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ABSTRACT 

T h i s  report  con ta ins  t h e  r e s u l t s  of la f e a s i b i l i t y  and r i s k  s tudy  

performed by Bechtel N a t i o n a l ,  I n c .  and t h e  Ben H o l t  Company 

under con t r ac t  t o  t h e  San Diego G a s  (and Electr ic  Company ( S D G E E ) .  

The purpose of t h e  s tudy  was to, diefine the most t e c h n i c a l l y  

f e a s i b l e  and lowest  c o s t  near-term energy conversion process  for  

a 50 M W e  geothermal power p l a n t  a t  the Sa l ton  Sea Known 

Geothermal Resource Area (KGRA) a Using the  l a t e s t  information 

from the  Geothermal mop Experimental F a c i l i t y  (GLEF) , which i s  

c u r r e n t l y  i n  ope ra t ion  a t  the  Sa l ton  Sea KGRA, conceptual 

designs,  c a p i t a l  cost  estimates, anti busbar energy product ion 

Dyer p l a n t s  employing several 

n b ina ry  energy conversion 

processes. A power p l a n t  and w e l l  f i e l d  r i s k  a n a l y s i s  was a l so  

perf  ormed. 

- 
W '  - 
The r e s u l t s  show t h a t  while t h e  f l a shed  steam p l a n t  has  the 

advantage of lower plant cap i ta l  cost, the brine flow r a t e  

r e q u i r e d  by t h e  binary p l a n t  i s  lower. T h i s  r e s u l t s  i n  busbar 

energy production c o s t s  f o r  t he  t w o  p l a n t s  t h a t  are t h e  same t o  

wi th in  the  accuracy of t h e  estimates., However, t h e  r i s k  a n a l y s i s  

indicates  t h a t  t h e  t e c h n i c a l  r i s k s  are less  f o r  t h e  f l a s h e d  steam 

plant .  Therefore,  t h e  f l a s h e d  steam process  w a s  selected fo r  

f u r t h e r  work  a t  t h e  GLEF, The ve r s ion  of t h e . f l a s h e d  steam 
- 
process with lowest energy  p roductiori cost w a s  t he  dua l - f l a sh  

process w i t h  t h r e e  50 percent  c a p a c i t v  t r a i n s  of f l a s h  t a n k s  w i t h  

Thus, it was determined t h a t  G L E F  t e s t i n g  i n  

iii 



t h e  immediate f u t u r e  should be d i r e c t e d  pr imar i ly  toward t h i s  

process ,  

A -_.__._I__ s e r i e s  of GLEF t es t s  and f u r t h e r  s t a i e s  were def ined  fox t h e  

purpose of a l l e v i a t i n g  o r  minimizing t h e  major r i s k s  a s s o c i a t e d  

wi th  t h e  flashed steam process. The most important  r i s k s  were 

found t o  be t hose  a s s o c i a t e d  . They i n c l u d e  

producing the  b r i n e ,  c a r r y i n g  it through t h e  p l a n t ,  and i n j e c t i n g  

it i n t o  t h e  subsur face  formation. 
. 
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Sec t ion  1 

I NTROD Uc T I  ON 

The primary o b j e c t i v e  of t h e  f e a s i b i l i t y  and r i s k  s tudy  i s  t o  

d e f i n e  t h e  most t e c h n i c a l l y  f e a s i b l e  and lowest cos t  near-term 

energy conversion process  f o r  a commercial-scale, nominal 50 MWe 

(ne t )  capacity demonstration power p:Lant a t  t h e  Sa l ton  Sea Known 

Geothermal Resource Area ( K G R A ) ,  The purpose of the Geothermal 

Loop Experimental F a c i l i t y  (GLEF') a t  t h e  Sa l ton  Sea KGRA is  t o  

ob ta in  d a t a  f o r  such a power plant.,  It u t i l i z e s  t h e  four -s tage  

f l a s h  b i n a r y  energy conversion process,  H o w e v e r ,  t h e  GLEF design 

was based on c e r t a i n  cond i t ions  and assumptions t h a t  have been 

shown t o  be no longe r  val id .  Therefore,  this s tudy  was i n i t i a t e d  

t o  determine t h e  most appropr i a t e  energy conversion process  f o r  

t h e  demonstration power p l a n t  based on c u r r e n t  information and t o  

d e f i n e  f u t u r e  GLEF t e s t i n g  needed t o  ob ta in  c r i t i c a l  design 

informat ion  f o r  t h e  type  of p l a n t  sel.ected. 

The study has  been d i v i d e d  i n t o  three phases.  Phase I ,  which i s  

r e p o r t e d  here in ,  i s  a pre l iminary  assessment. Phase I1 i s  t o .  be 

a n  updated assessment. I t  w i l l  be performed fol lowing a series 

of G L E F  t e s t s  t h a t  w i l l  be based on t h e  r e s u l t s  of t h e  P h a s e  I 

study. Phase 111 is a more de tah led  s tudy  t h a t  will fo l low 

a d d i t i o n a l  G L E F  t e s t i n g  based on t h e  Phase I1 study r e s u l t s ,  

The Phase I s tudy  w a s  j o i n t l y  performed by Bechtel  Nat ional ,  Inc -  

(Bechtel)  and The Ben H o l t  Company (Holt) for  the San Diego G a s  

and Elec t r ic  Company ( S D G G E ) .  Bechtel  and H o l t  were each 
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assigned primary r e s p o n s i b i l i t y  f o r  d i f f e r e n t  p o r t i o n s  of t h e  

s tudy,  but  both were t o  concur i n  t h e  o t h e r ' s  r e s u l t s .  s p e c i f i c  

t a s k s  performed by Bechtel  i nc lude  t h e  conceptual  des igns  and 

cos t  e s t ima tes  f o r  t h e  f l a s h e d  steam energy conversion processes ,  

t h e  i n t e r f a c e  and des ign  parameters, and the r e sea rch  and dev- 

elopment recommendations- T a s k s  performed by H o l t  i n c l u d e  t h e  

conceptual  des igns  and c o s t s  estimates f o r  t h e  b inary  energy 

conversion processes  and the  r i s k  analyses. 

Both H o l t  and Bechtel con t r ibu ted  t o  this repor t ,  Sec t ions  58 6, 

and 7 were prepared by Holt. 

Bechtel. 

All o t h e r  s e c t i o n s  were prepared by 

Periodic review meetings were conducted by SDGCE throughout t h e  

study. I n  a d d i t i o n  t o  Bechtel  and H o l t ,  r e g u l a r  p a r t i c i p a n t s  i n  

these meetings inc luded  the Department of Energy ( D O E ) ,  Lawrence 

Berkeley Laboratory (LBL, Lawrence Livermore Laboratory (LLL) 8 

and Imper ia l  Magma (Magma) These a d d i t i o n a l  p a r t i c i p a n t s  

supp l i ed  informat ion  for the  s tudy  i n  the i r  p a r t i c u l a r  areas of 

expe r t i s e .  
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Sect ion  2 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

T h i s  s e c t i o n  p resen t s  a summary of t h e  s tudy  and inc ludes  

conclus ions  and recommendations. 

2, 1 SUMMARY 

I n  order t o  ensure  t h a t  t h e  concepltual des igns  r e f l e c t e d  the  

l a t e s t  GLEF d a t a  and  t h a t  t h e  r e s u l t s  for t h e  v a r i o u s  des igns  

would be comparable, a set  of i n t e r f a c e  and design parameters w a s  

developed f o r  use as  t h e  power p l a n t  and w e l l  f i e l d  design 

cr i ter ia ,  Addi t iona l ly ,  a s tandard  cost  es t imat ing  methodology 

was devised t o  a t t a i n  compa t ib i l i t y  between t h e  v a r i o u s  cost  

estimates. 

The most impor tan t  

N e t  p l a n t  

The p l a n t  

parameters a r e  a s  fol lows:  

ou tpu t  i s  50 We, 

i s  located w i t h i n  the Sa l ton  Sea KGRA, 
app rox ima te ly  2 , 5 0 0  feet iwest of Gentry Road and 
2,000 f e e t  south  of S i n c l a i r  Road. 

Steam condensate is  used a s  cool ing  tower makeup, 
and i n j e c t i o n  flow i s  decreased by t h i s  amount. 

A S t r e t f o r d  u n i t  i s  used f o r  hydrogen s u l f i d e  
abatement , 

A s e t t l i n g  pond is  provided f o r  removal of 
suspended so l ids  from t h e  b:rine p r i o r  t o  i n j e c t i o n ,  

Wellbottom temperature  i s  500F i n i t i a l l y  and  
d e c l i n e s  l i n e a r l y  t o  482F i n  30 years ,  The des igns  
are based on 482F. 
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e Total d i s so lved  so l id s  c o n t e n t  of the  b r i n e  i s  
20 percent ,  and noncondensible gas conten t  i s  0.5 
weight-percent  of t h e  t o t a l  b r i n e  flow. 

0 Production f low r a t e  per  we l l  i s  400,000 l b / h r ,  
d e c l i n i n g  l i n e a r l y  t o  300,000 l b / h r  i n  30 years.  
I n j e c t i o n  flow r a t e  per w e l l  i s  600,000 l b / h r  and 
remains constant .  

CI T h e  product ion w e l l s  a r e  s l a n t  d r i l l e d  from an 
i s l a n d  l o c a t e d  ad jacent  t o  t h e  power plant.  
I n j e c t i o n  w e l l s  a r e  s l a n t  d r i l l e d  from an i s l a n d  
approximately 3,000 f e e t  from t h e  production w e l l  
i s l and .  

0 Brine s a c l i n g  r a t e s ,  s c a l e  removal techniques and 
c o s t s ,  and m a t e r i a l  f o r  u s e  i n  b r i n e  s e r v i c e  are 
based on GLEF data.  

Conceptual des igns ,  c a p i t a l  c o s t  e s t i m a t e s ,  and energy production 

c o s t  e s t i m a t e s  were developed for  f i v e  v e r s i o n s  of the dual 

f l a s h e d  steam energy conversion process  and four ver s ions  of t h e  

b ina ry  process. These processes  a r e  l i s t e d  i n  Table 2-1, which 

compares t h e i r  performance, c a p i t a l  costs, and energy product ion 

cos t s .  C a p i t a l  costs and energy product ion costs were e s c a l a t e d  

t o  the f irst  q u a r t e r  1982. 

The p l a n t  c a p i t a l  c o s t s  f o r  t h e  binary processes  a r e  g e n e r a l l y  

higher  t h a n  t h e  f l a shed  steam processes. However, s i n c e  t h e  

performance i s  somewhat g r e a t e r  f o r  t h e  binary processes ,  t h e i r  

b r i n e  requirements are lower and t h e i r  w e l l  f i e l d  c a p i t a l  costs 

are lower. The r e s u l t  is  t h a t  busbar energy production c o s t s  f o r  

comparable ve r s ions  of the  f l a s h e d  steam and binary processes  are 

t h e  same t o  w i t h i n  t h e  accuracy of the  es t imates .  
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TABLE 2-1 

COMPARISON OF FLASHED STEAM AND BINARY PROCESSES 

50 MWe NET DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, N I L A N D ,  CALIFORNIA 

Flashed Steam Process  

Unmodified Br ine ,  N o  Minimum 
I n j e c t i o n  Temperature, w i t h  
Redundant F l a s h  Vessels 

Unmodified Br ine ,  No Minimum 
I n j e c t i o n  Temperature 

A c i d i f i e d  Br ine ,  No Minimum 
I n j e c t i o n  Temperature 

Unmodified Br ine ,  300F Minimum 
I n j e c t i o n  Temperature 

A c i d i f i e d  Br ine ,  300F Minimum 
I n  j e c t i on Temp e r a  t u r e  

Binary Process  

A c i d i f i e d  Br ine ,  No Minimum 
I n j e c t i o n  Temperature ( four-  
s t a g e  f l a s h )  

Unmodified Br ine ,  N o  Minimum 
I n j e c t i o n  Temperature ( four -  
s t a g e  f l a s h )  

Unmodified Br ine ,  300F Minimum 
I n j e c t i o n  Temperature (two-stage 
f l a s h )  

A c i d i f i e d  Brine,  No Minimum 
I n j e c t i o n  Temperature 
( l i q u i d  1 l i q u i d )  

S p e c i f i c  

Watt h r / l b  
Brine 

o u t p u t  

8.90 

8.90 

8.90 

8.21 

8.21 

9.35 

9.35 

7.65 

10.54 

Notes:  (1) Esca la ted  t o  f i r s t  q u a r t e r  1982. 

(2 )  Cost of w e l l s  i n s t a l l e d  a t  'fear 0. 
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(1) C a p i t a l  Cost 
106 $ 

(2: 
Well 
F i e l d  

9 .83  

9.83 

9.83 

11.00 

11.00 

9.04 

9.04 

11.05 

8.22 

Power 
P l a n t  

38.4 

37.2 

38.2 

37.0 

39.1 

40.35 

39.54 

38.78 

43.70 

(1) Energy 
Product ion 

c o s t  
M i  1 Is 1 kWh 

37.6 

44.1 

38.5 

46.6 

49.3 

38.7 

43.7 

46.6 

38.7 



The 300F minimum i n j e c t i o n  temperature processes  were s t u d i e d  as 

a n  a l t e r n a t i v e  t o  using b r i n e  s e t t l i n g  ponds f o r  s o l v i n g  t h e  

b r i n e  i n j e c t i o n  problem, However, the results show t h a t  t h e s e  

processes  have lower performances and h igher  energy product ion 

c o s t s  t han  a process  us ing  no minimum i n j e c t i o n  temperature and 

inc luding  b r i n e  s e t t l i n g  ponds 

The most c o s t  e f f e c t i v e  of t h e  binary processes  s t u d i e d  i s  t h e  

fou r - s t age  f l a s h  process  w i t h  a c i d i f i e d  br ine ,  It has  an energy 

product ion c o s t  of 38.7 mills/kWh, The energy c o s t  f o r  t h e  

comparable f l a s h e d  steam process  w i t h  a c i d i f i e d  b r ine ,  

3 8 , s  mills/kWh, i s  not  considered t o  be s i g n i f i c a n t l y  d i f f e r e n t .  

An energy production c o s t  of 37.6 m i l l / k W h ,  t h e  lowest cost of 

t h e  processes  s t u d i e d ,  was estimated for t h e  dua l  f lashed steam 

process  wi th  unmodified b r i n e  and three 50 percent  c a p a c i t y  f l a s h  

v e s s e l  t r a i n s ,  Since one t r a i n  is  redundant,  it can be desca led  

w h i l e  the  p l a n t  i s  ope ra t ing  a t  f u l l  capac i ty ,  

The r i s k  a n a l y s i s  w a s  performed t h a t  covers  t he  major concerns a t  

t h i s  po in t  i n  t h e  development of t h e  p ro jec t ,  These r i s k s  a f f e c t  

t h e  bas i c  go or  no-go d e c i s i o n s -  The r i s k s  were assessed,  and 

p r i o r i t i e s  were assigned, The results of t h i s  a n a l y s i s  show t h a t  

b r i n e  handl ing is t h e  most impor tan t  t e c h n i c a l  r i s k .  Involved i n  

t h i s  r i s k  a r e  t h e  problems of scale formation,  cor ros ion ,  and 

two-phase flow i n  product ion wells, i n j e c t i o n  w e l l s ,  and p l a n t  

equipment and ins t rumenta t ion .  I f  s a t i s f a c t o r y  means c a n  be 

found for producing the  b r ine ,  c a r r y i n g  it through t h e  power 

p l an t ,  and i n j e c t i n g  it i n t o  the subsurface formation,  t h e  
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project w i l l  have a high p r o b a b i l i t y  of success.  Addit ional  

t e c h n i c a l  r i s k s  inc lude  noncondensible gases and steam q u a l i t y ,  

bu t  these problems can be m e t  w i t h  known technology. 

Environmental r i s k s  t h a t  w e r e  i d e n t i f i e d  inc lude  ground 

subsidence,  a i r  p o l l u t i o n  by hydrogen s u l f i d e ,  and disposal of 

l i q u i d  e f f l u e n t s .  The long-term a v a i l a b i l i t y  of water is ,  

poss ib ly ,  another  r i s k .  I t  becomes a r i s k  only  if it i s  found 

t h a t  t h e  amount of water i n j e c t e d  must equal  t h a t  produced i n  

order t o  prevent  subsidence. 

