15 - 5 = $10K f o r  a n a l y s i s .  L e t  u s  assume ranges f o r  

t hese  sav ings  which are $10K t o  $15K f o r  l i t e r a t u r e  sea rch  and $8K 

t o  $12K f o r  a n a l y s i s .  L e t  us  a l s o  assume some number of w e l l s  r equ i r ed  

f o r  a 50 EIwe p l a n t .  A dry steam 50 We p l a n t  would r e q u i r e ,  accord- 

i ng  t o  exper iences  w i t h  t h e  Geysers ,  about 7 w e l l s * .  A f l a s h  steam 

p l a n t  of t h e  same c a p a c i t y  would r e q u i r e  11 w e l l s *  ( Japan) ,  and a 

b inary  p l a n t  would r e q u i r e  about 10 w e l l s * .  The c o s t  s av ings  due t o  

t h e  use  of t h e  manual f o r  t h e  p e s s i m i s t i c  case  become: 

For dry  steam p l a n t  = 10 + 8 x 7 = $66K 
For f l a s h  steam p l a n t  = 10 + 8 x 11 = $98K 
For b ina ry  p l a n t  = 10 + 8 x 10 = $90K 

* V. Thanh Nguyen and Harpal  S .  Dhi l lon ,  "An Analysis  of t h e  Geother- 
m a l  Energy E x t r a c t i o n  and U t i l i z a t i o n  Technology RD&D Program", 
MITRE/Metrek Report  MTR-7886, The MITRE Corpora t ion ,  June 1978. 
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The t o t a l  p r e - c o n s t r u c t i o n  e n g i n e e r i n g  c o s t  h a s  been es t imated*  

OPTIMISTIC 
PESSIMISTIC 

t o  b e  $1,50OK f o r  dry  steam, $1,99OK f o r  f l a s h  steam, and $3,10OK 

4 1 . 5  31.0 17.8 
27 .4  20.5 11.8 

f o r  b i n a r y  p l a n t s .  Hence t h e  impacts  on t h e  ' b e n e f i t  model i n p u t  

parameters  are  as f o l l o w s .  

PESSIMISTIC OPT IMI STIC 
BENEFIT MODEL 

INPUT PARAMETER S t e a m  F l a s h  B i n a q  Steam F l a s h  Binary  -___- -~ 
% Change i n  C a p i t a l  Cost -4 .4 -4.9 -2.13 -6.6 - 7 . 4  - 4 . 4  
of Engineer ing  and 
A d m i n i s t r a t i o n  (Producer)  

% Change i n  C a p i t a l  Cost -4 .4 -4.9 -2.5) -6 .6 -7 .4 - 4 . 4  
of Engineer ing  and 
A d m i n i s t r a t i o n  ( U t i l i t y )  

17.6 Degree of Success  

T h i s  subelement i s  mainly a compi la t ion  of i n f o r m a t i o n  f o r  s a m p l -  

i n g  and a n a l y s i s  methods. 

i n f o r m a t i o n  h a s  been c o n s i d e r e d  i n  t h e  p e s s i m i s t i c  estimate of impact .  

The p o t e n t i a l  level  of a c c u r a c y  of t h e  

However, because t h e  b e n e f i t s  of t h i s  subelement are  n o t  expec ted  t o  

b e  ga ined  f u l l y  f o r  t h e  second and subsequent  p l a n t s  a t  one s i t e ,  t h e  

a p p l i c a b i l i t y  of t h e  p r o d u c t s  is o n l y  partial. For t h i s  reason, the 

d e g r e e  of s u c c e s s  of t h i s  subelement i s  assumed t o  be 0 .5 .  

1 7 . 7  R e s u l t s  

($106) HISTORICAL 1 1978 DOLLARS COMPLETION PLANNED + SUNK 

* V.  Thanh Nguyen and Harpa l  S .  D h i l l o n ,  "An A n a l y s i s  of t h e  Geother- 
m a l  Energy E x t r a c t i o n  and U t i l i z a t i o n  Technology RD&D Program", 
MTR-7886, The MITRE C o r p o r a t i o n ,  June  1978. 
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18.0 SUBELEMENT 3-3-B: 

PRO C E S !$ INSTRUMENTATION 





BENEFIT/COST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3-3-B CONTRACT NUMBER(S) co12551 Y 451 1830 

TITLE process Ins t r m e n  t a t i on 

CONTRACTOR(S) National Academy of Science, Pacific Northwest Laboratory 

J 
Prelimmary 

Study 

RELATED PROJECTS 3-3-02 Assessment of Geothermal Brine (NAS) 
3-3-03 Geochemical Controls and Instruments Application (PNL) 
3-3-04 Reservoir In-Line Monitor R&D Subcontracts - RFP (PNL) 
3-3-05 Monitor Instrument Field Experiment (PNL) 
3-3-06 Cable Test (unknown) 

Advanced Engineering Demonstration & 
Development Development Commercialization 

Basc  Exploratory 
Research Development 

I F.Y. 

1.  Sunk: 

2. DGE Planned: 

3. Additional: 

85 >85 TOTAL To78 78 79 80 6 i ~ ~  82 1 83 84 

429 429 

729 1140 1000 3169 

0 

429 729 1140 1000 3598 Total: 

CALCULATED BENEFIT 
(DISCOUNTEDTO $ MILLIONS, 1978) 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

OPTIMISTIC 7 9 . 9  

PESSIMISTIC 3 . 5  

OPTIMISTIC 19.9  

PESSIMISTIC 0.9  

OPTIMISTIC 16.9 

PESSIMISTIC 0.7 
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18.1 P r o j e c t s  i n  Subelemenr 

3-3-03 

P r o j e c t  Code 

3-3-02 

3-3-03 

3-3-04 

3-3-05 

3-3-06 

3-3-07 

P r o j  ec t  T i t  l e  

A s  s es smen t of Geothermal B r i n e  

Geochemical C o n t r o l s  and I n s t r u m e n t s  
Ap p li c:a t i on 

R e s e r v o i r  In-Line Monitor R&D S u b c o n t r a c t s  
RFP 

Monitor Ins t rument  Fie:Ld Experiment 

Cable  T e s t s  S u b c o n t r a c t s  

High Temperature Cable  Materials R&D S u b c o n t r a c t s  

3-3-02 7 

A-175 



18.3  Costs  

COST ($1000) BY FISCAL YEAR 
PROJECT 

CODE 

3-3-02 

3-3-03 

3-3-04 

3-3-05 

3-3-06 

3-3-07 

PRIOR 
77 

0 

130 

0 

0 

0 

0 

TOTAL 130 

$78 157 

77 TOTAL 78 

69 69 0 

230 360 195 

0 0 3 3 4  

0 0 0  

0 0 200 

0 0 0  

299 429 729 

329 486 729 

7 9  
- 

200 

200 

550 

0 

190 

L 1 4 0  

1036 
- 

80 

200 

100 

400 

300 - 
1000 

826 
- 

8 1  

300 - 
300 

225 
- 

r 

8 2  83 COTAL 
7 8-+ 

0 

59 5 

634 

950 

200 

790 

3169 

2816 

TOTAL 

69 

955 

634 

950 

200 

790 

3598 

3302 

1 8 . 4  I d e n t i f i c a t i o n  of Impacted Parameters  

The major o b j e c t i v e  of t h i s  subelement i s  t o  c h a r a c t e r i z e  

in s t rumen ta t ion  requirements  and t o  develop e l e c t r i c a l  and e l e c t r o -  

chemical probes and cab le  materials t h a t  can be  used t o  measure t h e  

chemical environment of geothermal b r i n e  and steam under t h e  h igh  

p res su re ,  h igh  temperature  cond i t ions  of a geothermal w e l l  and 

a s s o c i a t e d  p ip ing .  Probes w i l l  be developed t o  measure C02 ,  pH, 

ox ida t ion- reduct ion  p o t e n t i a l ,  conduc t iv i ty ,  c o r r o s i v i t y ,  s u l f i d e  

i o n  concen t r a t ion ,  h e a t  t r a n s p o r t ,  and scale th i ckness .  A r e f e r e n c e  

e l e c t r o d e  w i l l  a l s o  b e  developed because some of t h e  above measure- 

ments r e q u i r e  a s t a b l e  r e f e r e n c e  p o t e n t i a l .  The d a t a  from these  
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d e v i c e s  w i l l  p r o v i d e  i n f o r m a t i o n  f o r  c o n t r o l  of c o r r o s i o n ,  scale 

d e p o s i t i o n ,  and p o l l u t i o n  i n  b o t h  newly eXplOr6-d and e s t a b l i s h e d  

geothermal  f i e l d s  as w e l l  as i n  t h e  a s s o c i a t e d  power g e n e r a t i n g  

equipment.  Thus t h e  r e s u l t s  of t h i s  subelement: w i l l  a l l o w  e f f e c t i v e  

management i n  o p e r a t i n g  and maintenance a c . t i v i t  ies f o r  t h o s e  compo- 

n e n t s  t h a t  are i n  c o n t a c t  w i t h  t h e  b r i n e  and f o r  p o l l u t i o n  abatement .  