Economic r i s k s  involve t h e  need f o r  improved information of 

capi ta l  costs for both t h e  p l a n t  and t h e  w e l l  f i e l d .  The 

e x i s t e n c e  of an adequate energy source has been reasonably w e l l  

e s t a b l i s h e d ,  However, t h e  a b i l i t y  t o  del iver  t h e  b r i n e  t o  t h e  

p l a n t  and t o  i n j e c t  t h e  discharged b r i n e  i n t o  t h e  subsur face  

formation a t  accep tab le  costs have n o t  been demonstrated. P l a n t  

a v a i l a b i l i t y ,  o r  c a p a c i t y  factor,  was found t o  s i g n i f i c a n t l y  

a f fec t  t h e  energy product ion cost. I t  is  extremely important  t o  

maintain h igh  a v a i l a b i l i t y .  The test program must demonstrate  

t h a t  t h i s  can be accomplished by t h e  use of e i t h e r  an on-l ine 

scale c leaning  method, standby equipment, o r  t h e  prevent ion  of 

scale formation by b r i n e  modi f ica t ion  techniques,  Considering 

a l l  of t h e  r i s k s  i d e n t i f i e d ,  t h e  major t e c h n i c a l  r i s k s  described 

above are of greatest concern. They should be t h e  f i rs t  

addressed i n  f u t u r e  GLEF tes t ing.  
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The r e s u l t s  of t h i s  s tudy i n d i c a t e  t h a t  t h e  m o s t  app ropr i a t e  

energy conversion process  for  t h e  50 me ( n e t )  demonstration 

power p l a n t  is t h e  two-stage f l a shed  steam process  us ing  

unmodified b r i n e  and t h r e e  50 pe rcen t  t r a i n s  of f l a s h  equipment. 

S ince  e x i s t i n g  geothermal f lashed steam power p l a n t s  have 

demonstrated t h a t  l o w  cost electrical power can be produced 

commercially, i n v e s t o r  confidence i s  much higher  for t h i s  process  

than  f o r  t h e  commercially u n t r i e d  f l a shed  b inary  process ,  

Therefore, it i s  recommended t h a t  t h e  GLEF be modified t o  

s imula te  t h i s  process  and t h a t  f u t u r e  t e s t i n g  be directed 

p r imar i ly  toward a l e v i a t i n g  t h e  r i s k s  associated w i t h  it. 

However, the opt ion of using modified br ine  should be kept open. 

The m o s t  cost effective method fo r  accomplishing t h i s  would he 

f o r  t h e  Department of Energy, I n d u s t r i a l  Support Program, t o  

o p e r a t e  a small-scale loop f o r  t h i s  purpose a t  t h e i r  c u r r e n t  s i t e  

nex t  t o  t h e  GLEF. 

Research and development reconmendations were def ined  t h a t  w i l l  

minimize t h e  major i d e n t i f i e d  r i s k s .  These recommendations 

inc lude  a series of GLEF tests as w e l l  as other  ac t iv i t ies ,  such 

as  theoretical s t u d i e s  t h a t  do n o t  r e q u i r e  t h e  GLEF. The tests 

assume t h a t  t h e  GLEF w i l l  be modified t o  s imula te  t h e  two-stage 

f l a shed  steam power p l a n t  def ined  by t h e  conceptual  design 

developed i n  t h i s  s tudy,  Both  t h e  GLEF tests and t h e  related 

s t u d i e s  have been ranked i n  o r d e r  of t h e i r  p o t e n t i a l  t o  minimize 

t h e  r i s k s .  
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2 . 2  

0 

0 

e 
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CONCLUSIONS 

The most appropr i a t e  energy conversion process  f o r  
t h e  50 MWe demonstration power p l a n t  is t h e  t w o -  
stage f l a shed  steam process  us ing  unmodified b r i n e  
and three 50 pe rcen t  c a p a c i t y  t r a i n s  of f l a s h  
vessels. This  is based on an a n a l y s i s  t h a t  
i nco rpora t e s  t h e  l a t e s t  GLEF information. 

The c a p i t a l  cost for  t h e  two-stage f l a shed  steam 
p l a n t  us ing  unmodified b r i n e  and standby f l a s h  
equipment was estimated t o  be $31.6  mil l ion .  The 
c a p i t a l  cost f o r  t h e  corresponding w e l l f i e l d  was 
$9.83 m i l l i o n .  The busbar energy product ion cost 
w a s  3 7 . 6  mills /kWh. These costs inc lude  e s c a l a t i o n  
t o  f irst  q u a r t e r  1 9 8 2  p r i c e s .  

The op t ion  of us ing  modified b r i n e  w i t h  t h e  f l a shed  
steam p l a n t  should be kept  open. 

P l a n t  c a p i t a l  costs a re  lower for p l a n t s  
i nco rpora t ing  t h e  f l a shed  steam process  than for  
those  inco rpora t ing  t h e  b ina ry  process .  However, 
b r i n e  requirements and, therefore, w e l l  f i e l d  
c a p i t a l  costs are lower f o r  b inary  p l a n t s .  The 
r e s u l t  i s  t h a t  t h e  energy product ion costs f o r  t h e  
f lashed  steam and b ina ry  p l a n t s  s tud ied  are t h e  
same to  wi th in  t h e  accuracy of t h e  estimates. 

The lowest energy product ion cost of those  s t u d i e d ,  
f o r  t h e  b inary  process  was 38.7  mills /kWh. P l a n t s  
u t i l i z i n g  t h e  four -s tage  f lash b ina ry  process  w i t h  
a c i d i f i e d  b r i n e  and t h e  l i q u i d / l i q u i d  b inary  
process w i t h  a c i d i f i e d  b r i n e  had t h i s  same energy 
product ion cost. 

N o  insurmountable r i s k s  were i d e n t i f i e d .  The most 
important  r i s k s  are those associated wi th  b r i n e  
handling. I f  s a t i s f a c t o r y  means can be found f o r  
producing t h e  b r i n e ,  ca r ry ing  it through t h e  power 
p l a n t ,  and i n j e c t i n g  it i n t o  t h e  subsur face  
formation, t h e  project will.  have a high p r o b a b i l i t y  
of success.  

The t e c h n i c a l ,  economic, and r i s k  ana lyses  
conducted dur ing  t h i s  s tudy  i n d i c a t e  t h a t  t h e  
p r o j e c t  should be carried forward. 

The GLEF should be modifiedl t o  s h u l a t e  t h e  t w o -  
stage f l a shed  steam proc:esso The test program 
described i n  t h i s  r e p o r t  should be supported by 
related s t u d i e s  t h a t  are also described here in .  

2-7 



RECOMMENDATIOMS 

e The 50 M W e  ( n e t )  demonstrat ion power p l a n t  a t  t h e  
Sa l ton  Sea KGRA should be based on t h e  two-stage 
f l a shed  steam energy conversion process  us ing  
unmodifed b r i n e  and redundant f l a s h  equipment. 

e T h e  o v e r a l l  f e a s i b i l i t y  s tudy  should go forward, a t  
l eas t  through Phase 11, t o  improve performance and 
cost data  for t h e  power p l a n t  and t h e  w e l l  f i e l d  
and t o  f i n d  means for  overcoming t h e  important  
r i s k s .  

e The GLEF should be modified t o  s imula te  a p l a n t  
using t h e  two-stage f lashed steam process  w i t h  
unmodified br ine .  

e The GLEF t es t  program and suppor t ing  s t u d i e s  t h a t  
are  described i n  t h i s  report  should be c a r r i e d  out .  
The t es t  e f f o r t  should concen t r a t e  on t h e  b r i n e  
handling r i s k s  t h a t  are considered to be the most 
cr i t ica l .  

e The op t ion  t o  use  modified b r i n e  should be kept  
open. A small-scale loop, s imula t ing  t h e  two-stage 
f l a shed  steam process  w i t h  modified b r ine ,  should 
be cons t ruc t ed  and operated under t h e  Department of 
Energy, I n d u s t r i a l  Support Program, a t  t h e  small  
t e s t  f a c i l i t y  c u r r e n t l y  located next  t o  t h e  GLEF 
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Sect ion  3 

INTERFACE AND D E S I G N  PARAMETERS 

T h i s  s e c t i o n  d e f i n e s  the  i n t e r f a c e  and des ign  parameters on which  

t h e  f e a s i b i l i t y  s tudy  i s  based. The parameters were establ ished 

t o  i n s u r e  t ha t  t h e  p l a n t  conceptual  designs were done i n  a 

rea l i s t ic ,  c o n s i s t e n t  manner. They a r e  based on a v a i l a b l e  d a t a  

and the eng inee r ing  judgment of t he  study p a r t i c i p a n t s ,  

The source of each i n t e r f a c e  or  dlesign parameter i s  i d e n t i f i e d  

where possible .  The l e t t e r s  and nuinbers given i n  parentheses  

a f t e r  each parameter are  keyed t o  Table 3-1 t o  i n d i c a t e  t h e  basis 

of the corresponding parameter and the  s tudy  p a r t i c i p a n t  who 

provided the  basis. 

3.1 INTERFACE PARAMETERS 

3 .1 -1  

e 

Brine Supply 

The s i t e  i s  l o c a t e d  i n  t h e  quadrant  defined by U . S .  
Geological  Survey Range 13E and Township 11s. The 
l o c a t i o n  of the power p l a n t  i s  approximately 2,500 f t  
west of Gentry Road arid 2,000 f t  sou th  of S i n c l a i r  
Road. Brine supply w i l l  be f r o m  a production w e l l  
i s l a n d ,  which w i l l  be located a d j a c e n t  t o  t h e  w e s t  
boundary of the power p l a n t  (1, 6 ,  b), 

The w e l l  i s l a n d  w i l l  have t w o  r o w s  o f  w e l l s ,  150 f t  
apa r t .  Adjacent w e l l s  jin each row will be spaced a t  
50 f t  ( 1 ,  6 ,  b). 

Product ion w e l l s  w i l l  have 9-518 in .  ca s ings  and w i l l  
be s l a n t  d r i l l e d  from +he i s l a n d  w i t h  600 t o  700 f t  
bottomhole spacing (2, 6, b). 
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Table 3-1 

PARAMETER BASES AND SOURCES 

Ke Y Parameter 

Ext rapola t ion  of e x i s t i n g  da ta  

2 

3 

4 

5 

6 

7 

Theore t i ca l  a n a l y s i s  

Data from s i m i l a r  app l i ca t ions  

subsca le  da ta  

Previously publ ished and accepted estimates 

B e s t  a v a i l a b l e  judgment 

GLEF d a t a  

Study P a r t i c i p a n t  

San Diego Gas & Electric Company 

Magma P o w e r  Company 

Lawrence Livermore Laboratory 

Lawrence Berkeley Laboratory 

The Ben Holt  Company 

Bechtel  Nat ional ,  Inc. 
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e 
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T h e  number of production wells t o  be used w i l l  be 
s e l e c t e d  according t o  i n d i v i d u a l  p l a n t  requirements  
( 6 ,  b) - 

The production w e l l  s y s t e m  w i l l  inc lude  t h e  production 
wells, wellhead equipment and valves ,  i n s u l a t e d  b r i n e  
and steam supply l i n e s  and headers  t o  the power p l a n t  
boundary, and f l a s h  equipment i f  necessary. The b r i n e  
and steam supply l i n e s  wi;L1 be above ground ( 3 ,  6 ,  a,  
b) 

Production wel ls  w i l l  be n a t u r a l l y  flowing (2 ,  3, b, 
c, a -  
Nominal i n d i v i d u a l  product ion w e l l  f low w i l l  be 
400,000 l b / h r  d e c l i n i n g  l i n e a r l y  t o  300,000 lb /hr  a t  
year  30 (2, 3, b, c, d ) ,  

s p a r e  product ion w e l l s  having 20% of the  p l a n t  flow 
c a p a c i t y  w i l l  be provided (2, 3,  b) ,  

Brine s a t u r a t e d  l i q u i d  thermodynamic p r o p e r t i e s  w i l l  
be based on Lawrence Livermore Laboratory's  computer 
program BPROP2, Brine s a t u r a t e d  vapor p r o p e r t i e s  w i l l  
be obta ined  by us ing  the  b r ine  sa tura t ion  p res su re  
c o e f f i c i e n t  given i n  the computer ou tput  t a b l e  and t h e  
ASME Steam Tables ( 3 ,  c) .  

0 Production wellbottom temperature  w i l l  be 500F 
dec l in ing  l i n e a r l y  by IEIF i n  30 years. P l a n t  des ign  
w i l l  be based on 482F (2 ,  3, c,  d) . 

e Total d i s so lved  s o l i d s  concent ra t ion  of t h e  b r i n e  a t  
t h e  wellbottom w i l l  be 20% and w i l l  remain cons t an t  
over t h e  p l a n t  lifetime ( z ! ,  3.  b, c ,  a). 

0 E n t h a l p y  of t h e  saturat.ed l i q u i d  b r ine  w i l l  be 
389.4 B t u / l b  a t  a temperature  of 482F and 20% s o l i d s  
concen t r a t ion  (2, d) . 

e Wellhead pressure w i l l  be 150 psig,  remaining cons t an t  
over  a 30-year l i f e  (2, 3, b, c# d ) ,  

e Noncondensible gas  c o n t e n t  will be 0.5 weight-percent 
of the  t o t a l  b r i n e  flow (2, 3, 7, b, c, d) - 
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0 Noncondensible gas  composition W i l l  be a s  fo l lows  (2,  
3, b, c, d ) :  

Percent  by volume 

Carbon d ioxide  
Methane 
Nitrogen 
Hydrogen 
Hydrogen s u l f i d e  

98.47 
0 .81  
0.09 
0.62 

820 ppm 

e Production w e l l  cos t  w i l l  be $300,000 each for 4000 f t  
wells inc lud ing  d r i l l i n g  costs (3, b) . 

e It i s  assumed t h a t  t h e  b r i n e  w i l l  be e i t h e r  a c i d i f i e d  
for scale c o n t r o l  a t  e n t r y  t o  t h e  power p l a n t  and 
n e u t r a l i z e d  as it leaves the p l a n t  s i t e  or unmodified 
and t h e  p l a n t  p e r i o d i c a l l y  s h u t  down for  s c a l e  removal 
and c l ean ing  (6, a ) .  

0 open s t o r a g e  t a n k s ,  having a t o t a l  s t o r a g e  capacity of 
approximately 6 0 , 0 0 0  ga l lons ,  w i l l  be provided a t  the  
s i t e  fo r  w e l l  s t a r t u p  and emergency discharge.  They 
will have d r a i n  pumps for emptying t o  the  i n j e c t i o n  
l i n e  (3 ,  b). 

3.1-2 

0 

e 

Brine I n j e c t i o n  

Two i n j e c t i o n  temperature  cases w i l l  be s tudied ,  They 
are no minimum temperature l i m i t  and minimum temper- 
a t u r e  of 300F (1, 3, a, b). 

P res su re  r equ i r ed  a t  des ign  f l o w  r a t e  w i l l  be 400 p s i g  
corresponding t o  the  no minimum i n j e c t i o n  temperature  
case and 465 p s i g  corresponding t o  t h e  300F minimum 
i n j e c t i o n  temperature case (2, 7, a ,  b) . 

e For both cases, t h e  des ign  f low ra te  fo r  each 
i n j e c t i o n  w e l l  w i l l  be 600,000 lb/hr and w i l l  remain 
cons t an t  over a 30-year l i f e  / 2 ,  3 ,  b) .  

0 Acidi f ied  b r i n e  w i l l  be n e u t r a l i z e d  p r i o r  t o  
i n j e c t i o n ,  and b r i n e  from t h e  no minimum i n j e c t i o n  
temperature  cases w i l l  have a diked solids se t t l emen t  
pond (2 ,  3 ,  a, b, c ) .  

The i n j e c t i o n  w e l l  system w i l l  i nc lude  t h e  i n j e c t i o n  
w e l l s ,  i n s u l a t e d  b r i n e  headers from the  power p l a n t  
boundary, and wellhead equipment inc luding  c o n t r o l s  
(3, 6, a, b) 

I 
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3.1.3 

0 

0 

0 

I n j e c t i o n  l i n e s  from the power p l a n t  boundary t o  t h e  
i n j e c t i o n  w e l l s  w i l l  be above ground and w i l l  be 
s u i t a b l y  i n s u l a t e d  and pro tec ted  ( 3 ,  6,  a ,  b) . 
Brine i n j e c t i o n  w i l l  be from a n  i n j e c t i o n  w e l l  i s l a n d ,  
which w i l l  be l o c a t e d  near  Gentry Road approximately 
2,500 f t  east of the p o w e r  p l a n t  ( 1 ,  6 ,  b) . 
Spare i n j e c t i o n  w e l l s  having 20% of t h e  p l a n t  f l o w  
c a p a c i t y  w i l l  be provided (2, 3 ,  b). 

The number of i n j e c t i o n  wells t o  be used w i l l  be 
s e l e c t e d  according t o  i n d i v i d u a l  p l a n t  requirements  
(6, b) 

I n j e c t i o n  w e l l  cost  w i l l  he $200,000 each fo r  1500 t o  
1800 f t ,  i nc lud ing  d r i l l i n g  costs ( 3 ,  b) . 

Water Systems 

Plan t  design w i l l  be based on a w e t  bu lb  temperature  
of 79F (1; a ) .  

Steam condensate w i l l  be used as t h e  main source of 
cool ing  tower makeup (1, E L )  . 
Addi t iona l  makeup w i l l  be assumed t o  be f r e s h  w a t e r ,  
which w i l l  be avai lable  a t  t h e  i n d u s t r i a l  r a t e  of 
$3.50 p e r  a c r e - f t  (1,  a ) .  