I t  i s  noted  t h a t  t h e  subelement w i l l  n o t  p r o v i d e  methods f o r  

c o n t r o l l i n g  c o r r o s i o n  and scale  d e p o s i t i o n .  T h e r e f o r e  i t  w i l l  n o t  

a f f e c t  t h e  d e s i g n  and performance of t h e  p l a n t .  

18.5 Impacts on System Parameters  -- 

A s  i n d i c a t e d  above, on ly  Q&M c o s t s  are a f f e c t e d .  The impacts  

on t h e  O&M c o s t s  t h a t  r e s u l t  from having  a b i l i t y  t o  know ahead of 

t i m e  when c o r r o s i o n  and s c a l i n g  problems become s e r i o u s  are s imi l a r  

t o  t h o s e  impacts  r e s u l t e d  from p r o p e r  knowledge of b r i n e  c h e m i s t r y .  

I n  t h i s  r e s p e c t ,  t h e  estimates p r e s e n t e d  i n  s u b s e c t i o n  2 .5 .1  can b e  

used h e r e .  Impacts  on t h e  O&M c o s t  of p o l l u t i o n  abatement o p e r a t i o n s  

m u s t  b e  on t h e  s a m e  order  of magni tude as t h o s e  e s t i m a t e d  f o r  

c o r r o s i o n  and s c a l i n g .  I n  a d d i t i o n  t o  impacts  on O&M c o s t s ,  i t  i s  

assumed t h a t  i n s t r u m e n t a t i o n  c a p i t a l  c o s t s  are i n c r e a s e d  from 0 t o  

2% f o r  d r y  steam and f l a s h  steam systems and 0 t o  4% f o r  b i n a r y  system. 

The r e s u l t s  are summarized as f o l l o w s :  

BENEFIT MODEL PESSIMISTIC OPTIMISTIC 
Steam F l a s h  Binary Steam F l a s h  Binary  -- - -- INPUT PARAMETER 

% Change i n  c a p i t a l  c o s t  of 2.0 2 .0  1 .0  0 0 0 

% Change i n  Producer  Genera l  0 0 0 0 -5.0 -3.0 
I n s t r u m e n t a t i o n  

O&M Cost F a c t o r  
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BENEFIT MODEL PESSIMISTIC OPTIMISTIC 
Steam F l a s h  Binary Steam F l a s h  Binary  -- -- INPUT PARAMETER 

% Change i n  Producer  O&M 0 0 0 -2.0 -5.0 -3.0 
Cost F a c t o r  (Low S a l i n i t y ) *  

% Change i n  Producer  O&M 0 -3.0 -2.0 -2.0 -9 .0 -6.0 
Cost F a c t o r  (High S a l i n i t y ,  
T <450°F)* 

% Change i n  Producer  O&M 0 -5.0 -3.0 -2.0 -9.0 -6.0 
Cost F a c t o r  (High S a l i n i t y ,  
T >450°F)* 

% Change i n  Producer  Deep N/A -5.0 N / A  N / A  -9 .0 N / A  
Well Pump 06M Cost  F a c t o r  
( F l a s h ,  T <2OO0C) 

% Change i n  Producer  Deep N / A  N / A  0 N / A  N / A  -3.0 
Well Pump O&M C o s t  Factor 
(Binary ,  T <2OO0C) 

% Change i n  U t i l i t y  Genera l  N/A 0 N / A  N / A  -3.0 N / A  
O&M Cost F a c t o r  ( F l a s h  
System) 

% Change i n  U t i l i t y  Genera l  N / A  N/A 0 N / A  N/A -2.0 
O&M Cost F a c t o r  (Binary 
System) 

% Change i n  Producer  Spent  0 -2.0 -3.0 N / A  -5.0 -9 .0 
B r i n e  Treatment  0 & M  Cost  
F a c t o r  

Note: * I n c l u d e s  p i p i n g  system. 

18.6 Degree of Success  

The subelement r e s u l t s  would have wide a p p l i c a t i o n .  However 

t h e r e  i s  some u n c e r t a i n t y  i n  t h e i r  s u c c e s s  r e l a t ive  t o  t h e  subelement  

g o a l .  The a c t i v i t i e s  i n v o l v e  development and t e s t i n g  of equipment,  

t h e r e f o r e  i t  is  p o s s i b l e  t h a t  t h e  equipment would n o t  t u r n  o u t  t o  b e  

as good as expec ted ,  and consequent ly  t h e  d e g r e e  of s u c c e s s  a t  t h i s  
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s t a g e  is  less t h a n  u n i t y .  I t  i s  f e l t  t h a t  a d e g r e e  of s u c c e s s  of 

OPTIMISTIC 

PESSIMISTIC 
L 

0 .7  i s  r e a s o n a b l e  f o r  t h i s  subelement .  

FIGURE OF MERIT BENEFIT 

FY78 TO HISTORICAL ($106)  

PLANNED + SUNK 1978 DOLLARS COMPLETIOIV 

79 .9  19 .9  16 .9  

3 . 5  0 .9  0 . 7  

18 .7  R e s u l t s  

f I r t 
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19.0 SUBELEMENT 3-3-C: 

NON-DESTRUCTIVE EVALUATION TECHNIQUE 
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BENEFITICCIST RATIONALE AND FESULTS 

SUBELEMENT NUMBER 3-3-c CONTRACT NULABER(S) c014045 

TITLE Non-Des t r u c t i v e  E v a l u a t i o n  Technique 

Preliminary 
Study 

~ ~~~ ~ 

Daedalean Associate::, I n c .  

Basic Exploratory Advanced Engineering Demonstration & 
Research Development Development Development Commercialization 

RELATED 3-3-08 Non-Destructive E v a l u a t i o n  f o r  D r i l l  P i p e  

CALCULATED BENEFIT OPTIMISTIC 155.1 
(DISCOUNTEDTO $ MILLIONS, 1978) 

PESSIMISTIC 14.0 

OPTIMISTIC 553.9 

PESSIMISTIC 50.0 

OPTIMISTIC 470.0 

PESSIMISTIC 42.4 

FIGURE OF MERIT 
( W I O  SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

c 
I 

CURRENT STATE OF R&D: (CHECK APPROPRIATE: STAGES) I 

($lOOOs, CURRENT YEAR) 

1. Sunk: 

2. DGE Planned 

3. Additional: 

Total: 

Discounted Total of Planned and Additional: 

EXPECTED YEAR OF COMMERCIALIZATION 1980 

EXPECTED DEGREE OF SUCCESS 0.8 

224  
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1 9 . 1  P r o j e c t  I n  Subelement 

Fro-iect T i t l e  P r o j e c t  Code -_A- 

3-3-08 Non-Destructive Evaluat ion f o r  D r i l l  P ipe  

PROJECT 
CODE 

3-3-08 

$78 

19 .2  Goal - 

TOTAL PRIOR 7 7  TOTAL 

0 36 36 229 265 

0 40 40 224 264 

77 

Method and ins t rumenta t ion  f o r  d e t e c t i n g  : inc ip ien t  c racks  of 

d r i l l  p ipes  i n  f i e l d  a p p l i c a t i o n s .  

19 .3  Costs  

I I COST ($1000) BY FISCAL YEAR I 
-__- 

* Addi t iona l  

19 .4  I d e n t i f i c a t i o n  of Impacted Parameters 

One of t he  major cos t  f a c t o r s  involved i n  t he  opera t ion  of a 

geothermal d r i l l  r i g  is  the  removal of p ipe  s t r i n g s  t h a t  have ca ta -  

s t r o p h i c a l l y  f a i l e d  a t  deep l e v e l s  i n  the  w e l l .  Ma te r i a l  c o s t  and 

r i g  r e n t a l  time of such recovery e f f o r t s ,  i n  many cases ,  are s o  g r e a t  

t h a t  t h e  developers  are forced t o  abandon the w e l l .  The removal c o s t s  

o r  t h e  c o s t s  sunk i n  abandoned w e l l s  are [-hen charged t o  success fu l  

w e l l s  and passed along t o  consumers i n  the  form of h igher  w e l l  c o s t .  
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The success fu l  completion of t h i s  subelement would provide technology 

t h a t  would prevent  some of t hese  c a t a s t r o p h i c  l o s s e s  and thus  reduce 

t h e  w e l l  c o s t .  

19.5 Impac t s  on System Parameters 

To ana lyze  f o r  t h e  impacts t h a t  t h e  r e s u l t s  of t h i s  subelement 

has  on t h e  w e l l  c o s t ,  i t  i s  necessary  t o  know a number of v a r i a b l e s .  

These v a r i a b l e s  inc lude  frequency of d r i l l  p i p e  f a i l u r e s  dur ing  

d r i l l i n g ,  frequency and c o s t  of s u c c e s s f u l  removing broken d r i l l  p ipe  

from unf in ished  w e l l s ,  f requency of unsuccessfu l  removals, and c o s t  

of controlling abandoned we l l s .  T o  y i e l d  d a t a  f o r  t h e s e  v a r i a b l e s ,  a 

survey of geothermal w e l l  d r i l l i n g  d a t a  i n  t h e  U.S .  w a s  conducted*. 

For t h e  purpose of t h i s  a n a l y s i s ,  assumptions must be  made. It  is 

assumed t h a t :  

Average f r a c t i o n  * of mishaps (broken d r i l l  p ipe)  = 0.30 
Average f r a c t i o n *  of s u c c e s s f u l  removal = 0.25 
Average f r a c t i o n *  of unsuccessfu l  removal = 0.05 
Average d r i l l i n g  t i m e  without  mishap p e r  w e l l  = 10 days 
Average removal t i m e  = 3 days 
Average d r i l l i n g  b e f o r e  mishap = 5 days 
Average a d d i t i o n a l  ( t o  r i g  r e n t a l )  c o s t  of 

Average a d d i t i o n a l  ( t o  r i g  r e n t a l  and removal) 
removal = $ l O K / w e l l  

c o s t  of abandoned w e l l s  = $5OK/well 

The c a l c u l a t i o n s  are based on a w e l l  c o s t  without  mishap of 

$800K/well and a c o s t  breakdown as below*: 

* D . J .  Entingh and A. Lopez, "WELCST, Engineer ing Cost Model of Geo- 
thermal  Wells: Desc r ip t ion  and Users' Guide", MITRE/Metrek Report 
M-78-86, December 1978. 
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D r i l l  p i p e  
Rig up x down 
D r i l l  s t r i n g  i n s p e c t i o n  
Rig r e n t a l  
O t h e r s  

TOTAL 

PERCENTS OF TOTAL WELL COST - 

0 .6  
12.6 
0 .8  

37.9 
48.1 

100.0 

Now, if t h e  a p p l i c a t i o n  of t h e  Non-Dest:ructive E v a l u a t i o n  (NDE) 

t e c h n i q u e  i s  s u c c e s s f u l  t h e  f lollowing r e s u l t s  a r e  assumed: 

P e s s i m i s t i c  O p t i m i s t i c  

Mishap F r a c t i o n  
S u c c e s s f u l  removal f r a c t i o n  
Unsuccessfu l  removal f r a c t i o n  
Number of d r i l l  p i p e  r e j e c t e d  

0.15 0.15 
0.10 0.11 
0.05 0.04 

15% 15% 

It is  noted  t h a t  t h e  mishap f r a c t i o n  assumed above i s  mainly due 

t o  s t u c k  d r i l l  p i p e s  a n d / o r  d r i l l  b i t  which c a u s e  t w i s t - o f f  even i f  

t h e r e  is  no' i n c i p i e n t  c r a c k  i n  t h e  d r i l l  p i p e s .  Also ,  t w i s t - o f f  due 

t o  s t u c k  d r i l l  p i p e s  a n d / o r  d r i l l  b i t  i s  d i f f i c u l t  t o  remove hence 

t h e  u n s u c c e s s f u l  removal f r a c t i o n  i s  only  m a r g i n a l l y  reduced.  The 

c a l c u l a t i o n  f o r  t h e  opt imis t ic :  case i s  shown below: 



COST ITEM 

O t h e r s  

D r i l l  p i p e s  

Rig up and down 

D r i l l  s t r i n g  i n s p e c t i o n  

Rig r e n t a l  

Removal 

C o n t r o l l i n g  abandoned 

COST WITHOUT 
MISHAP ( 1 

($1000) 

384.80 

4.80 

100.80 

6.40 

303.20 

COST OF 
CURRENT STATE 

( $1000) 

379.99 (2) 

4. 68(4) 

100.80(6) 

6. 2 d 7 )  

322.91(9) 

3. 0O(l1) 

2.  50(13) 

COST WITH 
NDE 

($1000) 

380. 95(3) 

5.53(5) 

100. 80(6) 

0.17(8) 

310.78('O) 

1.50(  12) 

2.00(14) 

TOTAL 800.00 

Number of Completed Wells 1 

820.12  

0.95 

801.73 

0.96 

Cost p e r  Well 800.00 863.28 835.14 

P e r c e n t  of t o t a l  w e l l  c o s t  x $800K. 

Three q u a r t e r s  of "o thers"  c o s t  are  charged t o  0.05 abandoned 
w e l l :  $384.80K x (1-0.05 + 3/4  0.05) = $379.99K3. 

S i m i l a r  t o  ( 2 ) :  $384.80K x (1-0.04 + 3/4 0.04) = $380.95K3. 

S i n c e  5 days are passed  b e f o r e  mishap o c c u r s ,  0 .5  of d r i l l  p i p e  
c o s t  i s  charged t o  abandoned w e l l :  

$4.80K x (1-0.05 + 0.5  x 0.05) = $4.68K. 

S i n c e  15% of d r i l l  p i p e s  are r e j e c t e d ,  t h e  c o s t  increases by 
1/0.85: 

$4.80K x (1-0.04 + 0.5 x 0.04)/  0.85 = $5.53K3. 

Rig move and r i g  up and down are r e q u i r e d  r e g a r d l e s s  of whether  
o r  n o t  mishap o c c u r s .  

I n s p e c t i o n  c o s t  is  similar t o  d r i l l  p i p e  c h a r g e :  
$6.40K x (1-0.05 + 0.5 x 0.05) = $6.24K. 
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(8) According t o  t h e  c o n t r a . c t o r ,  c u r r e n t  tes t  i s  performed on 7 / 8  
of a p i p e  l e n g t h  and c o s t s  50 t i m e s  more, on t h e  u n i t  l e n g t h  
b a s i s ,  t h a n  t h e  NDE technique:  

8 1  
7 50 $6.40K x (1-0.04 + 0.5 x 0 .04 )  x - x - / 0.85 = $0.17K 

(9) I n c l u d i n g  5 d a y s  b e f o r e  mishap o c c u r s  and 3 days  of removal t i m e :  

x 0.25 + ~ 5+3 x 0.05) = $322.91K 10+3 
l o  10 

$303.20K x (1-0.30 +.- 
(10) S i m i l a r  t o  (9 ) :  

$303.20K x (1-0.15 + 1.3 x 0.11 + 0.8 x 0.04) = $310.78K 

(11) $10K x 0.30 = $3.00K 

(12) $10K x 0.15 = $1.50K 

(13) $50K x 0.05 = $2.50K 

(14) $50K x 0.04 = $2.00K 

Thus t h e  o p t i m i s t i c  impact of t h i s  subelement  i s  about  (863.28 - 

835.14)/863.28 = 3.26% r e d u c t i o n  i n  w e l l  c o s t .  For t h e  p e s s i m i s t i c  

case t h e  w e l l  c o s t  r e d u c t i o n  becomes 0.46%. The impacts  of t h i s  

subelement are expressed  i n  'terms of t h e  b e n e f i t  model i n p u t  para- 

meters as f o l l o w s :  