Cooling water blowdown w i l l  be discharged t o  t h e  
Sa l ton  Sea (3, a), (Blowdown p ip ing  will be shown and 
i t s  cost es t imated  only t o  the  power p l a n t  boundary.) 

The blowdown e f f l u e n t  p re s su re  a t  t h e  power p l a n t  site 
boundary w i l l  be 65 ps i a  (3, f). 

Since  condensate is  used a s  coo l ing  tower makeup, o n l y  
a minimum amount of blowdown w i l l  r e s u l t .  Thus, no 
t rea tment  of the  blowdown i s  assumed (3, a) .  

3.1.4 Electrical  

0 The p o w e r  p l a n t  electrical  system will provide power 
t o  t h e  local u t i l i t y  compny 's  e x i s t i n g  92  kV n e t w o r k  
under base load  cond i t ions  (6 ,  a ) .  
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3.1.5 
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3 .1.6 

e 

0 

0 

3.1.7 

e 

Electrical  t ransmiss ion  l i n e s  o u t s i d e  t h e  power p l a n t  
s i t e  boundary w i l l  no t  be inc luded  i n  the  s t u d i e s  (6,  
a) - 

I n s t i t u t i o n a l  

Equipment w i l l  be f a b r i c a t e d  and i n s t a l l e d  i n  
accordance w i t h  a p p l i c a b l e  codes and s t anda rds  t h a t  
are accepted i n  t h e  power p l a n t  i n d u s t r y  (6 ,  a ) .  

Standard power p l a n t  design p r a c t i c e  w i l l  be followed 
i n  t h e  s e l e c t i o n  and arrangement of p o w e r  p l a n t  
equipment (6, a ) .  

Sa fe ty  a s p e c t s  w i l l  be cons idered  so  t h a t  equipment 
can be opera ted  s a f e l y  when normal i n d u s t r i a l  
p recau t ions  are enforced (6 ,  a). 

Environmental  C o n s i d e r a t i o n s  

Heat emission by evapora t ion  from a cool ing  tower i n t o  
t h e  atmosphere w i l l  be accep tab le  (1, 3,  e, f ) .  

I n  order t o  meet the a i r  q u a l i t y  s tandard  f o r  hydrogen 
s u l f i d e  emission, noncondensible gases w i l l  be t reated 
by the  S t r e t f o r d  process  (3, e, f ) .  

The hydrogen s u l f i d e  ambient a i r  q u a l i t y  s t anda rd  of 
30 ppb w i l l  no t  be exceeded a t  the  p o w e r  p l a n t  
boundary (7, a) .  

Hydrogen s u l f i d e  emissions from the cool ing tower w i l l  
be acceptab le  (7,  a)  . 
Possible induced s e i s m i c i t y  w i l l  n o t  be considered i n  
t h i s  s tudy  (6, a ) .  

Brine Treatment P r i o r  t o  I n j e c t i o n  

Brine flow i n t o  t he  s e t t l i n g  pond w i l l  have 140 ppm of 
suspended so l id s ,  and b r i n e  from t h e  pond w i l l  have 40 
ppm of suspended so l ids  (7, b, c ) .  

s ludge a t  t h e  bottom of the  pond w i l l  be dewatered i n  
a c e n t r i f u g e  a t  t h e  r a t e  of 500 l b  of  so l id s  per  
m i l l i o n  lb of b r i n e  (7,  c) . 

3- 6 



e 

e 

3.1.8 

e 

0 

e 

e 

0 

3.2 

3.2.1 

e 

e 

e 

0 

C o s t  of haul ing t h e  sludge w i l l  be $lO/ton ( 1  , a) .  

Feed t o  the c e n t r i f u g e  w i l l  have 16% by weight of 
s o l i d s ,  and cake d i scha rge  from t h e  c e n t r i f u g e  w i l l  
havrz 50% .by weight of s o l i d s  f o r  haul ing (7,  c) . 
Brine sludge from t h e  s e t t l i n g  pond and waste 
d ischarge  from t h e  S t r e t f o r d  process  w i l l  be hauled t o  
a l o c a l l y  acceptab le  d i s p o s a l  site. 

scale Cleaninq 

P l a n t  ope ra t ion  t i m e  between c leaning  w i l l  be 
1000 hours  (78 a) .  

To ta l  downtime r equ i r ed  for c leaning  the p l a n t  w i l l  be 
t w o  w e e k s  (7 ,  a) . 
Fixed costs for  scale cl.eaning, which i n c l u d e  t h e  
subcon t rac t  l a b o r  c o s t  f o r  c leaning ,  will be $7,500 
f o r  the two-week per iod  ( 7 ' 8  a) 

Variable  costs f o r  scale cleaning,  which inc lude  t h e  
cost  of chemicals dur ing  each c leaning  per iod  a t  GLEF, 
W i l l  be $7,500 (7, a) .  

For t h e  conceptual  power p l an t s ,  the variable c o s t s  
r equ i r ed  f o r  c l ean ing  w i . 1 1  be prorated from t h e  GLEF 
v a r i a b l e  cost  based on the! area exposed t o  b r i n e  (7, 
a) 

DES IGN PARAMETERS 

Mechanical 

Power p l a n t s  w i l l  be designed f o r  a 30-year l i f e  
( 3 0  a ) ,  

P l a n t s  w i l l  be designed f a r  base l o a d  ope ra t ion  wi th  a 
cons t an t  power ou tpu t  of 50 MWe (ne t )  (3 ,  a) .  

Basic p l a n t  capac i ty  f a c t o r  w i l l  be 85 percent.  T i m e  
r equ i r ed  for scale clean,ing, beyond that allowed for 
o t h e r  maintenance, w i l l  reduce -the 
f a c t o r  below 85 percent  (38 e, f ) .  

Cooling tower o u t l e t  water temperature  
f )  

p l a n t  c a p a c i t y  

w i l l  be  87F ( 3 ,  
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3.2.2 

8 

Cooling towers w i l l  be mechanically induced d r a f t  
evapora t ive  type  (3 ,  e ,  f). 

Redundancy w i l l  be provided f o r  t h e  i n j e c t i o n  pumps by 
using t w o  pumps a t  100% capac i ty  (7, a ) .  

P ip ing  i n s u l a t i o n  w i l l  be calcium s i l i c a t e  with canvas 
j acke t ing  f o r  indoor  p ip ing  (3. e. f ) ,  

Auxi l ia ry  Systems 

The fol lowing s y s t e m s  w i l l  be inc luded  i n  a l l  s tud ie s .  
The leve l  of des ign  d e t a i l  w i l l  be l i m i t e d  t o  t h a t  
necessary  t o  support  t h e  o v e r a l l  conceptual  design and 
cost e s t ima t ing  work (6,  a)  : 

- Brine a c i d i f i c a t i o n  s y s t e m  ( a c i d i f i c a t i o n  
cases only) - E f f l u e n t  t rea tment  system (no minimum 
i n j e c t i o n  temperature cases only) 

- F i r e f i g h t i n g  systems - Heating and v e n t i l a t i o n  system 
- Instrument and s e r v i c e  a i r  supply s y s t e m  - Turbine bu i ld ing  c rane  
- Cooling water t r ea tmen t  s y s t e m  

3.2.3 - C i v i l  / S t r u c t u r a l  

Accepted power p l a n t  engineer ing  p r a c t i c e s  and design s t anda rds  

w i l l  be followed t o  e s t ab l i sh  a t e c h n i c a l l y  sound 

c i v i l / s t r u c t u r a l  design. 

a The s i t e  i s  p r e s e n t l y  used f o r  a g r i c u l t u r a l  purposes, 
t h e r e f o r e  only minimal c l e a r i n g  will be requi red  (6, 
a )  - 

a S o i l  s u i t a b l e  f o r  any f i l l  requirements w i l l  be 
a v a i l a b l e  on s i te  (6,  a ) .  

a with f l a t  topography I only minimal gene ra l  excavat ion 
and grading w i l l  be necessary (6, a ) .  

a Water t a b l e  w i l l  be 2 f t  below grade (6,  b) . 
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0 Allowable so i l -bea r ing  pressure w i l l  be 1500 psf (7 ,  
a)  

0 A l l  foundat ions w i l l  be of the spread f o o t i n g  t y p e  
without  p i l i n g  (7 ,  e, f ) .  

e Exis t ing  roads ad jacen t  t o  t h e  s i t e  w i l l  be capable  of 
suppor t ing  t r a n s p o r t a t i o n  of heavy equipment (6, a) . 

0 Turbine bu i ld ing  w i l l  be r e c t a n g u l a r  and cons t ruc t ed  
of s t r u c t u r a l  s teel  w i t h  metal s i d i n g  and  roof. Floor 
s l ab  a t  grade w i l l  be provided. The tu rb ine  genera tor  
will be supported by r e i n f o r c e d  conc re t e  p e d e s t a l  w i t h  
elevated access deck(6 ,  f ) .  

Control  room w i l l  be s u i t a b l y  cons t ruc ted  t o  conform 
t o  safe ty  requirements  (6, f ) .  

Cooling tower w i l l  c o n s i s t  of a r e in fo rced  conc re t e  
b a s i n  and wooden s t r u c t u r e  w i t h  f i l l  (6, f). 

Onsi te  access road from e x i s t i n g  road t o  p o w e r  p l a n t  
s i t e  w i l l  be provided ( 6 ,  a ) .  

Addit ional  f a c i l i t i e s  such as sewage system and 
s e c u r i t y  w i l l  be provided ( 3 ,  a ) ,  

3.2. 4 Electr ical  Systems 

The power p l a n t  e lectr ical  systems w i l l  provide power t o  t h e  

l o c a l  u t i l i t y  companyas ex is t ing  92  kV n e t w o r k  and the  p l a n t  

a u x i l i a r y  l o a d s  dur ing  normal opera t ion .  Power fo r  s t a r t u p  w i l l  

be  suppl ied from t h e  92  kV network. The e lectr ical  s y s t e m  w i l l  

c o n s i s t  of a t  l eas t  t h e  following: 

e Main Generation System. This  will i nc lude  the  main 
13.8 kV genera tor  u n i t ,  gene ra to r  breaker ,  and t h e  
main t ransformer which s t e p s  up t o  t h e  92 kV system 

Generator w i l l  be s i zed  t o  supply the n e t  e lectr ic  
power p l u s  a u x i l i a r y  e lec t r ic  power requirements. The 
genera tor  w i l l  be hydrogen cooled ( 3 ,  e ,  f )  . 

(1, e, f ) .  

a Auxi l ia ry  Electric System!. T h i s  w i l l  i nc lude  t h e  
a u x i l i a r y  t ransformer  arid i t s  supply breaker, t h e  
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4.16 kV and 480 v o l t  subsystems, a s tandby diesel  
gene ra to r  (for emergency power only) ,  bat ter ies  and dc 
sys tems,  a l i g h t i n g  system, and a communication system 
(3 ,  e. f )  . 
Eff i c i ency  of e lectr ic  motors w i l l  be 92% (3, e, f ) .  

P l a n t - U t i l i t y  I n t e r f a c e  System. This  w i l l  i nc lude  t h e  
switchyard and suppor t s  fo r  the t ransmiss ion  l i n e s  t o  
the  p l a n t  s i t e  boundary (3, e, f ) .  

3.2.5 Contro ls  and Ins t rumenta t ion  

Control  and in s t rumen ta t ion  systems w i l l  be def ined  on ly  t o  t h e  

e x t e n t  necessary t o  suppor t  t h e  c o s t  estimates. The c o n t r o l  and  

in s t rumen ta t ion  requirements  w i l l  i nc lude  the following: 

e Provide e f f i c i e n t ,  re l iable  ope ra t ion  from a c e n t r a l  
c o n t r o l  room t o  minimize ope ra to r  requirements  and t o  
allow remote r o u t i n e  s t a r t u p  and shutdown of t h e  p l a n t  
( 3 ,  e ,  f ) -  

e U s e  independent t r i p  systems and redundant p r o t e c t i o n  
systems for personnel  and equipment s a f e t y  ( 3 ,  e ,  f )  . 

3.2.6 

Inc lude  a minicomputer for data logging and sequence 
of events  record ing  (3 ,  e,  f ) .  

use an  annunciator  system for  alarm monitoring (3 ,  e, 
f) 0 

Provide no e x t r a  ins t rumenta t ion  f o r  experimental  
t e s t i n g  of processes  (6, e, f ) .  

- Mate r i a l s  

The ma te r i a l  s e l e c t i o n s  and cor ros ion  allowances l i s t e d  are based 

on t h e  best avai lable  GLEF d a t a ,  which con ta in  cons iderable  

u n c e r t a i n t y  and gaps. Nevertheless, t h e  information provides  a 
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common b a s i s  f o r  the pre l iminary  eva lua t ion  of t h e  conceptua l  

designs,  

e The fo l lowing  materials w i l l  be used fo r  p ip ing  and 
equipment i n  c o n t a c t  w i t h  a c i d i f i e d  b r i n e  (pH (5) .  
For temperature  g r e a t e r  t han  l50C (302F), Haste l loy  
C-276 l i n e r s  or  1 C r  1/2 Mo a l l o y  s tee l  (or 
equ iva len t )  w i t h  a co r ros ion  allowance of 1/2 i n ,  w i l l  
be used, For temperature  l e s s  than 150 C (302F), 
1 C r  1/2 Mo a l l o y  s teel  (or equiva len t )  w i t h  co r ros ion  
allowance of 1/2 in.  w i l l  be used ( 7 ,  c) , 

3.2.7 

The a c i d i f i c a t i o n  mixing s e c t i o n  i n  t h e  b r i n e  supply 
l i n e  w i l l  be 10 t i m e s  t h e  pipe diameter i n  l e n g t h  and 
w i l l  be made of carbon s tee l  w i t h  a tantalum o r  
zirconium l i n i n g .  The l i n i n g  w i l l  have a minimum 
th i ckness  of 0,060 i n ,  (7, c) ,  

The fol lowing materials w i l l  be used f o r  p ip ing  and 
equipment i n  c o n t a c t  w i t h  unmodified b r ine  (pH > 5 )  , 
From production w e l l s  to first f l a s h  vessel (or 
s e p a r a t o r ) ,  carbon steel  w i t h  1/4 i n .  cor ros ion  
allowance w i l l  be used, From f i r s t  f l a s h  vessel (or 
s e p a r a t o r )  t o  i n j e c t i o n  w e l l s ,  carbon s tee l  w i t h  
5/8 in .  co r ros ion  allowarice w i l l  be used (7,  c, e, 
f) 

Scale Buildup 

The s c a l e  bui ldup  ra tes  l i s t e d  h e r e  a re  based on t h e  best 

a v a i l a b l e  GLEF data , which con ta in  cons ide rab le  unce r t a in ty ,  

Nevertheless,  t h e  fol lowing information provides  a common basis 

f o r  the pre l iminary  eva lua t ion  of  t.he conceptual  design. Scale 

i s  assumed t o  b u i l d  up and then  t o  be removed by cleaning,  The 

scale bui ldup ra tes  associated wi th  a c i d i f i e d  b r i n e  i n  t h e  power 

p l a n t  i s  assumed t o  be neg l ig ib l e .  

e For product ion l i n e s ,  which always carry unmodified 
br ine,  a scale bui ldup  rat.e of 70  mils/year i s  assumed 
( 7 ,  a -  
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e For power p l a n t  l i n e s ,  1 mil/hour scale bu i ldup  r a t e  
w i t h  unmodified b r i n e  i n  the power p l a n t  i s  assumed. 
With a c i d i f i e d  b r i n e  i n  t h e  power p l a n t ,  t h e  scale 
bu i ldup  w i l l  be n e g l i g i b l e  (7, c) . 

0 For i n j e c t i o n  l i n e s ,  100 mi ls /year  s c a l e  bui ldup  for 
no minimum i n j e c t i o n  temperature  cases i s  assumed. 
For 300F i n j e c t i o n  t empera tu re  cases, 1 mil lhour  f o r  
f irst  150 meters (500 f t )  f r o m  the power p l a n t  i s  
assumedp then  a l i n e a r  d e c l i n e  i s  assumed t o  
-0.1 mil/hour a t  t h e  i n j e c t i o n  wells (750 meters 
(2500 f t )  from t h e  power p l a n t )  (7,  c) . These rates 
a r e  a p p l i c a b l e  w i t h  both unmodifed and a c i d i f i e d  b r i n e  
cases, s i n c e  it i s  assumed t h a t  the i n j e c t i o n  l i n e  
always carries n e u t r a l i z e d  br ine.  

3-12 



S e c t i o n  4 

FLASHED STEAM PROCESS 

4 . 1  CONCEPTUAL DESIGN 

T h i s  s e c t i o n  describes t h e  conceptua l  des ign  of a 50 M W e  ( n e t )  

flashed steam power p l a n t  based on the i n t e r f a c e  and des ign  

parameters  de f ined  i n  S e c t i o n  3. Five des ign  cases are  

considered. This  concep tua l  des ign  d e s c r i p t i o n  is t h e n  followed 

by cap i t a l  and energy product ion  cost  e s t i m a t e s  f o r  the f i v e  

cases .  

4 . 1 . 1  Tradeoff Analyses 

The fo l lowing  t r a d e o f f  s t u d i e s  w e r e  conducted t o  a i d  i n  

fo rmula t ing  t h e  conceptua l  design. 

Number of F lash  Staqes. C a l c u l a t i o n s  were performed t o  es tab l i sh  

t h e  number of f l a s h  s t a g e s  t h a t  can be economical ly  u t i l i z e d  t o  

produce steam f o r  the t u r b i n e  . These c a l c u l a t i o n s  i n d i c a t e d  t h a t  

t h e  specific n e t  ou tpu t  as  a f u n c t i o n  of number of f l a s h  s t a g e s  

is  as follows: 

Number of 
F l a s h  Staqes 

1 

2 

3 

S p e c i f i c  N e t  Output 
(Wh/ l b  br i n e l  INor malized) 

6,,61 1.00 

8-30 1.26 

9,. 08 1.37 
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The turb ine-genera tor  and i t s  associated c o n t r o l  valves fo r  a 

two-stage f l a s h  p l a n t  r e p r e s e n t  a s i g n i f i c a n t  po r t ion  (35 

percent)  of t h e  p l a n t  c a p i t a l  cost. With t he  th ree - s t age  f l a s h  

steam process, t h e  c o s t  of t h e  t u r b i n e  w i l l  i n c r e a s e  s ign i -  

f i c a n t l y  due t o  a d d i t i o n a l  steam c o n t r o l  va lves  and inc reased  

s i z e  of cas ing  t o  accommodate t h e  t h i r d  f l a s h e d  steam admission. 

I n  add i t ion ,  t h e  cost  of p ip ing  and vessels associated wi th  t h e  

t h i r d  f l a s h  w i l l  a l so  be s i g n i f i c a n t ,  I t  was judged t h a t  t h e  

performance improvement of 9 pe rcen t  f o r  t h e  three-s tage  f l a s h  

process  over t h e  two-stage f l a s h  process  would not  j u s t i f y  t h e  

added c a p i t a l  cost. Hence,, a two-stage f l a s h  p l a n t  was selected 

f o r  the study. 

-- Steam Cleaninq Method. Two a l t e r n a t i v e  steam c leaning  methods 

were considered f o r  t h i s  app l i ca t ion :  

0 M i s t  e l imina tor - type  scrubbers 

e Hutchinson scrubbers  tha t  are being used i n  the GLEF 

Both  scrubbers produce dry  s a t u r a t e d  steam. The f l a s h  vessel 

w i t h  mist e l imina tor - type  scrubbers, ,  which i s  compact and 

marginal ly  less  expensive t h a n  t h e  Hutchinson scrubber, has been 

selected f o r  t h i s  study. However , s i n c e  performance parameters 

have n o t  y e t  been e s t a b l i s h e d  conclus ive ly  f o r  t h e  Hutchinson 

scrubbers  being used i n  the GLEF, f i n a l  s e l e c t i o n  of the scrubber  

should be made a f t e r  t h e  r e l a t i v e  performance of these scrubbers 

has been established. Furthermore, t h e  overall  cost  and 

performance of the power p l a n t  w i l l  no t  be s i g n i f i c a n t l y  
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d i f f e r e n t  using e i ther  t h e  Hutchinson or m i s t  e l imina tor - type  

scrubber  . 

Type of Condenser. Both su r face  and direc- c o n t a c t  condensers 

were considered for t h i s  appl ica t ion , .  I n  a su r face  condenser, 

t h e  q u a n t i t y  of noncondensible gases d i s so lved  i n  t h e  condensate 

will be nea r ly  zero ,  s i n c e  t h e  condensate i s  a t  i t s  b o i l i n g  

point.  I n  a d i rec t  con tac t  condenser, t h e  condensate i s  a t  a 

temperature  less t h a n  t h e  b o i l i n g  poin t ,  and t h e  t o t a l  q u a n t i t y  

of water i n  c o n t a c t  w i th  t he  gases  i s  about  30 times the  q u a n t i t y  

of condensate i n  t h e  s u r f a c e  condenser. Hence, a s i g n i f i c a n t  

amount of gases could be carried o u t  o f  t h e  condenser i n t o  t h e  

coo l ing  towers. Therefore,  a sur face  type condenser has been 

selected f o r  this study. 

gydroqen S u l f i d e  Abatement System. Noncondensible gases  c o n s i s t  

p r imar i ly  of carbon d ioxide  w i t h  820 ppm by volume of  hydrogen 

s u l f i d e .  Two p o s s i b l e  ways of handling the  noncondensible gases  

have been studied:  

Using the Stretford process t o  recover  the s u l f u r  
and d ischarg ing  the  t a d 1  g a s  without  any 
appreciable amount of hydrogen s u l f i d e  

Compressing t h e  noncondensible gases  and i n j e c t i n g  
them w i t h  the b r i n e  back i n t o  t h e  ground 

The Stretford process has  been selected because, a l though both 

approaches meet t h e  emission and ambient requirements f o r  

hydrogen s u l f i d e ,  t h e  S t r e t f o r d  process  r e s u l t s  i n  about  6 

percent  lower overa l l  p l a n t  energry cost  compared t o  gas 
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compression f o r  i n j e c t i o n .  The l e v e l i z e d  c a p i t a l  and ope ra t ing  

cost f o r  t h e  S t re t ford  process  i s  approximately 1.35 m i l l s / k W h .  

T h i s  is approximately 3.0 percent  of t h e  p l a n t  t o t a l  energy cost. 

However, a compressor r equ i r ed  for compressing t h e  noncondensible 

gases would consume approximately 3,400 kW of power and 

c o n t r i b u t e  7 percen t  of t h e  p l an t  c a p i t a l  cost. Based on t h i s ,  

t he  energy cos t  would i n c r e a s e  by about 9 percent  compared t o  3 

percent  for  t h e  S t r e t f o r d  process, Hence, the S t r e t f o r d  process  

has  been selected for  hydrogen s u l f i d e  abatement. 

4.1.2 Cases Studied  

Five conceptual  des ign  cases were considered i n  this study: 

0 Unmodified b r ine ,  no minimum i n j e c t i o n  temperature ,  
w i t h  redundant f l a s h  vessels 

0 Unmodified br ine ,  no m i n i m u m  i n j e c t i o n  temperature 

0 Acid i f i ed  b r i n e ,  no minimum i n j e c t i o n  temperature  

8 Unmodified b r ine ,  300F minimum i n j e c t i o n  
temperature 

e A c i d i f i e d  br ine ,  300F minimum i n j e c t i o n  temperature 

N o  Minimum I n j e c t i o n  Temperature Cases. Energy a v a i l a b l e  i n  t h e  

geothermal b r i n e  fo r  power genera t ion  i s  propor t iona l  t o  t h e  

d i f f e r e n c e  i n  temperature between downhole b r i n e  and i n j e c t i o n  

brine.  I n  t h i s  case, t h e  i n j e c t i o n  temperature of t h e  br ine  has 

been decreased a s  l o w  as  p r a c t i c a b l e  t o  o b t a i n  t h e  most e f f i c i en t  

energy u s e  from t h e  brine.  
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A s e t t l i n g  pond fo r  a two-hour r e t e n t i o n  time has been incorpo-  

r a t e d  t o  minimize t h e  s c a l i n g  of t h e  i n j e c t i o n  system. The 

s c a l i n g  i n  t h e  power p l a n t  due t o  br.ine can be reduced s i g n i -  

f i c a n t l y  by lowering t h e  b r i n e  pH t o  below 4.3 .  T h i s  i s  

accomplished by i n j e c t i n g  hydrochlor.ic acid i n t o  t h e  brine. Both 

unmodified and a c i d i f i e d  b r i n e  cases with no minimum l i m i t  on t h e  

i n j e c t i o n  temperature  have been studied. A second unmodified 

b r i n e  case  w i t h  redundaqt f l a s h  vessels t o  allow c lean ing  of 

scale without  p l a n t  shutdown w a s  a l so  considered. When 

a c i d i f i c a t i o n  i s  used, t h e  b r i n e  i s  n e u t r a l i z e d  by t r e a t i n g  it 

w i t h  c a u s t i c  i n  t h e  d r a i n  l i n e  between t h e  second-stage f l a s h  

vessels and t h e  s e t t l i n g  pond. 

300F Minimum I n j e c t i o n  Temperature Cases. Sca l ing  of t h e  

i n j e c t i o n  system is  minimized i f  t h e  i n j e c t e d  b r i n e  temperature  

i s  300F or  more. Hence, a minimum br ine  i n j e c t i o n  temperature  of 

300F was set. The spent  b r i n e  i s  i n j e c t e d  without  s e t t l i n g  i n  

t h e  pond. A c i d i f i c a t i o n  of t h e  b r i n e  in .  t h e  power p l a n t  w i l l  

reduce t h e  s c a l i n g  of the power p;Lant equipment s i g n i f i c a n t l y ,  

Therefore,  both unmodified and a c i d i f i e d  b r i n e  cases w i t h  300F 

minimum i n j e c t i o n  temperature  w e r e  s tud ied .  When t h e  b r i n e  i s  

ac id i f ied ,  it is n e u t r a l i z e d  by t r e a t i n g  it w i t h  c a u s t i c  i n  t h e  

d r a i n  l i n e  a f t e r  the second-stage f l a s h  vessels. 
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4- 1.3 Enerqy Conversion Processes 

The dua l - f lash  energy conversion processes  developed f o r  t h e  no 

minimum i n j e c t i o n  temperature  and 300F minimum i n j e c t i o n  

temperature cases are  i l l u s t r a t e d  by t h e  c y c l e  diagrams shown i n  

F igu res  4-1 and 4-2 # r e spec t ive ly .  Since b r i n e  a c i d i f i c a t i o n  

does not  a f f e c t  t h e  cyc le ,  each diagram r e p r e s e n t s  both t h e  

unmodified and a c i d i f i e d  b r i n e  cases. 

The optimum f l a s h e d  steam temperatures  have been found t o  be a t  

approximately equa l  i n t e r v a l s  between the downhole temperature  

and the condenser temperature.  These temperatures  have been used 

i n  s e l e c t i n g  t h e  f l a s h e d  steam cond i t ions  f o r  t h e s e  cycles .  For 

t h e  no minimum i n j e c t i o n  temperature  cases, the  E i r s t - s t a g e  f l a s h  

pressure  i s  s e t  a t  130 p s i a  wi th  t h e  b r i n e  a t  363F, producing dry 

s a t u r a t e d  steam a t  347.7F. The second-stage f l a s h  p re s su re  i s  

se t  a t  21 p s i a  wi th  b r i n e  a t  244F, r e s u l t i n g  i n  d r y  s a t u r a t e d  

steam a t  230.6F. In t roduc t ion  of  t h e  wash water f o r  scrubbing 

t h e  steam r e s u l t s  i n  d e s u p r h e a t i n g  the steam to t h e  d r y  

s a t u r a t e d  condi t ions.  

I n  t h e  300F minimum i n j e c t i o n  temperature cycle ,  t h e  f i r s t - s t a g e  

f l a s h  p re s su re  is  set  a t  130 p s i a  w i t h  b r i n e  a t  363F, and d ry  

s a t u r a t e d  steam a t  347.4F i s  produced. The second-stage f l a s h  

pressure i s  53 p s i a  with b r i n e  a t  300F, r e s u l t i n g  i n  dry 

s a t u r a t e d  steam a t  285F. F i r s t - s t a g e  c o n d i t i o n s  f o r  t h i s  c y c l e  

are  the same as  for t h e  no minimum i n j e c t i o n  temperature case, 

because t h e r e  i s  only  a 34.7 p s i  p r e s s u r e  d i f f e r e n c e  between t h e  
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w e l l  head p res su re  of 164-7  p s i a  and t h e  f i r s t - s t a g e  p res su re  of 

130 psia .  T h i s  p re s su re  d i f f e r e n c e  is requi red  t o  handle  t he  

pressure  drops  encountered i n  t h e  b r i n e  product ion l i n e s  and 

c o n t r o l  valves .  Hence, f i r s t - s t a g e  pressure  cannot  be inc reased  

f u r t h e r  without  s i g n i f i c a n t l y  i n c r e a s i n g  the  product ion l i n e  

size. 

Flow D i a q r a m s .  H e a t  and mass balances  have been carried o u t  fo r  

a n e t  ou tput  of 50  M W e  and the Idownhole b r ine  temperature  of 

482F, which occurs  a t  year 30, Figure 4-3 (Drawing M-100-A) 

shows t h e  major equipment, the as soc ia t ed  f l o w  rates,  and 

thermodynamic cond i t ions  f o r  t h e  case  of no minimum i n j e c t i o n  

t e m p r a t u r e ,  Figure 4-4 (Drawing M-100-B) shows t h e  same f o r  t h e  

case of  300F minimum i n j e c t i o n  temperature. The h e a t  and mass 

balance is  n o t  s i g n i f i c a n t l y  a f f e c t e d  by the a c i d i f i c a t i o n  of t he  

b r i n e  t o  minimize t h e  s c a l i n g  i n  t h e  power p l a n t  equipment. 

P l a n t  Performance. Table 4- 1 shows the  performance parameters 

for the cases studied. The ef f lect  of l i m i t i n g  the brine  

i n j e c t i o n  temperature t o  300F r e s u l t s  i n  an approximately 8 

percent  decrease i n  specific ne t  output.  The turbine-generator  

performance i s  based on t e c h n i c a l  and commercial informat ion  

ob ta ined  from f o u r  vendors; E l l i o t t  Company, General Electric 

Company, M i  t s u b i  s h i  I n t e r n a t i o n a l  Corp- , and Toshiba 

I n t e r n a t i o n a l  Corp, Both t h e  primary and secondary i s e n t r o p i c  

expansion e f f i c i e n c i e s  of t he  t u r b i n e ,  a s  obtained from t h e  

vendors, a r e  reasonably close (wi th in  3 percen t  v a r i a t i o n )  and  

o v e r a l l  e f f i c i e n c i e s  are  w i t h i n  a v a r i a t i o n  of 2 percent ,  The 
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TABLE 4-1 

PLANT PERFORMANCE PARAMETERS 

50 MWe (NET) DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, NILAND, CALIFORNIA 

N e t  E lec t r ic  Power Output,  kW 

A u x i l i a r y  Power, kid 

Gross Elec t r ic  Power Output,  kld 

Br ine  Flow Rate,  l o6  l b / h r  

Down Hole Temperature, F 

S p e c i f i c  N e t  O u t p u t ,  Wh/lb Brine 

Net Br ine  Rate, l b  Brine/kWh 

Turbine Generator  E f f i c i e n c i e s ,  Z 

I s e n t r o p i c  Expansion, Primary 

I s e n t r o p i c  Expansion, Secondary 

Mechanical 

E l e c t r i c a l  

Capaci ty  F a c t o r ,  % 

No Min. I n j e c t i o n  
Temperature L i m i t  

Unmodif iec 
Br ine  

50,000 

6,610 

56,610 

5.62 

482 

8.897 

112.39 

81.60 

79.08 

99.10 

98.30 

a )  85(') 

b )  7 1  

Acid i f ied  
Brine 

50,000 

6,610 

56,610 

5.62 

482 

8.897 

112.39 

81.60 

79.08 

99.10 

98.30 

85 

300F Min. I n j  ec t ion  
Temperature L i m i t  

Unmod i f  ed 
R r  i n e  

50,000 

7,110 

57,110 

6.09 

482 

8.207 

121.85 

81.60 

79.08 

99.10 

98.30 

7 1  

A c i d i f i e d  
Br ine  

~ 

50,000 

7,110 

57,110 

6.09 

482 

8.207 

121.85 

81.60 

79.08 

99.10 

98.30 

7 1  

Note: (1) 85% c a p a c i t y  f a c t o r  corresponds t o  t h r e e  50% c a p a c i t y  f l a s h  
v e s s e l  t r a i n s .  (Redundant F lash  Vessel Case) 
71% c a p a c i t y  f a c t o r  corresponds t o  two 50% c a p a c i t y  f l a s h  
vessel t r a i n s .  (No Redundant F lash  Vessel Case) 

4-10 

/- 



I 

>MINE IN 

T A N K  

I I 

T- ZB 
ID 

I I I I P-z 
4 

P A  
I - 7  

0 R  I N E J  E L  TI O d  
PUMP 

Q ce - __ .. 
DlRPLT LONTACT CIRCULATING 
INTER CONDtN5tR WATER PUMP 

FIGURE 4-3 

I SIZE E 

SAN DlEGO GAS 8 ELECTRIC COMPANY 
50MWe(NET) SALTON GEOTHERMAL SEA KGRA CALIFORNIA POWER PLANT 

DUAL FLASH FLOW DIAGRAM 
3RINE INJECTION TEMPERATURE NO M I N )  

I 



c I 
I 

-f
 

I 
I 

0
 

I
 

n
 

0
 

m
 

n
 



e f f i c i e n c i e s  fu rn i shed  by Toshiba have been used i n  t h e  

c a l c u l a t i o n  of h e a t  and mass balance,  s i n c e  they  f a l l  close t o  

t h e  median od t h e  four  vendors' values. For the purposes of  t h i s  

study, t h e  same secondary i s e n t r o p i c  expansion e f f i c i e n c y  has 

been used f o r  both no minimum i n j e c t i o n  temperature  and 300F 

minimum tempera ture  cases. 