B e n e f i t  Model I n p u t  Parameter  PESSIMISTIC OPTIMISTIC 
( A l l  t y p e s )  ( A l l  t y p e s )  

% Change i n  cost  p e r  p r o d u c t i o n  w e l l  -0.5 - 3 . 3  

% Change i n  c o s t  per  i n j e c t i o n  w e l l  -0.5 -3.3 

19.6 Degree of Success  

Although t h e  NDE t e c h n i q u e  i s  r e a s o n a b l y  s t r a i g h t  forward ,  t h e r e  

i s  s t i l l  some u n c e r t a i n t y  i n  whether  o r  n o t  t h e  t e c h n i q u e  can  b e  

c a r r i e d  o u t  i n  f i e l d  c o n d i t i o n s  and a t  t h e  t es t  rate s u g g e s t e d  by 

t h e  c o n t r a c t o r .  It is f e l t  t:hat 0 .8  is  a r e a s o n a b l e  f i g u r e  f o r  t h e  

d e g r e e  of s u c c e s s .  
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19.7 Results 

OPTIMISTIC 

PESSIMISTIC 

BENEFIT I FIGURE OF MERIT 

-78 TO HISTORICAL 
1978 DOLLARS COMPLETION PLANNED + SUNK 

1 I 

1 1 
693.0 I 155.1 566.4 

I 62.6 I 51.2 I 14.0 
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20.0 SUBELEMENT 3-4-A: 

SPENT FLUID DISPOSAL 
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BENEFITICOST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3-4-A CONTRACT NUMBER(S) 4511830 
O t h e r s  unknown 

Preliminary 
Study 

~~ ~ ~ ~ ~ _ _  

Spent  F l u i d  D i s p o s a l  

Basic Exploratory Ad van c ed Engineering Demonstration 8 
Research Development Development Development Commercialization 

CONTRACTOR(S) P a c i f i c  Northwest Labora tory ,  Vetter/Oklahoma U . ,  o t h e r s  unknown 

RELATED PROJECTS 3-4-01 I n j e c t i o n  F l u i d  C h a r a c t e r i s t i c s  (PNL) 
3-4-02 
3-4-06 Spent  F l u i d  D i s p o s a l  (Unknown) 
3-4-07 

I n j e c t i o n  and S t i m u l a t i o n  Chemicals ( V e t t e r )  

Waste D i s p o s a l  I n t e r - R e g i o n a l  C o o r d i n a t i o n  (Unknown) 

F.Y. 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

~ _ _ _ _ _ _ _ _ _ ~ ~ _ _ _ _  ~ I CURRENT STATE OF R&D: (CHECK APPROPRIATE STAGES) 

TO78 78 79 

0 

2 

EXPECTED YEAR OF COMMERCIALIZATION 1983 

EXPECTED DEGREE OF SUCCESS 0.7 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

I I OPTIMISTIC 56.9 

I I PESSIMISTIC 30.9 

FIGURE OF MERIT 
(WIOSUNKCOSTS) 

OPTIMISTIC 15.6 

PESSIMISTIC 8.5  

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

OPTIMISTIC 15.6 

PESSIMISTIC 8.5 

SEE ATTACHED PAGES FOR RATIONALE 





20.1 P r o i  ects i n  Subelement 

P r o j e c t  T i t l e  P r o j e c t  Code - 

3-4-0 1 I n j e c t i o n  F l u i d  C h a r a c t e r i s t i c s  

3-4-02 I n j e c t i o n  and S t i m u l a t i o n  Chemicals 

3-4-06 Spent  F l u i d  D i s p o s a l  

3-4-07 Waste D i s p o s a l  I n t e r - R e g i o n a l  C o o r d i n a t i o n  

77 77 

0 0 0  
0 0 0  
0 0 

3-4-06 -0 I=> Impact 
GOAL 

3-4-0 1 

3-4-02 

TOTAL 78  79 80 81 82 83 'y:: TOTAL 

70 275 345 345 
58 500 600 1158 1158 

0 308 0 308 308 

20.2 Goal 

Technology t o  enhance i n j e c t i o n  w e l l  f low.  

20.3 Costs  

COST ($1000) BY FISCAL YEAR 

0 

436 
436 

PROJECT 
CODE 

3-4-01* 
3-4-02 
3-4-06 
3-4-07 

TOTAL 
( $ 7 8 )  

250 250 250 250 250 1250 1250 

1025 850 250 250 250 3051 3051 
932 702 188 1 7 1  155 2584 2584 

* Only h a l f  of t h e  c o s t s  are charged h e r e ,  t h e  o t h e r  h a l f  i s  charged 
t o  subelement 3-4-B. 
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20.4 I d e n t i f i c a t i o n  of Impacted Parameters  

The performance of a n  i n j e c t i o n  w e l l  is determined by t h e  

i n j e c t e d  b r i n e  f low rate  which i n  t u r n  is  determined by t h e  permea- 

b i l i t y  of t h e  rock  format ion .  The b r i n e  u s u a l l y  carr ies  suspended 

s o l i d s  and chemica ls  which i n t e r a c t  w i t h  t h e  format ion  and g r a d u a l l y  

reduce  t h e  p e r m e a b i l i t y .  Consequent ly ,  t h e  i n j e c t i o n  r a t e  d e c r e a s e s  

w i t h  t i m e .  It i s  t h e r e f o r e  n e c e s s a r y  t o  s t i m u l a t e  an  i n j e c t  w e l l  

from t i m e  t o  t i m e  t o  e i t h e r  d i s l o d g e  o r  d i s s o l v e  o f f  t h e  s o l i d s  o r  

p r e c i p i t a t e s  which accumulate  i n  t h e  format ion  as t h e  b r i n e  f lows  

through t h e  format ion .  Such s t i m u l a t i o n  cannot r i d  of f  a l l  the 

accumula t ion  however. The rock  p e r m e a b i l i t y  s t i l l  d e t e r i o r a t e s  and 

e v e n t u a l l y  r e a c h e s  a l eve l  where t h e  i n j e c t i o n  w e l l  becomes 

uneconomical t o  o p e r a t e .  The w e l l  i s  t h e n  abandoned w i t h  a c e r t a i n  

c o s t  f o r  p lugging  i t .  

I f  a s i t e  r e q u i r e s  N i n j e c t i o n  w e l l s  which have an average  l i f e  

of L y e a r s ,  and i f  i t  can b e  assumed t h a t  b r i n e  f low ra te  d e c r e a s e s  

l i n e a r l y  w i t h  t i m e  d u r i n g  t h e  L y e a r s ,  t h e  number of new w e l l s  which 

must b e  d r i l l e d  An the second year would be N/L. The life of an i n j e c t -  

ion w e l l  used for a particular brine depends primarily on the capabil i ty  

of the stimulation technology t o  restore the brine flow rate  t o  its  ori-  

g inal  value. I f  one stimulation technology can restore the brine 

f low ra te  c l o s e r  t o  i t s  o r i g i n a l  v a l u e  t h a n  a n o t h e r ,  i t  would m a i n t a i n  

a l o n g e r  w e l l  l i f e  and r e s u l t  i n  less new w e l l s  having t o  b e  d r i l l e d .  

The purpose of t h e  ac t iv i t i e s  i n  t h i s  subelement i s  t o  deve lop  a 
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s t i m u l a t i o n  technology whic'h could work b e t t e r  t h a n  t h e  one c u r r e n t l y  

used and, as t h e  r e s u l t s ,  i n c r e a s e  t h e  w e l l  l i f e  and reduce  t h e  

maintenance requi rements  such  as s t i rnulat i -on f requency ,  and c o s t s  of 

p lugging  abandoned w e l l s .  

However, t h e r e  i s  a q u e s t i o n  h e r e  as t o  whether  t h e  s t i m u l a t i o n  

f requency  should  b e  reduced w i t h  t h e  new and b e t t e r  s t i m u l a t i o n  tech-  

nology t o  reduce  O&M c o s t  01: i t  should  be unchanged t o  g a i n  t h e  

b e n e f i t s  from t h e  r e s u l t e d  i n c r e a s e  i n  w e l l  l i f e .  Such t rade-of f  

w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  s u b s e c t i o n .  

20.5 Impacts  on System Parameters  -- 

L e t  u s  c o n s i d e r  a n  i n j e c t i o n  w e l l  through which t h e  b r i n e  f l o w  

rate i s  d e c r e a s e d ,  i n  t h e  absenc.e of s t imula t : ion ,  by 20% of t h e  

o r i g i n a l  v a l u e  p e r  y e a r ,  and which can  b e  used u n t i l  t h e  f low leve l  

r e a c h e s  20% (See F i g u r e  1) .  T h i s  w e l l  would have a l i f e  of 4 y e a r s  

as shown i n  F i g u r e  1. L e t  u s  a l s o  c o n s i d e r  t h e  e f f e c t s  of c u r r e n t  

and new s t i m u l a t i o n  schemes on t h e  w e l l  l i f e  and make some assumptions 

about them as fo l lows:  

1. The ra te  a t  which t h e  f l o w  ra te  d e c l i n e s  is assumed 
unchanged a f t e r  s t i m u l a t i o n .  

2 .  Curren t  p r a c t i c e  is  assumed t o  r e q u i r e  s t i m u l a t i o n  
once a y e a r ,  and t h e  recovery  immediately a f t e r  
s t i m u l a t i o n  is  assumed t o  b e  10%. 

3 .  The recovery  immediately a f t e r  s t i m u l a t i o n  r e s u l t e d  
from u s i n g  new s t i m u l a t i o n  technology i s  assumed t o  
be 15% ( a  50% improvement). 

The w e l l  l i f e  w i t h  c u r r e n t  s t i m u l a t i o n  p r a c t i c e  is  7.5 y e a r s  as 

i l l u s t r a t e d  by c u r v e  1 of F i g u r e  1. I f  t h e  new technology is  u s e d ,  
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t h e r e  are two end p o s s i b l e  p r a c t i c e s .  One p r a c t i c e  is  t o  l e t  t h e  

f l o w  ra te  d e c l i n e  f o r  a r e l a t i v e l y  long p e r i o d  and t h e n  s t i m u l a t e  

t h e  w e l l  and f o r m a t i o n  t o  b r i n g  t h e  f l o w  irate t o  t h e  same l e v e l  as 

i n  t h e  c u r r e n t  p r a c t i c e .  The r e s u l t  i s  t h e  c u r v e  2 of F i g u r e  1 which 

i n d i c a t e s  a w e l l  l i f e  of 9 .25 y e a r s .  The o t h e r  p r a c t i c e  is  t o  

s t i m u l a t e  t h e  system once p e r  y e a r  as t h e  cu.rrent  p r a c t i c e  w i t h  t h e  

r e s u l t s  of c u r v e  3 and w e l l  l i f e  of 14.33 y e a r s .  Now l e t  u s  compute 

t h e  c o s t s  of t h e s e  p r a c t i c e s  based on t h e  assumption t h a t  5 i n j e c t i o n  

w e l l s  are r e q u i r e d  and t h e  cos ts  of each s t i m u l a t i o n  and p lugging  up 

abandoned w e l l s  are unchanged : 

COST ($1000) OF COST ($1000) OF 
CURRENT PRACTICE NEW TECHNOLOGY 

- CURVE 1 -- CURVE 2 CURVE 3 

S t a r t i n g  ($500K/well) 2500 2500 2500 

S t i m u l a t i o n  ( $65Keach time*)+ , 28600.0 19921.6 19615.7 

Average p e r  y e a r  953.3 664.1 653.9 

New w e l l / y r  ($500K x N/L) 3 3 3 . 3  270.3  174 .5  

P lugging  up ($5OK/well*)/yr 3 3 . 3  27.0 1 7 . 4  

T o t a l  O&M p e r  y e a r  1319.9 961.4 845.8 

* 
+ 

Tod Larson,  "The Cost of Geothermal Energy Development", Geothermal 
World D i r e c t o r y ,  p. 314, 1977-78. 
Based on 30 y e a r  p l a n t  l i f e  and i n c l u d i n g  s t i m u l a t i o n  of new w e l l s  
as t h e y  are p laced  i n  s e r v i c e :  

For  c u r v e  I: 

For c u r v e  2: $65Kx[5x24+ _- x 1 . 2 5  (1+2+3+ ...+ 2 3 ) l  

Fo r  c u r v e  3: $65Kx[5x30+ --- (1+2+3+. . .+29) 3 

5 

5 
9.25 

14.33 

$65Kx[5x30+.= (1+2+3+ ...+ 2911 
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The above computat ion i n d i c a t e s  t h a t  t h e  scheme r e p r e s e n t e d  by 

Curve 3 shows t h e  h i g h e s t  b e n e f i t .  Thus i t  can b e  assumed t h a t  t h e  

impacts  of t h e  r e s u l t s  of t h i s  subelement can b e  maximized by l e a v i n g  

t h e  s t i m u l a t i o n  f requency  unchanged. 

The assumption of 50% improvement on s t i m u l a t i o n  c a p a b i l i t y  

(assumption 3) i n c r e a s e s  t h e  w e l l  l i f e  from 7.5 y e a r s  t o  14.33 y e a r s .  

Such improvement may n o t  b e  rea l i s t ic  because of t h e  f a c t  t h a t  reser- 

v o i r  e n g i n e e r i n g  problems are u s u a l l y  complex and d i f f i c u l t  t o  s o l v e ,  

and hence a n e a r l y  100 p e r c e n t  i n c r e a s e  i n  w e l l  l i f e  is d i f f i c u l t  t o  

b e l i e v e .  

Impacts  on System Parameters  

To b e  r e a l i s t i c  and c o n s i s t e n t  w i t h  t h e  R&D c o n t r a c t o r s '  

p r e d i c t i o n ,  l e t  u s  assume t h a t  t h e  w e l l  l i f e  w i l l  b e  i n c r e a s e d  by 

10 t o  15%. Such improvement is  t r a n s l a t e d  i n t o  t h e  impacts  on t h e  

b e n e f i t  model i n p u t  parameters  as f o l l o w s :  

S t i m u l a t i o n  c o s t  p e r  y e a r  based on 30 y e a r  p l a n t  l i f e  
( p e s s i m i s t i c  c a s e )  

$65K x [ 5  x 30 + 7.5x1.1 (1+2+3+. . .+29) 1/30 = $896.2K 

Plugging up c o s t  p e r  y e a r  ( p e s s i m i s t i c  c a s e ) :  

$50K x 5/ (7 .5x1 .1)  = $30.3K 

T o t a l  O&M c o s t  ( e x c l u d i n g  new w e l l  c o s t )  = $926.5K 

T h i s ,  when compared w i t h  t h e  c u r r e n t  p r a c t i c e  O&M c o s t  of 953.3 

+ 33.3 = $986.6K y i e l d s  a r e d u c t i o n  of (986.6 = 926.5)/986.6 = 6.1% 

e x c l u d i n g  new w e l l  c o s t .  The new w e l l  c o s t  r e d u c t i o n  h a s  been 
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i n c o r p o r a t e d  i n  t h e  w e l l  l i f e  i n c r e a s e  i n  t h e  b e n e f i t  model i n p u t s .  

S i m i l a r l y ,  t h e  r e d u c t i o n  i n  O&M c o s t  f o r  o p t i m i s t i c  case i s  

c a l c u l a t e d  a s  fo l lows:  

$65K x [ I 5 0  + 7.5x1.15 (1+2+3+. . .+29) ] /30  = $871.4K 

$5OK x 5/(7.5x1.15) = 29.0 

Resul't  = $900.4K 

Compared w i t h  $986.6K 

Reduction 8 .7% 

The r e s u l t s  are  summarized as  f o l l o w s :  

BENEFIT MODEL INPUT PARAMETERS 
PESSIMIST I C  OPTIMISTIC 

(ALL PLANTS) (ALL PLANTS) 

% Change i n  Producer  Genera.1 O&M Cost 
Fac t  or*  -1.8 -2.6 

% Change i n  L i f e  Span of I n j e c t i o n  Wells 
(High S a l i n i t y )  1 0 . 0  1 5 . 0  

% Change i n  L i f e  Span of I n j e c t i o n  Wells 5 .0  10 .0  
(Low S a l i n i t y ) * *  

* This f a c t o r  c o v e r s  O&M c o s t s  f o r  p r o d u c t i o n  w e l l s ,  i n j e c t i o n  w e l l s ,  
and p i p i n g  system. O&M cost  of i n j e c t i o n  wells i s  assumed t o  
account  f o r  30% of  t h i s  f a c t o r .  