Aux i l i a ry  Power Requi rement .  Table 4-2 shows the e l e c t r i c a l  load  

required f o r  equipment associated w i t h  genera t ion  of 50  M W e  

( n e t ) .  Load estimates shown i n  t h e  table correspond t o  flows 

i n d i c a t e d  on the appropr i a t e  flow diagrams (Drawings M- 100 -A and 

M-1 00-B) . 

well Schedule. Since t h e  reservoir temperature  has  been assumed 

t o  decay uniformly by 18F over 30 years ,  b r i n e  r equ i r ed  w i l l  

i n c r e a s e  l i n e a r l y  from t h e  beginning t o  t h e  end of p l a n t  l i f e  a t  

yea r  30. Further, t h e  product ion of b r i n e  per  w e l l  i s  assumed t o  

decrease l i n e a r l y  f r o m  400,000 l b / h  at the beginning t o  300,000 

l b / h r  a t  year  30, The i n j e c t i o n  flow rate per well i s  assumed t o  

rernain c o n s t a n t  a t  600,000 lb /h r  over t h e  l i f e  of t h e  p l an t ,  It 

i s  a l s o  assumed t h a t  t he  t o t a l  number of production and i n j e c t i o n  

w e l l s  r equi red  a t  year 30 w i l l  be twice as many as a t  the  

beginning of t h e  p l a n t  l i f e ,  The w e l l  requirement is  assumed t o  

vary  l i n e a r l y  over t h e  30-year pericd. The number of w e l l s  t h u s  

requi red  w i l l  exceed t h e  t h e o r e t i c a l  requirement based on decay 

of downhole temperature  and w e l l  flow. Table 4-3 shows t h e  
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TABLE 4-2 

POWER PLANT AUXILIARY LOADS 

50 MWe (NET) DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, NILAND, CALIFORNIA 

Circulating Water Pumps (kW) 

Injection Pumps (kW) 

Vacuum Pumps (kW) 

Cooling Tower Fans (kW) 

Miscellaneous Loads (kW) 

Total Auxiliary Load (kW) 
Power Generated, Gross (kW) 

Power Generated, Net (W 

hj ec tion Temperature 
No. Min. Limit 

2,190 

2,550 

740 

980 

150 

6,610 
56,610 

50,000 

Injection Temperature 
300F Min. Limit 

1,830 

3,470 

810 

850 

150 

7,110 
57,710 

50,000 

Note: (1)Operating load  at nominal flow conditions 
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TABLE 4-3 

WELL SCHEDULE 

50 MWe (NET) DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, NILAND,  CALIFORNIA 

Number of 
Wells Required 

Product ion  Wells 

16 
17 
18 
19 
20 
21 
2 2  
23 
24 
25 
26 
27  
28  
29 
30 
31 
32 
33 
34 

I n j e c t i o n  Wells 

7 
8 
9 

10 
11 
1 2  
13 
1 4  
15 
16 

Years from S t a r t  of Operat ion 

I n  j ec t i o n  Temperature 
No Min. L i m i t :  

S t a r t  
1.85 
3.75 
5.60 
7.50 
9.35 

11.25 
13.10 
15.00 
16.85 
18.75 
20.60 
22.50 
24.35 
26.25 
28.10 
30.00 
- 
- 

S t a r t  
4.28 
8 .56  

12.84 
1 7 . 1 2  
21.40 
25.68 
30.00 
- 
- 

I n j e c t i o n  Temperature 
300F Min. L i m i t  

- 

Sta r t  
1.76 
3.52 
5.28 
7.04 
8 .80  

10.56 
12.32 
1 4 . 1 2  
15.88 
17.64 
19.40 
21.16 
22.92 
24.68 
26.44 
28.20 
30.00 

- 

S t a r t  
3.75 
7.50 

11.25 
15.00 
18.75 
22.50 
26.25 
30.00 
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number of product ion and i n j e c t i o n  wells requi red  t o  meet t h e s e  

c r i t e r i a  . 

4.1.4 Power P l a n t  Faci l i t ies  

The major f a c i l i t i e s  i n  t h e  power p l a n t  are t h e  f l a s h  v e s s e l s ,  

t u r b i n e  bui ld ing ,  cool ing  w a t e r  system, S t r e t f o r d  process ,  

s e t t l i n g  pond, i n j e c t i o n  pumps, and t h e  switchyard.  For t h e  300F 

minimum i n j e c t i o n  temperature  case, no s e t t l i n g  pond is required.  

F i g u r e  4-5 (Drawing C-000-Al) i s  a s i te  and p l o t  plan o f  t h e  

f a c i l i t i e s  f o r  t h e  c a s e  of no minimum i n j e c t i o n  temperature  w i t h  

unmodified b r i n e  used i n  t h e  power p l an t .  T h i s  p a r t i c u l a r  

drawing shows three 50 pe rcen t  capac i ty  t r a i n s  of f l a s h  vessels. 

F i g u r e  4-6 (Drawing C-100-A2) i s  a s i te  and p l o t  plan f o r  t h e  

case  of no minimum i n j e c t i o n  tempera ture  w i t h  a c i d i f i e d  b r i n e  i n  

t h e  power p l an t .  The s i t e  p lans  i n d i c a t e  the l o c a t i o n  of t h e  

power p l a n t  i n  r e l a t i o n  t o  product ion and i n j e c t i o n  i s lands .  All 

f ac i l i t i e s  located i n s i d e  t h e  f ence  are p a r t  o f  t he  p o w e r  p l a n t ,  

and a l l  other f a c i l i t i e s  o u t s i d e  t h e  fence  are part of the w e l l  

f i e l d .  A s i n g l e  b u i l d i n g  i s  provided t o  house t h e  turb ine-  

genera tor  w i th  i t s  a c c e s s o r i e s o  condenser ,  vacuum system, 

e l e c t r i c a l  room, c o n t r o l  roomo a f f i c e ,  and o t h e r  miscel laneous 

f a c i l i t i e s .  A l l  o t h e r  major f a c i l i t i e s  are l o c a t e d  outdoors.  

-- Flash  Vessels.  Brine from t h e  product ion w e l l s  i s  t r anspor t ed  i n  

a 36-inch-diameter main header t o  t h e  power p lan t .  Three 

30-inch-diameter branches connect  t he  header  t o  the t h r e e  f i r s t -  

s t a g e  50 percen t  capac i ty  h o r i z o n t a l  f l a s h  vessels .  The f l a s h e d  
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steam from each vessel i s  t h e n  t r a n s p o r t e d  i n  three separate 

24-inch-diameter steam supply l i n e s  to the t u r b i n e  high p res su re  

i n l e t s .  The three 50 percent  capac i ty  f l a s h  vessels enable  t h e  

t u r b i n e  t o  be on l i n e  a t  100 percent  load while one of t h e  f l a s h  

vessels i s  being cleaned. Since the acid i s  assumed t o  be 

i n j e c t e d  a f t e r  t h e  f i r s t - s t a g e  flash,, t h i s  arrangement is  used 

f o r  both t h e  unmodified and a c i d i f i e d  b r i n e  cases. 

For t h e  unmodified b r i n e  case  w i t h  redundant f l a s h  v e s s e l s  

(Figure 4-5) , three s e p a r a t e  30-inch-diameter l i n e s  c a r r y  b r i n e  

i n  para l le l  from t h e  f i r s t - s t a g e  f l a s h  vessels t o  three 

second-stage 50  percent  capac i ty  h o r i z o n t a l  f l a s h  vessels. As 

w i t h  the  f i r s t - s t a g e  f l a s h  vessels, t h e  use of t h r e e  5 0  percen t  

capacity v e s s e l s  enables  t h e  t u r b i n e  t o  be on l i n e  a t  100 pe rcen t  

load when one of t h e  f l a s h  v e s s e l s  i s  being cleaned. The f lashed  

steam from each second-stage vessel i s  t r a n s p o r t e d  t o  t h e  t u r b i n e  

low p res su re  i n l e t s  i n  three separate 33-inch-diameter p ipes  for  

the  no minimum i n j e c t i o n  temperature  case. I n  those cases where 

t h e  b r i n e  is a c i d i f i e d  before  t h e  second-stage f lash ,  t h e  s c a l i n g  

tendency is minimized and only two second-stage f l a s h  vessels are 

provided a s  shown i n  Figure 4-6. Unmodified b r i n e  from t h e  

second-stage f l a s h  vessel, i n  the no minimum i n j e c t i o n  temper- 

a t u r e  cases, i s  dra ined  t o  the  s e t t l i n g  pond i n  t h r e e  s e p a r a t e  

24-inch-diameter p ipes  (Figure 4-5). Three s e p a r a t e  d r a i n  l i n e s  

enable  t h e  on-l ine c l ean ing  of one 50 pe rcen t  b r i n e  handling 

t r a i n .  Only one 30-inch-diameter d r a i n  pipe i s  provided fo r  t h e  

a c i d i f i e d  b r i n e  case (Figure 4-6), si.nce it i s  assumed t h a t  t h e  

power p l a n t  b r i n e  system does no t  scale up. 
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I f  only two 50 pe rcen t  capac i ty  f l a s h  v e s s e l  t r a i n s  a r e  provided, 

the  p l a n t  w i l l  be s h u t  down w h i l e  scale c l ean ing  i s  being carried 

out  f o r  t h e  unmodified b r i n e  case. This  w i l l  d r a s t i c a l l y  reduce 

t h e  p l a n t  a v a i l a b i l i t y .  This e f f e c t  h a s  been i n v e s t i g a t e d ,  and 

t h e  r e s u l t s  a r e  r epor t ed  i n  terms of both p l a n t  a v a i l a b i l i t y  and 

c o s t s  i n  Sec t ion  4.2. 

T h e  e f f e c t  of a c i d i f i c a t i o n  be fo re  the f i r s t - s t a g e  f lash  has  a l s o  

been s tudied.  Work by LLL has determined t h a t  a c i d i f i c a t i o n  of 

two-phase b r i n e  is  not  e f  f e c t i v e  because a d i s p r o p o r t i o n a t e  

amount of a c i d  i s  picked up by t h e  vapor phase. The s o l u t i o n  t o  

t h i s  problem r e q u i r e s  t w o  100 pe rcen t  c a p a c i t y  phase s e p a r a t o r s  

ahead of t h e  f i r s t - s t a g e  f l a s h  v e s s e l s ,  so t h a t  t h e  a c i d  can be 

i n j e c t e d  i n t o  t h e  l i q u i d  phase-  Downstream of t h e  t w o  phase 

s e p a r a t o r s ,  only two 50 percent  c a p a c i t y  f l a s h  vessels a r e  

provided f o r  both f i r s t -  and second-stage f l a shes .  Sca l ing  w i l l  

be l i m i t e d  t o  on ly  t h e  two phase s e p a r a t o r s ,  and 100 pe rcen t  

redundancy enables  the p l a n t  t o  be on l i n e  whi le  t h e  scale 

removal i s  t a k i n g  place. T h i s  arrangement h a s  been eva lua ted  and 

repor ted  f o r  the 300F minimum i n j e c t i o n  temperature  cases. 

Figure 4-7 shows a t y p i c a l  section of a h o r i z o n t a l  f l a s h  vesse l .  

The h o r i z o n t a l  b a f f l e  p l a t e  l oca t ed  above the f l a s h i n g  b r i n e  

f o r c e s  t h e  steam t o  lose most of the  d rop le t s .  Material 

ca r ryove r  i n  t h e  steam i s  t rapped  i n  t h e  m i s t  e l imina to r ,  which 

i s  cont inuously washed from below t o  keep it from clogging. The 

steam is sprayed w i t h  condensate a s  it exits the f i r s t  m i s t  

e l i m i n a t o r ,  and t h e  second m i s t  e l i m i n a t o r  is  provided t o  clean 
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t h e  steam one f i n a l  t i m e .  The steam from the f l a s h  vessel i s  i n  

a d r y  s a t u r a t e d  cond i t ion  and con ta ins  a minimum amount of 

carryover  . 

Turbine Buildinq, The t u r b i n e  b u i l d i n g  houses t h e  

turb ine-genera tor  and condenser and c o n t a i n s  the e lec t r ica l  

equipment room and c o n t r o l  room. The turb ine-genera tor  is  a d u a l  

f l o w  a x i a l  t ype  w i t h  a direct  coupled hydrogen-cooled genera tor  

running a t  3600 rpm. The t w o - p a s s  sur face  condenser i s  located 

below the steam turbine.  The noncondensible gases are evacuated 

by t w o  50 pe rcen t  capac i ty  f i r s t - s t a g e  ejectors, which g e t  t h e i r  

motive steam from t h e  f i r s t - s t a g e  f l a s h  vessels. Steam i n  t h e  

compressed mixture i s  condensed i n  a d i r ec t  c o n t a c t  

in te rcondenser .  The  second-stage evacuat ion ‘equipnent c o n s i s t s  

of t w o  50  pe rcen t  capac i ty  l i q u i d  r i n g  pumps and moisture  

separators. The noncondensible gases  from the s e p a r a t o r s  are  

c a r r i e d  t o  the S t r e t f o r d  process  system i n  a 12-inch-diameter 

carbon s tee l  pipe, The condensate from the main condenser and 

in te rcondenser  is  used for  steam scrubbing and coo l ing  tower 

makeup, 

Space is  provided i n  t h e  t u r b i n e  bu i ld ing  for t h e  p l a n t  and  

instrument  a i r  compressor, office, and laboratory.  The o v e r a l l  

s i z e  of t h e  bu i ld ing  is 100 fee t  long, 75 feet  w i d e ,  and 70 f e e t  

high. 

Coolinq Water System. The cool ing  water system c o n s i s t s  of a 

seven-cel l  mechanical d r a f t ,  cross flow t y p e  cool ing  tower, w i t h  
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two 50 percent  capac i ty  c i r c u l a t i n g  w a t e r  pumps. The 

48-inch-diameter coo l ing  water supply and r e t u r n  l i n e s  are  bur ied  

between the  coo l ing  tower and t u r b i n e  building. The system i s  

designed t o  supply co ld  water t o  t h e  condensers a t  87F. The 

blowdown from t h e  system i s  pumpd t o  t h e  Sa l ton  Sea. The 

o v e r a l l  s i z e  of t h e  seven-cel l  cool ing  tower i s  69 f e e t  wide, 

253 f e e t  long, and 60 f e e t  high. 

S e t t l i n q  Pond. For no minimum temperature i n j e c t i o n  cases, t h e  

spen t  b r i n e  from t h e  f l a s h  v e s s e l  has suspended s o l i d s  t h a t  t end  

t o  c log  up  t h e  i n j e c t i o n  w e l l .  Hence, a s e t t l i n g  pond i s  

provided t o  t a k e  out m o s t  of  t h e s e  suspended so l id s .  The spen t  

b r i n e  from t h e  second-stage f l a s h  vessel flows t o  t h e  170  by 150 

f o o t  ( i n s i d e  dimensions) diked pond, which provides approximately 

a 2-hour r e t e n t i o n  time. The pond is l i n e d  with 3-inch t h i c k  

conc re t e  and 0,030-inch p l a s t i c  shee t .  I f  t h e  b r i n e  w a s  

a c i d i f i e d  i n  t h e  p l a n t ,  it i s  neutrall ized by i n j e c t i n g  c a u s t i c  t o  

t h e  b r i n e  p r i o r  t o  t h e  pond. The sludge from the  bottom of t h e  

pond i s  pumped i n t o  a s o l i d  b o w l l  centr i fuge  w h e r e  d e w a t e r i n g  

t akes  place. The concent ra ted  s ludge,  w i t h  50 percent  w a t e r ,  is  

then  ready for haul ing  t o  d isposa l .  

The s e t t l i n g  pond i s  n o t  r e q u i r e d  f o r  t h e  300F minimum i n j e c t i o n  

tempera ture  case. 