** The impacts  on i n j e c t i o n  well l i f e  f o r  low s a l i n i t y  b r i n e s  are 
expec ted  to be less t h a n  t h o s e  on i n j e c t i o n  w e l l  l i f e  f o r  h i g h  
s a l i n i t y  b r i n e s .  

20.6 Degree of  Success  

The f low of b r i n e  t h r o u g h  t h e  r o c k  f o r m a t i o n  can  b e  d e s c r i b e d  as 

a f i l t e r i n g  p r o c e s s  i n  which suspended s o l i d s  o r  p r e c i p i t a t e s  are 

b e i n g  f i l t e r e d  from t h e  b r i n e  by t h e  porous format ion .  Depending on 
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t h e  p a r t i c l e  s i z e  of t h e  s o l i d s  r e l a t i v e  t o  t h e  pore s i z e  of t h e  

formation, t h e  s o l i d s  can e i t h e r  accumulate a t  t h e  formation f r o n t  

end, i . e . ,  t h e  w e l l  bore ,  o r  e n t e r  and be r e t a ined  i n  t h e  formation.  

I f  t h e  s o l i d  p a r t i c l e s  are small enough, t h e  f i l t e r i n g  process  might 

never  t ake  p lace  and hence no d e t e r i o r a t i o n  of t h e  flow occurs  un le s s  

t h e  f i l t e r i n g  process  i s  complicated by unfavorable  chemical r e a c t i o n s  

between t h e  b r i n e  and rock.  Thus it  can be  seen t h a t  t h e  app l i ca -  

b i l i t y  of t h e  new s t i m u l a i t o n  technology depends on l o c a l  cond i t ions .  

I n  some cases ,  cu r ren t  pract ice  i s  s a t i s f a c t o r y  and new technology 

will n o t  y i e l d  any improvement; and i n  some o t h e r  cases new technology 

~ 

OPTIMISTIC 

PESSIMISTIC 

would y i e l d  100 percent  impacts.  Therefore  a degree of success  of 

FIGURE OF MERIT 
BENEFIT 
($106) FY78 TO H I  S T O R I  CAL 

1978 DOLLARS COMPLETION PLANNED + SUNK 

56.9 15.6 15.6 

30.9 8.5 8.5 

0 .7  is assumed f o r  t h i s  subelement. 

20.7 Resu l t s  
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21.0 SUBELEMENT 3-4-'8 : 

WASTE UTILIZATION 
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BENEFITICOST RATIONALE AND RESULTS 

Preliminary 
Study 

TITLE Waste U t i l i z a t i o n  

- 
J 

Basic Exploratory Advanced Engineering Demonstration & 
Research Development Development Development Commercialization 

CONTRACTOR(S) P a c i f i c  Northwest Laboratory,  o t h e r s  known 

RELATED PROJECTS 3-4-01 I n j e c t i o n  F lu id  C h a r a c t e r i s t i c s  (DOE/Sm. /PNL) 
3-4-03 
3-4-04 Gas and Waste U t i l i z a t i o n  
3-4-05 Waste U t i l i z a t i o n  Process  Subcont rac ts  

Geochemical Engineering and Process  Handbook 

F.Y. 

1 CURRENT STATE OF R&D: (CHECK APPROPRIATE STAGES) 

To78 78 79 80 81 82 83 84 85 >85 TOTAL 

0 0 

330 525 0 600 300 150 1905 

0 

1905 
I 

1.  Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

Discounted Total of Planned and Additional: 1556 

EXPECTED YEAR OF COMMERCIALIZATION 1984 

EXPECTED DEGREE OF SUCCESS 0.3 

OPTIMISTIC 324.4 

PESSIMISTIC 261.2 

OPTIMISTIC 62.5 

PESSIMISTIC 50.4 

OPTIMISTIC 62.5 

PESSIMISTIC 50.4 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

- 
SEE ATTACHED PAGES FOR RATIONALE 
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2 1 . 1  P r o j e c t s  i n  Subelement 

PROJECT TITLE 

I n j  e c  t: ion F lu id  C h a r a c t e r i s t i c s  
Geochemical Engineering and Process  Handbook 

- - PROJECT CODE 

3-4-01 
3-4-03 - 
3-4-04 Gas and Waste U t i l i z a t i o n  
3-4-05 Waste U t i l i z a t i o n  Process  Sub c o n t r a c t s  

3-4-01 

Impact 

GOAL 

2 1 . 2  Goal - 
E f f i c i e n t  and economical processes  t o  recover  minera ls  and 

u t i l i z e  waste hea t  and water in  spent  f l u i d .  

21.3 Costs 

* Only halves  of t h e  c o s t s  are charged he re ;  t h e  remainder are  
charged t o  Subelement 3-4-A. 
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F I G U R E  1 

DISCHARGE END O F  A GEOTHERMAL POWER PLANT (SCHEME) 



2 1 . 4  I d e n t i f i c a t i o n  of Impacted P a r a m e t e r s  

The a c t i v i t i e s  i n  t h i s  subelement  are  t o  deve lop  and document 

i n  a handbook, chemical  and energy  p r o c e s s e s  f o r  u t i l i z a t i o n  of wastes 

from geothermal  power p l a n t s .  

are mainly water, m i n e r a l s ,  and g a s e s .  The a v a i l a b i l i t y  of 

t e c h n o l o g i e s  f o r  recovery  and u t i l i z a t i o n  of t h e s e  wastes would 

g e n e r a t e  revenue  f o r  geothermal  i n d u s t r y  and a t  t h e  same t i m e  e l i m i -  

n a t e  many d i s p o s a l  problems. With t h e  c u r r e n t  p r a c t i c e ,  s p e n t  b r i n e  

must ,  i n  many cases, b e  t r e a t e d  b e f o r e  s u b s u r f a c e  i n j e c t i o n .  Such 

s p e n t  b r i n e  t r e a t m e n t  can b e  i n c o r p o r a t e d  i n t o  t h e  waste u t i l i z a t i o n  

p r o c e s s  and t h e r e f o r e  t h e  O&M and c a p i t a l  c o s t s  of t h e  s p e n t  b r i n e  

t r e a t m e n t  f a c i l i t i e s  w i l l  b e  impacted by t h e  r e s u l t s  of t h i s  sub- 

e lement .  Other  impacted parameters  can  b e  i d e n t i f i e d  i n  t h e  O&M 

c o s t  and l i f e  span  of i n j e c t i o n  wells. 

21.5 Impacts  on System Parameters  

Wastes from a geothermal  power p l a n t  

-- 

The s p e n t  f l u i d  d i s c h a r g e d  from a power p l a n t  is  u s u a l l y  w a r m  

and con ta ins ,  a t  some s i tes ,  minerals  which have commercial va lues .  

T h i s  f l u i d  o f t e n  must b e  t r e a t e d  b e f o r e  b e i n g  d i s p o s e d  of v i a  sub- 

s u r f a c e  i n j e c t i o n .  S o ,  i n  g e n e r a l ,  t h e  f low of t h e  s p e n t  f l u i d  can 

b e  r e p r e s e n t e d  by F i g u r e  1 where t h e  f l u i d  l e a v i n g  t h e  power p l a n t  

i s  t r e a t e d  i n  t h e  t r e a t m e n t  p l a n t  and t h e n  pumped i n t o  i n j e c t i o n  

w e l l s .  

Now i f  a m i n e r a l  recovery  and waste u t i l i z a t i o n  p r o c e s s  i s  

developed and used ,  t h e r e  w i l l  b e  a number of schemes by which t h e  

p r o c e s s  i s  a p p l i e d  t o  a geothermal- power p l a n t .  B e f o r e  d i s c u s s i n g  
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t h e s e  schemes, l e t  u s  assume t h a t  t h e  newly developed recovery  and 

u t i l i z a t i o n  process  w i l l  b e  i n s t a l l e d  and opera ted  by a p r i v a t e  

indus t ry .  Thus some k ind  of agreement i s  t o  be reached between t h e  

producer ,  who i s  r e s p o n s i b l e  f o r  t h e  t rea tment  and d i s p o s a l  of t h e  

spen t  b r i n e ,  and such p r i v a t e  i n d u s t r y .  Of cour se ,  t h e  agreement 

must b e n e f i t  bo th  p a r t i e s  and must be  dependent on t h e  r e s o l u t i o n  

of such  i s s u e s  as t h e  c o s t  of spen t  b r i n e ,  treatment r e s p o n s i b i l i t y ,  

and i n j e c t i o n  r e s p o n s i b i l i t y .  