I n j e c t i o n  Pumps. Two 100 pe rcen t  capac i ty  ver t ical  t u r b i n e  

barrel type  pumps are provided. Since the i n j e c t i o n  pump has 

been found t o  be t h e  c r i t i c a l  i t e m ,  1100 percent  redundancy has  
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been provided, The pump d ischarge  connects  t o  a 

24-inch-diameter, 1.25-inch w a l l  t h i ckness  carbon s teel  p ipe ,  

which carrys the  b r i n e  t o  t h e  i n j e c t i o n  i s l and .  The p ipe  s u c t i o n  

i s  e i t h e r  from t h e  pond f o r  t h e  no minimum i n j e c t i o n  temperature  

case or from t h e  second-stage f l a s h  vessel f o r  the 300F minimum 

i n j e c t i o n  temperature case. The materials of cons t ruc t ion  for  

the  pumps a re  316 s t a i n l e s s  s teel-  

Hydroqen s u l f i d e  Abatement System, The noncondensible gases  are 

processed fo r  recovery of s u l f u r ,  The system is designed based 

on t he  pa ten ted  S t r e t f o r d  process. The sys t em design,  

f a b r i c a t i o n ,  and i n s t a l l a t i o n  are based on information received 

from Ralph M. Parsons Company, which i s  a l icensee .  The system 

c o n s i s t s  of a v e n t u r i  g a s  scrubber,  absorber, reactor tank ,  

o x i d i z e r  tanks ,  o x i d i z e r  a i r  blower, s u l f u r  f r o t h  tank ,  and a l l  

necessary  P U P S ,  c o n t r o l s ,  p ip ing ,  chemical s to rage ,  and a l l  

o t h e r  appurtenances necessary  fo r  t h e  process. The t a i l  gas,  

a f te r  processing,  c o n s i s t s  p r imar i ly  of carbon dioxide with only  

t r a c e s  of the hydrogen s u l f i d e ,  which has been s ta ted  by t h e  

vendor t o  be w i t h i n  t h e  emission and ambient a i r  q u a l i t y  

requirements,  

Switchyard, The switchyard and t ransformers  are loca ted  as close 

t o  the tu rb ine  bu i ld ing  as f e a s i b l e  and are pos i t i oned  t o  u s e  t h e  

t u r b i n e  bu i ld ing  as a b u f f e r  t o  coo l ing  tower m i s t  dur ing  pe r iods  

of unusual wind cond i t ions  e 
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TABLE 4-11 
\ 
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\ 

EQUIPMENT LIST 

50 MWe (NET) DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGEU, NILAPJD, CALIFORNIA 

No Minimum Injection Temperature Limit Case 

Unmodified Brine 

E qu i pmen t 

First-Stage Flash Vessel 
T-lA, T-lB, and T-1C 

Second-Stage Flash Vessel 
T-2A, T-2B, and T-2C 

Wash Water Storage Tank 
T-3 

Steam Turbine 
K- 1 

Description 

Quantity: 

Type : 
Size : 
Design: 
General : 

Quantity : 

Type : 
Size : 
Design : 
General : 

Quantity : 
Type : 
Size: 
Design : 
General : 

Quantity : 
Type : 
Rating: 
Inlet : 

Three (3) ; two (2) for non- 
redundant 
Horizontal with elliptical heads 
10 ft dia x 18 ft long 
175 psig1450F 
Carbon Steel A516 Gr60 material. 
Two layers of stainless steel 
mist eliminator, stainless steel 
spray nozzles, and 3 in. insu- 
lation. Shell thickness: 314 in. 
plus 518 in. corrosion allowance. 

Three (3); two (2) for non- 
redundant 
Horizontal with elliptical heads 
10 ft dia. x 22 ft long 
50 psig/300F 
Carbon steel A516 Gr60 material. 
Two layers of stainless steel 
mist eliminators, stainless 
steel nozzles, and 2 in. i n s u -  
lation. Shell thickness: 112 in. 
plus 518 in. corrosion allowance. 

One (1) 
Vertical covered 
12 ft dia. x 15 ft high 
Atmospheric pressurel212F 
Epoxy lined carbon steel with 
cover. 

One (1) 
Dual admission, double axial flow 
57,000 kWel3600 rpm 
Steam at 130 psia and 21 psia 
both dry saturated. 
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TABLE 4-4 (Continued) 

No Minimum Injection Temperature Limit Case (Continued) 

Equipment 

Steam Turbine 
(Continued) 

Generator 
G- 1 

Condenser 
c- 1 

Steam Jet Ejector, First 
Stage 
J-1A and J -1B 

Direct Contact 
Intercondenser 

c- 2 

Description 

Exhaust : 
General : 

Quantity : 
Type : 

Rating: 
General : 

quantity : 
Type : 
Rating: 
General : 

Quantity : 
General : 

Quantity : 
General : 

4 in. hg abs. 
Inclusive of inlet stop and con- 
trol valves, steam strainers, 
moisture separators, check valves, 
gland seal system, control system, 
lub oil system, hydrogen system, 
and panel. 

One (1) 
Hydrogen cooled, three-phase direct 
coupled to turbine 
67,500 kVA, PF 0.85 lagging 
13.8 kV rated, 60 Hz, class B 
insulation, static excitation, 
short circuit ratio 0.58 

One (1) 

4 in. hg abs. 114,000 ft area 
22 ft x 22 ft x 46 ft long, 316 
stainless steel tubes and 316 
clad carbon steel internal, 
epoxy lined carbon steel water 
boxes. 

Two pass, surface 2 

Two (2) 50% capacity 
316 stainless steel type con- 
struction, 40,000 lb/hr total 
noncondensible gases, 60,000 
la/hr motive steam at 100 psig 
saturated. 

One (1) 
316 stainless steel clad carbon 
steel shell with 316 stainless 
steel internals, capable of 
condensing 60,000 lb/hr steam at 
approximately 6 psia. 
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TABLE 4-4 (Continued) 

No Minimum I n j e c t i o n  Temperature L i m i t  Case (Continued) 

Equipment 

Liquid Ring Vacuum Pump, 
Second Stage  

A-1A and A-1B 

Water Separa tor  
T-4A and T-4B 

H S Abatement System 2 

Cooling Tower 
E-1A through 1 G  

Condensate Pumps 
P-1A and P-1B 

D e s c r i p t i o n  

Quan t i t y  : 
General : 

Quanti ty:  
General  : 

Quant i ty :  
General  : 

Quant i ty :  
Type : 
General : 

Quant i ty :  
Type : 
General : 

Two (2) 50% c a p a c i t y  
S ingle-s tage  p o s i t i v e  d i s p l a c e -  
ment vacuum pump w i t h  l i q u i d  
sea l  enclosed r o t o r ;  compression 
r a t i o  = 2:5,  s t a i n l e s s  s t e e l  
i n t e r n a l s .  30,000 l b / h r  gas 
flow. 
reducer .  

600 hp motor wi th  speed 

Two (2) 
Each 316 s t a i n l e s s  s t ee l  v e s s e l  
4 f t  d i a .  x 6 f t  h igh  f o r  d i s -  
charge of vacuum pump w i t h  level 
i n d i c a t o r  and c o n t r o l l e r .  

Lot 
C o n s i s t s  of 14 i n .  d i a .  x 20 f t  
h igh  v e n t u r i  sc rubber ,  7 f t  d i a .  
x 40 f t  h igh  a b s o r b e r ,  3 f t  d i a .  
x 13 f t  h igh  o x i d i z e r  t ank ,  8 f t  
d i a .  x 13 f t  h igh  f r o t h / b a l a n c e  
t a n k ,  one + one s p a r e ,  r e c y c l e  
pump 550 gpm @ 20 p s i  one + one 
s p a r e ,  s o l u t i o n  c i r c u l a r  pump 
105 gpm @ 70 p s i  6 i n .  s o l i d  bowl 
c e n t r i f u g e ,  feed pump 10 gpm @ 
20 p s i ,  5 hp t u r b o a e r a t o r .  T o t a l  
i n s t a l l e d  hp 60; o p e r a t i n g  hp 30. 

Seven (7) c e l l s  
Mechanical d r a f t  c ross f low 
69 f t  wide x 253 f t  long x 60 f t  
h i g h ;  79F w e t  bu lb  w i t h  8OF 
approach. Fan hp 200 each c e l l .  

Two (2) 50% c a p a c i t y  
Vert ical  m u l t i s t a g e  t u r b i n e  
125F s u c t i o n ;  1800 gpm a t  80 f t  
TDH, 316 s t a i n l e s s  s t ee l  i n t e r n a l s .  
50 hp motor. 
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TABLE 4-4 (Continued) 

No Minimum I n j e c t i o n  Temperature L i m i t  Case (Continued) 

Equipment 

Wash Water Pump 
P-2 

C i r c u l a t i n g  Water Pump 
P3-A and P-3B 

I n j e c t i o n  Pump 
P-4A and P-4B 

P l a n t  Water Storage  Tank 
T- 6 

P l a n t  Water Supply Pump 
P-5 

P l a n t  and Instrument  
A i r  Compressors 

Trave l ing  Bridge Crane 

D e s c r i p t i o n  

Quant i ty  : 
General : 

Quant i ty  : 
Type : 
General : 

Quant i ty  : 
Type : 
General : 

Quant i ty :  
General  : 

Quant i ty  : 
General : 

Ouant i ty  : 
General  : 

Quant i ty :  
General  : 

One (1) 
Hor izonta l  c e n t r i f u g a l  160F 
s u c t i o n ;  125 gpm (3 350 f t  TDH 
w i t h  15 hp motor. 

Two (2) 50% c a p a c i t y  
Vertical  w e t  p i t  mixed f low 
43,000 pgm a t  100 f t  TDH, 316 
s t a i n l e s s  s t e e l  w i t h  carbon 
s t ee l  s t a n d  and s o l e  p l a t e .  
1600 hp motor. 

Two (2) 100% c a p a c i t y  
Vertical  t u r b i n e  b a r r e l  
One o p e r a t i n g ,  one spare;  
8000 gpm a t  1000 f t  TDH, 316 
s t a i n l e s s  s teel .  3600 hp motor. 

One (1) 
15 f t  d i a .  x 15 f t  h i g h  carbon 
s t e e l  covered t a n k  w i t h  20,000 
g a l l o n  approx. c a p a c i t y .  

One (1) 
H o r i z o n t a l ,  s i n g l e  s t a g e  c e n t r i -  
f u g a l  pump 200 gpm (3 125 f t  TDH. 
10 hp motor. 

Two ( 2 )  
350 ACFM, 125 p s i g ,  double a c t i n g ,  
r e c i p r o c a t i n g ,  non-lube c y l i n d e r s ,  
complete w i t h  100 hp motor,  i n t e r -  
c o o l e r s ,  a f t e r c o o l e r s ,  mois ture  
s e p a r a t o r ,  d r y e r ,  and receiver. 

One (1) 
60 t o n  c a p a c i t y  top  r i d i n g ,  double 
g i r d e r  b r i d g e  c r a n e ,  cab opera ted ,  
complete w i t h  main h o i s t ,  15 t o n  
a u x i l i a r y  h o i s t  m u l t i p l e  s t e p  
c o n t r o l s .  
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TABLE 4-4 (Continued) 

Second-Stage Flash Vessel 

No Minimum Injection Temperature Limit Case (Continued) 

Quantity: Two ( 2 )  
Type : Horizontal with elliptical heads 
Size : 10 ft dia x 22  ft long 

Eq ui pmen t 

Fire Water Pump 

Fire Water Jockey Pump 

Roof Exhaust Fan 
F-1A through 1F 

HVAC System 
R- 1 

Portable Water System 

Fire Water System 

Sewage Treatment System 

Sludge Dewatering 
Centrifuge 

Cooling Water Treatment 
Package 

Settling Pond 

Description 

Quantity: 
General : 

Quantity : 
General : 

Quantity : 
General : 

Quantity: 
General : 

Quantity : 
General : 

General : 

Two ( 2 )  
Horizontal centrifugal, 200 gpm 
@ 350 ft TDH, 250 hp diesel drive 

One (1) 
Horizontal centrifugal, 5 0  gpm 
@ 160 ft TDH, 3 hp motor. 

Five ( 5 )  
Inclusive of air intake louvers. 

Lot 
For control room, office, and 
lunch room with controls. 

2 in. dia. piping for main supply 

8 in. dia. loop round the plant 

Lot 

One (1) 
24 in. x 6 0  in. solid bowl 100 hp 
monel construction. 

Lot 

6 1.1 x 10 million gal capacity 
170 ft x 150 ft (inside) diked 
pond, with 0.030 in. thick 
plastic lining. 

Acidified Brine (Acid Injected Ahead of Second Flash Stage) 
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TABLE 4-4 (Continued) 

No Minimum Injection Temperature Limit Case (Continued) 

Equipment 

Second-Stage Flash Vessel 
(Continued) 

Bydrochloric Acid Storage 
Tank 

Caustic Storage Tank 

Description 

Design : 
General : 

Quantity: 
General : 

Quantity : 
General : 

50 psig/300F 
1 Cr, 1/2 Mo alloy steel, two 
layers of stainless steel spray 
nozzles and 2 in. insulation. 
Shell thickness: 1/2 in. thick 
shell plus 1/2 in. corrosion 
allowance. 

One (1) 
12 ft dia x 20 ft long, horizontal 
with elliptical heads, filament 
wound fiber reinforced plastic 
tank, epoxy coated carbon steel 
saddles on lime stone base. 
16,000 g a l  c a p a c i t y .  

One (1) 
14 ft dia x 14 ft high, vertical 

nickel heating coil 
covered, carbon steel with 100 ft 2 

300F Min. Injection Temperature Limit Case 

Unmodified Brine 

Items are same as for no minimum limit injection temperature case with 
unmodified brine except with the following differences. 

e Two first-stage flash vessels (T-1A and T-1B); i.e., Non-Redundant Case. 
e No brine settling pond (170 ft x 150 ft diked) is required. 
e No solid bowl centrifuge is required. 

1 
Equipven t 

Second-Stage Flash Vessel 
T-2A and T-2 

Description 

Ouan t i ty Two (2) 
Type : 
Size : 10 ft dia x 18 ft long 
Design : 75 psig/375F 

Horizontal with elliptical heads 
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TABLE 4-4 (Continued) 

300F Minimum I n j e c t i o n  Temperature Limi t  Case (Continued) 

Equipment 
~ 

Second-Stage F lash  Vessel  
(Continued) 

Steam Turbine 
K- 1 

Condensate Pumps 
P-1A and P-1B 

C i r c u l a t i n g  Water Pump 

I n j e c t i o n  Pump 

Desc r ip t ion  

General  : 

Quant i ty :  
Type : 
Rat ing  : 
I n l e t  : 

General  : 

Quant i ty :  
Type : 
General  : 

Q u a n t i t y  : 
Type : 
General  : 

Quant i ty :  
Type : 
General  : 

Carbon s teel  A516 Gr60, two l a y e r s  
of s t a i n l e s s  s t ee l  m i s t  e l i m i n a t o r s ,  
s t a i n l e s s  s t ee l  sp ray  nozz le s  and 
2 i n .  i n s u l a t i o n .  S h e l l  t h i c k n e s s  
1 / 2  i n .  p l u s  5 / 8  i n .  c o r r o s i o n  
al lowance.  

One (1) 
Dual admission,  double  a x i a l  f low 
57,000 kWe/3600 rpm 
Steam a t  130 p s i a  and 53 p s i a ,  
bo th  d ry  s a t u r a t e d .  
I n c l u s i v e  of i n l e t  s t o p  and con- 
t r o l  v a l v e s ,  steam s t r a i n e r s ,  
mois ture  s e p a r a t o r s ,  check v a l v e s ,  
gland seal  system, c o n t r o l  system, 
lube  o i l  system, hydrogen system, 
and panel .  

Two ( 2 )  50% c a p a c i t y  
V e r t i c a l  m u l t i s t a g e  t u r b i n e  
125F s u c t i o n ,  1650 gpm'at  80 f t  
TDH, 316 s t a i n l e s s  s tee l  i n t e r n a l s ,  
45 hp motor. 

Two (2)  50% c a p a c i t y  
V e r t i c a l  w e t  p i t  mixed f l o w  
38,000 gpm a t  100 f t  TDH, 316 
s t a i n l e s s  s t ee l  wi th  carbon s t e e l  
s t a n d  and s o l e  p l a t e .  1500 hp 
motor.  

Two (2)  100% c a p a c i t y  
Vertical  t u r b i n e  b a r r e l  
One o p e r a t i n g ,  one s p a r e ;  10,500 gpm 
a t  1200 f t  TDH,  316 s t a i n l e s s  s tee l .  
4801) hn 
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TABLE 4-4 (Continued) 

300F Minimum Injection Temperature Limit Case (Continued) 

Acidified Brine (Acid Injected Ahead of First-Stage Flash) 

The following items are either different from or in addition to 300F 
minimum injection temperature case with unmodified brine. 

E qu i pmen t 

First-Stage Flash Vessel 
T-1A and T-1B 

Second-Stage Flash Vessel 
T-2A and T-2B 

Two-Phase Separators 
T-7A and T-7B 

Hydrochloric Acid Storage 
Tank 
T-8 

Description 

Quantity : 
Type : 
Size : 
Design : 
General : 

Quantity : 
Type : 
Size : 
Design : 
General : 

Quan t i ty : 
Type : 

Design : 

Quantity : 
General : 

Two (2) 
Horizontal with elliptical heads 
10 ft dia x 18 ft long 
175 psig/450F 
1 Cr plus 1/2 Mo alloy steel, two 
layers of stainless steel mist 
eliminators, stainless steel spray 
nozzles and 3 in. insulation. 
Shell thickness: 7/8 in. plus 
1/2 in. corrosion allowance. 

Two (2) 
Horizontal with elliptical heads 
10 ft dia x 18 ft long 
75 psig/375F 
1 Cr plus 1/2 Mo alloy steel, two 
layers of stainless steel mist 
eliminators, stainless steel spray 
nozzles and 2 in. insulation. 
Shell thickness: 1/2 in. plus 1/2 
in. corrosion allowance. 