The producer would want t o  s e l l  t h e  s p e n t  b r i n e  a t  a p r i c e  and 

p a s s  t h e  r e s p o n s i b i l i t y  of b r i n e  t reatment  and i n j e c t i o n s  over  to 

t h e  p r i v a t e  indus t ry .  However, t h e  p r i v a t e  i n d u s t r y  would want t o  

make t h e  h i g h e s t  p r o f i t s  by t r y i n g  t o  g e t  t h e  b r i n e  f r e e  of charge  

and wi thout  having t o  worry about  t r ea tmen t  and i n j e c t i o n .  Various 

process  a p p l i c a t i o n  schemes can  r e s u l t  from t h e s e  two ends of 

ba rga in ing .  However, a compromise would be  reached i f  bo th  p a r t i e s  

a g r e e  t h a t :  

( i )  Chemical t r ea tmen t  e x p e r t i s e  i s  u s u a l l y  possessed 
by t h e  p r i v a t e  i n d u s t r y .  

I n j e c t i o n  o p e r a t i o n s  r e q u i r e  t h e  expe r i ence  of 
t h e  producer .  

( i i )  

( i i i )  Recovery and t rea tment  p rocesses  involve  p r e c i p i -  
t a t i o n  r e a c t i o n s  which i n  t u r n  invo lve  tempera ture  
v a r i a t i o n .  Thence t h e  p r i v a t e  i n d u s t r y  would p r e f e r  
t o  t a k e  t h e  b r i n e  a t  t h e  power p l a n t  d i s c h a r g e  
p o i n t  t o  t h e  t r ea tmen t  p l a n t  d i scha rge  p o i n t .  

( i v )  P r o f i t  margin f o r  a mine ra l  recovery  and w a s t e  
u t i l i z a t i o n  process  is low because of low minera l  
concen t r a t ions  ( t o  t h e  p r i v a t e  i n d u s t r y ' s  po in t  
of view) i n  t h e  b r i n e .  
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I f  t h e  above p o i n t s  are a g r e e d ,  t h e  l i k e l y  scheme would b e  

as shown i n  F i g u r e  2 .  I n  t h i s  scheme, t h e  pr i .va te  i n d u s t r y  would 

have t h e  t r e a t m e n t  p l a n t  i n c o r p o r a t e d  i n t o  i t s  recovery  and u t i l i z a -  

t i o n  p r o c e s s ,  and t h e  b r i n e  r e t u r n e d  t o  t h e  producer  i s  l i k e l y  t o  

b e  c l e a n e r  t h a n  i n  t h e  o r i g i n a l  s e t u p  i n  F i g u r e  1. 

L e t  u s  assume t h e  scheme 2 ( F i g u r e  2) t o  b e  t h e  r e s u l t i n g  

impact of t h i s  subelement on t h o s e  si tes where t h e  m i n e r a l  recovery  

and waste u t i l i z a t i o n  p r o c e s s  i s  economical and a p p l i c a b l e .  To b e  

c o n s e r v a t i v e ,  l e t  u s  a l s o  a s sume  t h a t  t h e  p r i v a t e  i n d u s t r y  h a s  t h e  

b r i n e  f r e e  of charge .  Indeed ,  t h e  producer  would probably  b e  more 

t h a n  happy a l r e a d y  i f  h e  could  have improved q u a l i t y  i n j e c t i o n  b r i n e  

w i t h o u t  having t o  t rea t  i t .  From t h e s e  assumpt ions ,  t h e  06M and 

c a p i t a l  c o s t s  of t h e  s p e n t  b r i n e  t r e a t m e n t  p l a n t  of t h e  a p p l i c a b l e  

s i t e  can b e  e l i m i n a t e d  o r ,  i n  o t h e r  words,  can b e  reduced by ,  s a y ,  

80 t o  100 p e r c e n t .  I n  a d d i t i o n  t h e  improved q u a l i t y  of i n j e c t i o n  

b r i n e  i m p a c t s t h e  O&M c o s t s  and l i f e  span of i n j e c t i o n  w e l l s .  How 

much t h i s  impact is is  r a t h e r  d i f f i c u l t  t o  estimate a t  t h i s  s t a g e .  

However i t  might n o t  b e  v e r y  f a r  o f f  i f  t h e  r a t i o n a l e  employed i n  

t h e  p r e v i o u s  s e c t i o n ,  S u b s e c t i o n  20.5, i s  adopted and t h e  same 

resu l t s  are used.  

I n  summary, t h e  impacts  of t h i s  subelement  are l i k e l y  t o  b e  

as f o l l o w s :  

A-211 



i 

PRODUCER & UTILITY 

CONVERSION 

PLANT 

PRIVATE INDUSTRY 

WASTE 

UTILIZATION 

PLANT 

FIGURE 2 

INJECTION 

- - -1 
1 

I 

A POSSIBLE ARRANGEMENT BETWEEN PRODUCER AND 
CHEMICAL INDUSTRIES FOR INSTALLMENT OF 
WASTE UTILIZATION PLANT (SCHEME 2) 



BENEFIT MODEL INPUT PARAMETER -___ 
% Change C a p i t a l  Cost of Spent  B r i n e  
Treatment  (Producer)  

I 
BENEFIT 
($106) 

1978 DOLLARS 

OPTIMISTIC 324.9 
PESSIMISTIC 237.5 

- 

% Change i n  Producer  Spent  B r i n e  
Treatment O&M Cost F a c t o r  

FIGURE OF MERIT 

FY78 TO HISTORICAL 
C O W  LET I O N  PLANNED + SUNK 

62.5 62.5 
50.3 50.3 

_- 

% Change i n  Producer  General  O&M 
Cost Fac tor*  

% Change i n  L i f e  Span of I n j e c t i o n  
Wells (Low S a l i n i t y )  * 
% Change i n  L i f e  Span of I n j e c t i o n  
Wells (High S a l i n i t y )  * 

PESSIMISTIC OPTIMISTIC 
( A l l  P l a n t s )  ( A l l  P l a n t s )  

-80.0 -100.0 

-80.0 -100.0 

-1.8 -2.6 

5.0 10.0 

10.0 15.0 

* Adopted from s u b s e c t i o n  20.5. 

21.6 Degree of Success  

There e x i s t s  a market  s h a r e  between t h e  r e s u l t s  of t h i s  sube le-  

ment and t h a t  of t h e  "Spent F l u i d  Disposa l"  subelement ,  number 3-4-A. 

T h i s  i s  q u i t e  t r u e ,  because  wherever a waste u t i l i z a t i o n  p r o c e s s  i s  

used ,  new s p e n t  f l u i d  d i s p o s a l  technology is n o t  r e q u i r e d  and vice 

versa.  S i n c e  t h e  d e g r e e  of s u c c e s s  of t h e  Spent  F l u i d  D i s p o s a l  

subelement  i s  0.7,  t h e  d e g r e e  of s u c c e s s  of t h i s  subelement must b e  

0 . 3 .  