Two (2) 
12 ft dia x 12 ft high with support 
legs 
Carbon steel, A516 Gr60 one operat- 
ing plus one spare. Shell thickness 
7/8 in. plus 5/8 in. corrosion 
allowance. 

One (1) 
12 ft dia x 20 ft long, horizontal 
with elliptical heads, filament 
wound fiber reinforced plastic tank, 
epoxy coated carbon steel saddles 
on limestone base. 16,000 gal 
caDacitv. 
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TABLE 4-4 (Continued) 

I 300F Minimum I n j e c t i o n  Temperature L i m i t  Case (Continued) I 
Equipment 

Caus t ic  S torage  Tank 
T- 9 

Descr ip t ion  

Quant i ty:  One (1) 
General : 14 f t  d i a  x 14 f t  h i g h ,  v e r t i c a l  

covered carbon s tee l  w i t h  100 f t 2  
n i c k e l  h e a t i n g  c o i l .  
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Equipment L i s t .  The equipment l i s t  given i n  Table 4-4 shows a l l  

the major equipment r equ i r ed  i n  t h e  50 MWe (net)  power genera t ion  

p l a n t  for t h e  no minimum i n j e c t i o n  temperature and t h e  300F 

i n j e c t i o n  temperature  cases. The no minimum i n j e c t i o n  

temperature case w i t h  unmodified b r i n e  is  treated a s  t h e  base 

case, and v a r i a t i o n s  from t h i s  l i s t  are shown f o r  t h e  no minimum 

i n j e c t i o n  temperature case with a c i d i f i e d  brine.  S i m i l a r l y ,  on ly  

changes f o r  t h e  300F minimum i n j e c t i o n  temperature cases from t h e  

base case a r e  ind ica ted .  

P i p i n q  Material. Carbon steel  has been assumed s u i t a b l e  for 

b r i n e  and steam p ipes  while handling unmodified brine. For 

handling ac id i f ied  br ine ,  1 C r  1/2 Mo l o w  a l loy  s tee l  has been 

assumed t o  be s u i t a h r e  piping material, H o w e v e r ,  carbon s tee l  is 

assumed t o  be a s u i t a b l e  p ip ing  material f o r  handl ing steam 

f l a shed  from the a c i d i f i e d  br ine .  

4.1.5 Well F i e l d  Fac i l i t i es  

All f a c i l i t i e s  located o u t s i d e  t h e  fence,  a s  shown i n  Figures  4-5 

and 4-6, are c l a s s i f i e d  under w e l l  f i e l d  fac i l i t i es ,  

Well f i e l d  f a c i l i t i e s  c o n s i s t  of t h e  b r i n e  production f a c i l i t y  

and t h e  b r i n e  i n j e c t i o n  f a c i l i t y .  I n c l i n e d  d r i l l i n g  of w e l l s  i s  

u t i l i z e d ,  which enables  t h e  product ion w e l l s  and i n j e c t i o n  w e l l s  

t o  be grouped close t o g e t h e r  a t  the surface.  T h i s  r e s u l t s  i n  

minimizing the s u r f a c e  p ip ing  and t h e  a s s o c i a t e d  c a p i t a l  cost. 
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A t  the sur face ,  t h e  w e l l s  are spaced a t  50-foot i n t e r v a l s  i n  t w o  

rows- The d i s t a n c e  between t h e  rows i s  150 fee t -  

Production Wells- Geothermal b r i n e  from each product ion w e l l  i s  

t r a n s p o r t e d  as a two-phase f l u i d  i n  an  8-inch diameter p ipe  t o  

the  main header located between t h e  t w o  rows o f  t h e  product ion 

wells. The header diameter i s  16 i n c h e s  a t  the f a r t h e s t  point 

from the  p l a n t  and i n c r e a s e s ,  i n  t he  d i r e c t i o n  of flow, t o  

2 4  i nches  and f i n a l l y  t o  36 i nches  i n  diameter near  t he  power 

p lan t .  Product ion p ip ing  i s  i n s u l a t e d  and supported above ground 

on steel s t ruc tu res .  

I n j e c t i o n  wells. Spent b r i n e  from t l h e  i n j e c t i o n  pump d ischarge  

i s  t r anspor t ed  t o  t h e  i n j e c t i o n  i s l a n d  i n  a 24-inch-diameter 

pipe.  The header is  located i n  the middle of t w o  r o w s  of w e l l s ,  

and each w e l l  i s  f e d  by an 8-inch-diameter pipe from t h e  header. 

I n j e c t i o n  p ip ing  i s  i n s u l a t e d  and supported above ground on s tee l  

s t r u c t u r e s .  

Materials of Construction. Carbon s teel  has  been assumed a s  the  

a p p r o p r i a t e  material f o r  p ip ing  and equipment a s soc ia t ed  with t h o  

production and i n j e c t i o n  of br ine .  

4.2 COST ESTIMATE 

T h e  cost estimate c o n s i s t s  of t w o  parts. The first p a r t  is  t o t a l  

cap i ta l  cost associated w i t h  production of b r i n e ,  t he  power 

p l a n t ,  and i n j e c t i o n  of brine. The second p a r t  is  t h e  cos t  of 
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TABLE 4-5 

(1) CAPITAL COST ESTIMATE SUMMARY 

50 MWe (NET) DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, NILAND, CALIFORNIA 

Capacity F a c t o r ,  % 

Well F i e l d  
c o s t ,  $1,000 

Unit  Cost ,  
S/kW (Net) 

Power P l a n t  

Cost ,  $1,000 

Uni t  Cos t ,  
S/kW (Net) 

T o t a l  C a p i t a l  Cost 

c o s t ,  $1,000 

Uni t  Cost ,  
$!kW (Net) 

No Minimum I n j e c t i o n  
Te 

Unmodified 
B r i n e  

85 (2 )  

9,830 

197 

38,400 

768 

48,230 

965 

3 e r a t u r e  L i m i t  

Unmodified 
Br ine  

71(2)  

9,830 

197 

37,030 

744 

47,200 

94 1 

A c i d i f i e d  
B r i n e  

85 

9,830 

197 

38,200 

7 64 

48,030 

961 

300F Minimum I n j e c t i o n  
Temperature L i m i t  

Unmod i f  i e d  
B r i n e  

71 

11,000 

220 

37,000 

740 

48,000 

960 

A c i d i f i e d  
Br ine  

7 1  

11,000 

220 

39,100 

782 

50,100 

1,002 

Notes : 

.(1) Based on f i r s t  q u a r t e r  1982 d o l l a r s .  

(2) 71% c a p a c i t y  f a c t o r  corresponds t o  two 50% c a p a c i t y  f l a s h  vessel 
t r a i n s  (No Redundant F l a s h  Vessel Case) .  
85% c a p a c i t y  f a c t o r  corresponds t o  t h r e e  50% c a p a c i t y  f l a s h  vessel 
t r a i n s  (Redundant F l a s h  Vessel Case).  
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producing energy. Table 4-5 shows the summary of the c a p i t a l  

costs  f o r  the f i v e  cases s tudied .  C a p i t a l  costs of  p o w e r  p l a n t s  

and well f i e l d s  are repor ted  separa te ly .  Appendix A, C o s t  

Est imat ing Methodology, d e s c r i b e s  t h e  cost  e s t ima t ing  methods. 

4.2.1 C a p i t a l  Cost of Power P l a n t  - 

Power p l a n t  cap i t a l  cost  estimates are based on equipment l i s ts ,  

major piping requirements,  p l o t  p l ans ,  and f l o w  diagrams, Tables 

4-6 through 4-10 show t h e  detailed c a p i t a l  costs f o r  the cases 

s tudied.  Equipment and subcont rac t  costs f o r  t h e  

turbine-generator ,  hydrogen s u l f i d e  abatement system, main 

condenser,  and cool ing  tower have been obta ined  from t h e  

s u p p l i e r s  of t h e s e  equipment. Even though t h e r e  i s  a small 

d i f f e r e n c e  i n  r equ i r ed  performance of t h e s e  equipment items, as  

re la ted  t o  t h e  no minimum i n j e c t i o n  temperature  and 300F 

i n j e c t i o n  temperature  cases, the same equipment, and hence t h e  

same cos t ,  have been assumed to be a p p l i c a b l e  t o  a l l  cases. 

4.2.2 Capi ta l  C o s t  of Well F ie ld ;  

W e l l  f i e l d  c a p i t a l  cost  estimates are!  based on t h e  w e l l  schedule,  

major p ip ing  requirements,  p l o t  plans, f low diagrams, and t h e  

c o s t  of w e l l s  fu rn ished  by t h e  Magma Power Company, Table 4-11 

shows the detai led c a p i t a l  cost  of the w e l l  f i e l d  for t h e  cases 

considered. A c i d i f i c a t i o n  of t h e  b r i n e  i n  the power plant t o  

reduce s c a l i n g  does n o t  a f f e c t  t h e  w e l l  f i e l d  cost, s i n c e  t h e  
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TABLE 4-6 

CAPITAL COST ESTIMATE - POWER PLANT 

50 MWe (NET) DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, NILAND, CALIFORNIA 

NO M I N I M U M  BRINE I N J E C T I O N  TEMPERATURE, UNMODIFIED BRINE 
CAPACITY FACTOR 85% 

~ 

Mechanical Equipment 
Turbine Generator  
H2S Abatement System 
Tanks and Vessels 
Condenser and Vacuum Equipment 
Cooling Tower 
Pumps and Drives 
Other 

P i p i n g  and I n s t r u m e n t a t i o n  
Elect 1: i c a l  
C i v i l / S t r u c t u r a l  
Yardwork and Miscel laneous 

Direct F i e l d  Cost 
I n d i r e c t  Cost (3 65% of Direct Labor 

T o t a l  F i e l d  Cost 
Engineer ing S e r v i c e  @ 14% 

T o t a l  F i e l d  Cost P l u s  Engineer ing Cost 

T o t a l  Cons t ruc t ion  Cost 

Contingency (3 20% 

F i r s t  Quar te r  1978 D o l l a r s  
E s c a l a t i o n  

~~ ~~ ~~ 

Const ruc t ion  Cost P l u s  E s c a l a t i o n  
Owner's Cost @ 8% 

C a p i t a l  Cost Before AFDC 

T o t a l  C a p i t a l  Cost 

AFDC 

F i r s t  Quar te r  1982 D o l l a r s  

TOTAL 

Labor 
$1,000 

340 
168 
58 

128 
106 
56 
44 

252 
315 
836 

79 

2,382 
1,548 

3,930 ' 

2,740 

6,670 
3 570 L 

10,240 
2,660 

12,900 

15,000 
1,400 

- 
2,100 

16,400 

Material 
$1,000 

6,086 
1,107 

656 
2,074 
1,025 
1,308 

485 
1 , 0 2 1  

960 
851 

54 

15,627 

15,627 

15,627 
893 

- 

- 

16,520 
3,140 

19,660 
540 

20,200 
1,800 

22,000 

38,400 
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1 

Total Field Plus Engineering Cost 

Total Construction Cost 
I F i r s t  Quarter 1978 Dollars 

Contingency @ 20% 

Escalation 

TABLE 4-7 

CAPITAL COST ESTIMATE - POWER PLANT 
50 MWe (NET) DUAL FLASH ENERGY CONVERSION 

SALTON SEA KGRA, NILAND, CALIFORNIA 

NO MINIMUM BRINE INJECTION TEMPERATURE, UNMODIFIED BRINE 
CAPACITY FACTOR 7 1 % 

I 
Mechanical Equipment 

Turbine Generator 
H2S Abatement System 
Tanks and Vessels 
Condenser and Vacuum Equipment 
Cooling Tower 
Pumps and Drives 
Other Mechanical 

Piping and Instrumentation 
Electrical 
C iv i 1 1 S t r u c tu r a 1 
Yardwork and Miscellaneous 

Direct Field Cost 
Indirect Cost @ 65% of Direct Labor 

Total Field Cost 
Engineering Service @ 14% 

Construction Cost Plus Escalation 
Owner's Cost @ 8% 

Capital Cost Before AFDC 

Total Capital Cost 

AFDC 

First Quarter 1982 Dollars 

TOTAL 
t 

Labor 
$1,000 

340 
168 
39 

128 
106 
56 
44 

198 
315 
826 

79 

2,299 
1 ,491  

3,790 
2 , 660 

6,450 
3,450 

9,900 
2,600 

1 2  500 
2,000 

14,500 
1 ,300  

15,800 

37 

Material 
$1,000 -- 

6,086 
1,107 

455 
2,074 
1,025 
1,308 

485 
801 
960 
830 

54 

15,185 
- 

15,185 
- 

15,185 
865 

16,050 
3,050 

19,100 
500 

19,600 
1,800 

21,400 

- .  

100 
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TABLE 4-8 

CAPITAL COST ESTIMATE - POWER PLANT 

50 MWe (NET DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, NILAND, CALIFORNIA 

NO M I N I M U M  BRINE I N J E C T I O N  TEMPERATURE, ACIDIFIED BRINE 
CAPACITY FACTOR 85% 

I 

Mechanical Equipment 
Turbine Generator  
H2S Abatement System 
Tanks and Vessels 
Condenser and Vacuum Equipment 
Cooling Tower 
Pumps and Dr ives  
Other Mechanical 

P ip ing  and Ins t rumen ta t ion  
E l e c t r i c a l  
C i v i l / S t r u c t u r a l  
Yardwork and Miscel laneous 

D i r e c t  F i e l d  Cost 
I n d i r e c t  Cost @ 65% of  Direct Labor 

Labor 
$1,000 

340 
168 

55 
128 
106 
56 
44 

202 
315 
836 

79 

2,329 
1,511 

T o t a l  F i e l d  Cost I Engineering S e r v i c e  @ 14% 

E s c a l a t i o n  

Constr 'uct ion Cost P l u s  E s c l a t i o n  
Owner's Cost @ 8% 

3,840 1 2 730 L 

2,630 

12,760 
2,080 

T o t a l  F i e l d  Cost P l u s  Engineer ing Cost 

T o t a l  Cons t ruc t ion  Cost 

Contingency @ 20% 

F i r s t  Quar te r  1978 D o l l a r s  

T o t a l  C a p i t a l  Cost 
F i r s t  Quar te r  1982 D o l l a r s  16,200 

* 

6,570 
3,560 

10,130 

C a p i t a l  Cost Before AFDC 
AFDC 

14,840 
1,360 

Material 
$1,000 

6,086 
1,107 

887 
2,074 
1,025 
1,308 

485 
821 
960 
851 

54 

15,658 

15,658 

- 

- 

15,658 
892 

16,550 
3,150 

19,700 
500 

20,200 
1,800 

22,000 

4-44 



TABLE 4-9 

CAPITAL COST ESTIMATE - POWER PLANT 

50 MWe (NET) DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, NILAND, CALIFORNIA 

NO MINIMUM BRINE INJECTION TEMPERATURE, UNMODIFIED BRINE 
CAPACITY FACTOR 71% 

Mechanical Equipment 
Turbine Generator 
H2S Abatement Sys tem 
Tanks and Vessels 
Condenser and Vacuum Equipment 
Cooling Tower 
Pumps and Drives 
Other Mechanical 

Piping and Instrumentation 
Electrical 
CivilIStructural 
Yardwork and Miscellaneous 

Direct Field Cost 
Indirect Cost @ 65% of Direct Labor 

Total Field Cost 
Engineering Service @ 14% 

Total Field Plus Engineering Cost 

Total Construction Cost 

Contingency @ 20% 

First Quarter 1978 Dollars 
Escalation 

Construction Cost Plus Escalation 
Owner's Cost @ 8% 

Capital Cost Before AFDC 

Total Capital Cost 

AFDC 

First Quarter 1982 Dollars 

TOTAL 

Labor 
$1,000 

340 

4 2  
128  
106 
54 
41 

1 7 7  
313 
826 

79 

168 

2,274 
1,476 

3,750 
2,640 

6,390 
3,440 

9,830 
2,570 

12,400 
2,000 

14,400 
1.300 

15,700 

37 , 

Material 
$1,000 

6,086 
1,107 

451 
2,074 
1,025 
1,486 

335 
699 
960 
830 

54 

15,107 
- 

15,107 

15,107 
863 

- 

15,970 
3,030 

19,000 
500 

19,500 
1,800 

21,300 

00 
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TABLE 4-10 

CAPITAL COST ESTIMATE - POWER PLANT 
50 MWe (NET) DUAL FLASH ENERGY CONVERSION 

SALTON SEA KGRA, NILAND, CALIFORNIA 
NO MINIMUM BRINE INJECTION TEMPERATURE, ACIDIFIED BRINE 

CAPACITY FACTOR 71% 

I 
Labor 
$1,000 

Mechanical Equipment 
Turbine Generator 
H S Abatement System 
Tanks and Vessels 
Condenser and Vacuum Equipment 
Cooling Tower 
Pumps and Drives 
Other Mechanical 

2 

Piping and Instrumentation 
Electrical 
CiviI/Structural 
Yardwork and Miscellaneous 