2 1 . 7  R e s u l t s  





22.0 SUBELEMENT 3 - 4 - C :  

MOBILE TEST U N I T  





BENEFIT/COST RATIONALE AND RESULTS 

SUBELEMENT NUMBER 3-4-c CONTRACT NUMBER(S) Unknown 

- 
CURRENT STATE OF R&D: (CHECK APPROPRIATE STAGES) 

J 

Preliminary Basic Exploratory Advanced Engineering Demonstration & 
Study Research Development Development Development Commercialization 

TITLE Mobile T e s t  Unit  

500 i 

CONTRACTOR(S) Unknown 

RELATEDPROJECTS 3-3-09 Mobile 0.1 - 1.0 Mw ‘rest Unit  

80 81 82 83 

1200 700 

OPTIMISTIC 2.3 

PESSIMISTIC 0.0 

OPTIMISTIC 2.3 

FIGURE OF MERIT 
(WIO SUNK COSTS) 

HISTORICAL FIGURE OF MERIT 
(WISUNK COSTS) 

PESSIMISTIC 0.0 
d 

1. Sunk: 

2. DGE Planned: 

3. Additional: 

Total: 

To 78 

0 

>85 

- 

TOTAL :i 
Discounted Total of Planned and Additional: 1973 I 
EXPECTED YEAR OF COMMERCIALIZATION 1982 

~ 

I EXPECTED DEGREE OF SUCCESS 0.5 -1 
I I 

I 1 

CALCULATED BENEFIT 
(DISCOUNTED TO $ MILLIONS, 1978) 

OPTIMISTIC 9.1 

PESSIMISTIC 0.0 
I 
I I 
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22.1 P r o j e c t  i n  Subelement - 

P r o j e c t  Code P r o j e c t  T i t  l e  

3-3-09 Mobile 0.1 - 1.0 MW Test Uni t  

----D. [I> Impact 
GOAL 

22.2 Goal 

A mobi le  tes t  u n i t  of 0..1 - 1.0 MW c a p a c i t y  f o r  u s e  i n  f i e l d  

t e s t i n g  t o  p r o v i d e  d a t a  f o r  1hjec:t ion w e l l  f l o w  enhancement. 

22.3 C o s t s  

The c o s t s  f o r  t h i s  subelement  has  n o t  been planned.  Hence if 

t h e  p r o j e c t  i s  approved t h e  c o s t s  must b e  e s t i m a t e d .  The c a p i t a l  

c a s t  of t h e  u n i t  can b e  ca lcu . la ted  assuming a 0.7 s c a l i n g  power as 

f o l l o w s  : 

C a p i t a l  c o s t  of a 50 MW b i n a r y  p l a n t  i s  about  $37,00OK* 

C a p i t a l  c o s t  of a 1 MW, s a y ,  b i n a r y  p l a n t  is :  

0.7 
x 37,000K = $2,393K 1 

(50) 

The above c o s t  might b e  i n  t h e  h i g h  s i d e .  However s i n c e  t h e  

tes t  u n i t  h a s  m o b i l i t y ,  e x t e n s i v e  i n s t r u m e n t a t i o n ,  h i g h  e n g i n e e r i n g  

d e s i g n  c o s t ,  and h i g h  level  of f l e x i b i l i t y ,  t h e  amount of $2400K 

would probably  b e  r e q u i r e d  t o  deve lop  i t .  From t h i s  f i g u r e ,  l e t  u s  

assume t h a t  $2400K are r e q u i r e d  t o  c o n t r a c t  f o r  a 0.1 - 1.0 MW u n i t  

* V. Thanh Nguyen and Harpa l  S .  D h i l l o n ,  "An A n a l y s i s  of t h e  Geother- 
m a l  Energy E x t r a c t i o n  and U t i l i z a t i o n  Technology RD&D Program", 
MITRE Report  MTR-7886, J u n e  1978. 

A-2 19 



r e g a r d l e s s  whether  i t  is  a b i n a r y  o r  f l a s h  steam system. L e t  u s  a l s o  

P RO J EC T 
‘ODE 

3-3-09 

($78) 
I 

assume t h a t  t h e  p r o j e c t  w i l l  s t a r t  i n  FY1979 and r e q u i r e s  3 y e a r s  

b e f o r e  t h e  u n i t  can b e  used f o r  f i e l d  t e s t i n g .  The p r o j e c t  c o s t  

breakdown is as fo l lows:  

~ ~~ 

ADDITIONAL COST ( $ 1 0 0 0 )  BY FISCAL YEAR 

77 TOTAL 7 8  79  80 81 8 2  83 78+ TOTAL 77  

0 0  0 0 500 1 2 0 0  700  2400 2400 

0 0  0 0 4 5 5  9 9 2  526  1 9 7 3  1 9 7 3  
I I 

2 2 . 4  I d e n t i f i c a t i o n  of Impacted Parameters  

The tes t  u n i t  i s  t o  p r o v i d e  s i t e  s p e c i f i c  d a t a  f o r  i n j e c t i o n  

w e l l  f l o w  enhancement. I t  i n v o l v e s  t h e  o p e r a t i o n  of a mobi le  scale 

and i n j e c t i o n  u n i t  a t  a number of s i t e s  f o r  prolonged p e r i o d s .  The 

o p e r a t i o n  i n c l u d e s  f low through,  f l a s h  and b i n a r y  c y c l e s  depending 

on t h e  c h a r a c t e r i s t i c s  of t h e  s i t e .  The r e s e r v o i r ,  p r o d u c t i o n  w e l l s  

and i n j e c t i o n  w e l l s  w i l l  be  monitored t o  develop a l i n k  between t h e  

s c a l i n g  phenomena and c h a r a c t e r i s t i c s  of t h e  i n j e c t e d  f l u i d .  A s  

t h e  r e s u l t s ,  a manual of procedures  of r e i n j e c t i o n  of geothermal  

f l u i d s  w i l l  b e  produced. T h e r e f o r e  t h i s  subelement w i l l  make t h e  

r e i n j e c t i o n  o p e r a t i o n  more e f f e c t i v e  and consequent ly  i n c r e a s e  t h e  

i n j  ect i o n  w e l l  l i f e .  

2 2 . 5  Impacts  on System Parameters  

The i n c r e a s e  i n  t h e  i n j e c t i o n  w e l l  l i f e  r e s u l t e d  by e f f e c t i v e  
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_- 

opera t ion  a lone  is  expected t o  be s m a l l  and i s  d i f f i c u l t  t o  estimate. 

Indeed, t h e  understanding of s c a l i n g  phenomena and c h a r a c t e r i s t i c s  

of t he  i n j e c t e d  f l u i d  produced from t h i s  subelement does no t  r e a l l y  

s o l v e  t h e  s c a l i n g  and w e l l  plugging problems wi thout  t h e  development 

of some technology t o  do so .  

impact is  n e g l i g i b l e  and is  assumed t o  b e  zero .  I f  t he  impact is  t o  

be  p o s i t i v e ,  i t  depends on how e f f e c t i v e  t h e  ope ra t ion  i s  r e l a t i v e  

t o  t h e  c u r r e n t  p r a c t i c e .  To make t h i s  comparison, i t  is  necessary  

t o  i d e n t i f y  what improvement i n  t:he ope ra t ing  procedure w i l l  be 

considered i n  t h e  manual produced by t h e  tes t  u n i t .  Such i d e n t i f i c a -  

t i o n  is n o t  p o s s i b l e  a t  t h i s  s t a g e  because t h e r e  is  no informat ion ,  

even very  pre l iminary  informat ion ,  a v a i l a b l e .  Thus f o r  t h e  opt imis-  

t i c  ca se ,  i t  i s  assumed without  base t h a t  t h e  i n c r e a s e  i n  i n j e c t i o n  

Hence f o r  t h e  p e s s i m i s t i c  case ,  t h e  

w e l l  l i f e  i s  about 

are as fo l lows:  

2-5%. I n  summary t h e  i m p a c t s  of t h i s  subelement 

BENEFIT MODEL INPUT PARAMETER 

% Change i n  L i f e  Span of I n j e c t i o n  
Wells (Low S a l i n i t y )  

% Change i n  L i f e  Span of I n j e c t i o n  
Wells (High S a l i n i t y )  

PESSIMISTIC OPTIMISTIC 
( A l l  p l a n t s )  ( A l l  p l a n t s )  

2.0 

5 .O 

2 2 . 6  Degree of Success 

The c o n s t r u c t i o n  and ope ra t ion  of t h e  t es t  u n i t  are not  d i f f i c u l t  

and only  r e q u i r e  state-of-the-art  technology. However t h e  use of srlch 

u n i t  might no t  be  found a t  a l l  of t h e  geothermal s i tes .  Hence t h e  
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i 

degree of success 

22.7 R e s u l t s  

of t h i s  subelement may be assumed to b e  0.5. 

OPTIMISTIC 

PESSIMISTIC 

BENEFIT FIGURE OF MERIT 

HISTORICAL ($106)  FY78 TO 
COMPLE T I O N  PLANNED i- SUNK 1978 DOLLARS 

I I 

9.1 2.3 2.3 

0 0 0 
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