Direct Field Cost 
Indirect Cost C! 65% of Direct Labor 

Total Field Cost 
Engineering Service C! 14% 

Contingency C! 20% 
Total Field Plus Engineering Cost 

Total Construction Cost, 
First Quarter 1978 Dollars 

Escalation 

Construction Cost Plus Escalation 
Owner's Cost C! 8% 

Capital Cost Before AFDC 
AFDC 

Total Capital Cost 
First Quarter 1982 Dollars 

TOTAL 

340 
168 
52 
128 
106 
54 
44 
187 
314 
826 
79 

2,298 
1,492 

3,790 
2,800 

6,590 
3,610 

10,206 

2,600 

12,800 
2,200 

15,000 
1,300 

16,300 

Material 
$1,000 

6,086 
1,107 
1,457 
2,074 
1,025 
1,486 
331 
777 
960 
830 

54 

16,187 
- 

16,187 

16,187 
913 

- 

17,100 

3,250 

20,350 
550 

20,900 
1,900 

22,800 

39,100 
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TABLE 4-11 

CAPITAL COST ESTIMATE, WELL FIELD (1) 
($1,000) 

50 MWe (NET) DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, NILAND, CALIFORNIA 

Brine Supply Lines  

M a t e r i a l s  and Subcont rac ts  

I n s t a l l a t i o n  

Brine I n j e c t i o n  Lines  

M a t e r i a l s  and Subcont rac ts  

I n s t a l l a t i o n  

T o t a l  F i e l d  Cost  of Lines  

Engineer ing @ 14% 

T o t a l  F i e l d  and Engineer ing 

Contingency @ 20% 

T o t a l  Cons t ruc t ion  Cost of Lines ,  F i r s t  
Q u a r t e r  1978 D o l l a r s  

Geothermal Wells ( subcont rac ts )  

T o t a l  Cons t ruc t ion  Cost of Well F i e l d ,  F i r s t  
Q u a r t e r  1978 D o l l a r s  

E s c a l a t i o n  

Cons t ruc t ion  and E s c a l a t i o n  Costs  

AFDC 

Tota l  C a p i t a l  Cos t ,  
F i r s t  Q u a r t e r  1982 Dollars")  

Capaci ty  Fac tor  

~~ ~~~~ ~ 

No Minimum I n j e c t i o n  Temperature L i m i t  

Unmodified Br ine  

Labor 

8 

7 4  

14 

202 

298 

164 

462 

218 

680 

2,170 

2,850 

7 50 

3,600 

160 

3,760 

991 

Material 

147 
- 

731 
- 

878 
- 

878 

52 

930 

4,030 

4,960 

940 

5,900 

270 

6,170 

) 

05% 6 71% 

A c i d i f i e d  Br ine  

Labor 

8 

74 

14 

202 

298 

164 

462 

218 

680 

2,170 

2,850 

7 50 

3,600 
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878 
- 
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270 
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300F Minimum I n j e c t i o n  Temperature L i m i t  

Unmodified Brine 
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82 
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55 
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00 
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A c i d i f i e d  Br ine  

Labor 

9 

82 

14 

213 

318 

167 

485 

220 

705 

2,395 

3,100 

900 

4,000 

200 

4,200 

11 

M a t e r i a l  

160 
- 

735 
- 

89 5 
- 

895 

55 

950 

4,350 

5,300 

1 ,200  

6 ,500  

300 

6 ,800  

IO 

71% 

Note: 

( 1 )  I n s t a l l e d  c o s t  of w e l l  f i e l d  a t  s t a r t  of o p e r a t i o n .  



b r i n e  w i l l  be n e u t r a l i z e d  p r i o r  t o  i n j e c t i o n  and t h e  same 

materials of c o n s t r u c t i o n  are  used f o r  a l l  cases. 

4.2.3 Capacity Factors 

The capacity factor for each case has been calculated on t h e  

assumption t h a t  the best long-term capac i ty  factor t h a t  can be 

achieved i n  a r e l a t ive ly  scale-free g e o t h e r m l  power p l a n t  i s  85 

percent.  For a l l  cases, where scale bui ldup  i n  power p l a n t  and  

b r i n e  piping i s  such t h a t  it is  necessary t o  shutdown or 

p a r t i a l l y  load t h e  gene ra to r  fo r  removing the scale, the  c a p a c i t y  

f a c t o r  of 85 pe rcen t  w i l l  be reduced t o  allow scale removal. 

However, t h e  85 pe rcen t  capac i ty  f a c t o r  i s  n o t  expected t o  be 

achieved by t h e  first demonstration p l a n t  u n t i l  it has been i n  

ope ra t ion  f o r  perhaps f i v e  years ;  it is  more appropr i a t e  f o r  

l a t e r  p l an t s ,  where t h e  des ign  i s  based on experience gained from 

t h e  demonstration plant.  The r a t i o n a l e s  f o r  t h e  va lues  of t h e  

capacity factors used i n  t h e  f ive cases included i n  t h i s  s t u d y  

a r e  described i n  the fo l lowing  paragraphs. 

I 

- N o  Minimum I n j e c t i o n  Temperature, Unmodified Brine,  Redundant Flash 

V_essels, The c a p a c i t y  f a c t o r  for t h i s  case i s  85 percent.  Three 

sepa ra t e  50 pe rcen t  capac i ty  f l a s h  vessels and associated p ip ing  

are furn ished  so t h a t  t h e  scale removal of any one t r a i n  can be 

accomplished w h i l e  f u r n i s h i n g  I00 percent  f l a shed  steam t o  the  

t n r  bine- genera tor. T h i s  arrangement does not  r e q u i r e  any 

scheduled downtime of the e n t i r e  power p l a n t  f o r  scale removal. 

I t  i s  assumed tha t  scale bui ldup i n  t h e  i n j e c t i o n  l i n e  i s  very  
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small, and it can be cleaned a t  any t i m e  dur ing  unscheduled 

downtime o r  downtime tha t  i s  scheduled for  other purposes, 

N o  Minimum I n j e c t i o n  Temperature. Unniodif i e d  Brine, Without 

Redundant F lash  V e s s e l s ,  I f  only t.wo 50  percent  capac i ty  f l a s h  

v e s s e l  t r a i n s  are  furn ished  and downtime of t w o  weeks every 

1 0 0 0  hours  i s  assumed f o r  c leaning ,  a p l a n t  capac i ty  f a c t o r  of 75 

percent  r e s u l t s .  Assuming t w o  more w e e k s  per  year of 

unscheduled downtime (i.e., 4 percent:) the p l a n t  c a p a c i t y  factor 

w i l l  be 71 percent. 

---- N o  Minimum I n j e c t i o n  Temperature, Ac id i f i ed  Brine, The c a p a c i t y  

f a c t o r  f o r  t h i s  case i s  85 percentl ,  s i n c e  t h e  b r i n e  is ac id i f i ed  

i n  t h e  p o w e r  p l a n t  and r e g u l a r  scheduled downtime f o r  c leanup is  

not  required.  Here again,  t h e  i n j e c t i o n  l i n e  cleanup can be 

arranged dur ing  downtime scheduled f a r  other purposes. Sca l ing  

i n  the  power p l a n t  w i l l  be l i m i t e d  t o  t h e  t h r e e  5 0  percent  

c a p a c i t y  f i r s t - s t a g e  f l a s h  vessels and t h e i r  associated piping. 

Any t w o  of these w i l l  always furnish 100 percent primary steam t o  

t h e  turbine.  

- 300F Minimum I n j e c t i o n  Temperature, Unmodified Brine. The 

capacity factor  f o r  t h i s  case i s  71 percent.  I t  i s  assumed t h a t  

t h e  p l a n t  w i l l  have a scheduled downtime of t w o  weeks f o r  

c l ean ing  p r imar i ly  t h e  i n j e c t i o n  l i n e  eve ry  1000 hours, i n  

a d d i t i o n  t o  some scale cleanup i n  the  power plant .  T h i s  r e s u l t s  

i n  the  p l a n t  c a p a c i t y  f a c t o r  of 75 percent.  Assuming t w o  more 

w e e k s  of unscheduled downtime (Le. ,  4 percent) per  year, t h e  
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capac i ty  f a c t o r  is 71  percent.  Providing three t r a i n s  of f l a s h  

v e s s e l s ,  a s  i n  t h e  no minimum i n j e c t i o n  temperature  case, does 

not  improve t h e  capac i ty  f a c t o r  f o r  t h i s  case  because of t h e  

amount of r e g u l a r  c leaning  r equ i r ed  for  the i n j e c t i o n  l i n e .  

300F Minimum I n j e c t i o n  Temperature, Ac id i f i ed  Brine- The 

capac i ty  f a c t o r  f o r  t h i s  case is 71 percent. Due t o  

a c i d i f i c a t i o n ,  t h e  s c a l i n g  i n  t h e  power p l a n t  i s  minimized and no 

r e g u l a r  shutdown f o r  c l ean ing  i s  required.  Howevero the  

i n j e c t i o n  l i n e ,  which carries the  n e u t r a l i z e d  b r i n e ,  does s c a l e  

up and a r e g u l a r  scheduled downtime of two weeks every 1000 hours 

has  been assumed for c l ean ing  t h i s  l i n e .  T h i s  r e s u l t s  i n  a 

c a p a c i t y  f a c t o r  of 75 percent .  Assuming 4 percent  a d d i t i o n a l  

unscheduled downtime results i n  a capac i ty  f a c t o r  of  71 percent ,  

40 2.4 Enerqy Production Costs 

Table 4-12 shows t h e  energy product ion costs i n  mills/kWh for  t h e  

f i v e  c a s e s  s tud ied .  C o s t  e s t i m a t i n g  methods used f o r  c a l c u l a t i n g  

t h e  energy cost a r e  explained i n  Appendix A. The c o s t  of 

c l ean ing  t h e  scale i s  based on e x t r a p o l a t i o n  of t h e  q u a n t i t y  of 

chemicals and manhours expended fo r  the GLEF,  General cost for  

ope ra t ion  and maintenance of t h e  power p l a n t  i s  based on 

informat ion  a v a i l a b l e  for e x i s t i n g  geothermal p l a n t s  a t  The 

Geysers ,  but  manpower has  been increased  t o  account for 

d i f f e r e n c e s ,  such a s  b r i n e  handling. Brine t rea tment  cost covers  

t h e  cost of a c i d  and c a u s t i c  and i s  based on t h e  informat ion  

fu rn i shed  by t h e  Lawrence Livermore Laboratory. C o s t  f o r  s o l i d s  
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TABLE 4-12 

ENERGY PRODUCTION COSTS ESTIMATES (1) 

50 MWe (NET) DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, NILAND, CALIFORNIA 

Capacity Factor ( % )  

Power Plant 
Depreciation 
Return on Investment 
Income Taxes and Ad 

Plant Insurance 4 

Operation and Maintenance 

Valorem Taxes 

General 
Scale Removal 
Brine Treatment 
Sol  id Hauling 

Administration and General 

Total Power Plant 
cost 

Well Field 
Depreciation 
Return on Investment 
Income Taxes 
Ad Valorem Taxes 
Operation and Maintenance 

General 
Scale Removal ( 3 )  

Production Well Replacement 
Injection Well Replacement 
Administration and General 
Royalties 

Total Well Field Cost 

Total Energy Cost 

No Minimum Injection 
Temperature Limit 

Unmodified 
Brine 

8 5 ( 2 )  

3.4 
8 .4  

5.6 
0.1 
2 .2  

1.5 
0 . 3  

0 .4  
- 

0 .6  

2 0 . 3  

0 . 9  
4 . 5  
3 .8  
1 .7  
2 .8  

2 . 8  
0.0 

1 . 3  
0 . 3  
0 . 3  
1.7 

17.3 

37 .6  

Unmodified 
Brine 

( 2 )  ? 1 

4 . 0  
9 . 7  

6 . 5  
0 . 1  
2.6 

1.8 
0 . 3  

0 .5  
- 

0 . 6  

23.5 

1 . 1  
5 . 3  
4 . 5  
2 , l  
3 .3  

3 . 3  
0 .0  

1 .5  
0 . 4  
0 . 3  
2.1 

20.6 

4 4 .  I 

Acid i f iec 
Brine 

85 

3.4 
8 . 3  

5 . 5  
0 . 1  
3 .1  

1.4 

1.3 
0 . 4  

- 

0 . 8  

21 .2  

0 .9  
4 . 5  
3 .8  
1.7 
2 . 8  

2.8 
0 . 0  

1 . 3  
0 . 3  
0 . 3  
1 . 7  

17 .3  

38.5 

1 300F Minimum Injection 
Temperature Limit 

Unmodified 
Brine 

71 

4 . 0  
9 .6  

6 . 4  
0 .1  
2 . 0  

1 .8  
0 . 2  
- 
- 

0 . 5  

22.6 

1.2 
5 . 9  
5 . 0  
2 . 4  
4.5 

4 . 3  
0 . 2  

1.6 
0.5  
0 . 5  
2 . 4  

24 

46.6 

Acidified 
Brine 

71 

4 . 2  
10.2 

6 . 8  
0 . 1  
3 . 2  

1 .8  

1.4 
- 

- 
0 . 8  

2 5 . 3  

1.2 
5 .9  
5 . 0  
2 . 4  
4.5 

4.3 
3.2 

1.6 
0 . 5  
0 . 5  
2 .4  

24 

4 9 . 3  

Notes : 

( 1 )  Based on first quarter 1932 dollars. 

( 2 )  71% capacity factor corresponds to two 50% capacity flash vessel trains (no 
redundant flash vessel case). 85% capacity factor corresponds to three 
50% capacity flash vessel trains (redundant flash vessel case). 

Scale removal cos ts  associated with well field energy costs for no minimum 
injection temperature cases are negligible, i.e., less than 0.1 mill/kWh. 

( 3 )  

4-5 1 



haul ing a p p l i e s  t o  cases w i t h  a b r i n e  s e t t l i n g  pond when t h e  

s ludge,  being processed i n  a c e n t r i f u g e ,  is assumed t o  be 

hauled away. Minor scale removal costs a s s o c i a t e d  w i t h  t h e  

a c i d i f i e d  b r i n e  cases and t h e  chemical costs a s s o c i a t e d  w i t h  t h e  

S t r e t f o r d  process  and t h e  cool ing  tower were found t o  be 

n e g l i g i b l e  and are n o t  inc luded  i n  t h e  power p l a n t  ope ra t ing  and 

maintenance costs. 

af ter  
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Sectio:n 5 

BINARY PROCESS 

The binary process is characterized by the use of a secondary 

working fluid,.such as a light hydrocarbon. Since the working 

fluid is heated by the geothermal fluid, additional equipment 

is required as compared to the flaslhed steam process. The 

cost of this additional equipment must be justified by a higher 

process efficiency and a lower overall cost of produced power. 

5.1 CONCEPTUAL DESIGN 

Four different designs were considered, covering a range of 

technical assumptions. A four-stage flash binary process (no 

acid): assumes unmodified brine, heavy scaling, moderate cor- 

rosion and no minimum injection temperature. A four-stage 

flash binary process (with acid): assumes brine modified by 

acid addition, no scaling, high corrosion, and no minimum in- 

jection temperature. 

A two-stage flash binary process: assumes unmodified brine, 

heavy scaling, moderate corrosion, and a minimum injection 

temperature of 300F. A liquid/liquid heat exchange binary 

process: assumes brine modified by acid addition, no scaling, 

high corrosion, and no minimum injection temperature. Although 

many more variations are possible, theseeprocess designs cover 

a wide range. They should provide EL reasonable basis for 
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comparison with the flashed steam process, considering the 

existing information available for the Salton Sea area. 

5.1.1 Tradeoff Analyses 

The choice of hydrocarbon for use as a working fluid and 

hydrocarbon cycle conditions were based on computerized cycle 

studies. Steam flash conditions and brine reject temperatures 

were obtained by matching the hydrocarbon cycle. Changes to 

the hydrocarbon cycle were made when dictated by steam flash 

requirements or to reduce brine consumption. The number of 

flash stages was set at four as the result of an earlier study 

made for the Niland location. Two stages were used for the 

300F  injection case as a matter of engineering judgment. Al- 

though further improvements in cycle efficiency and economics 

could probably be effected, the improvements would probably not 

be significant in terms of the purposes of this study. 

5.1.2 Energy Conversion Processes 

In the power plants using the closed loop binary process the 

hot geothermal brine transfers heat to a working fluid in in- 

direct contact heat exchangers such as shell-and-tube heat 

exchangers. The working fluid, a hydrocarbon, has a boiling 

point at the operating pressure which is lower than the brine 

temperature and it leaves the heat exchanger as a saturated or 

slightly superheated vapor. The vapor is expanded in a turbine 

to convert thermal energy to mechanical energy and the expanded 
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vapor is condensed and recycled to the heat exchangers, thus 

closing the loop. The cooled brine is reinjected into the 

reservoir. 

Three processes are c?eecribed., which differ in the way in which 

heat is transferred to ?he working fluid. The hot brine entering 

the plant is free f lcwj- r ig  am1 contai.ns about 10 percent steam 

ky weight. 

In the four-stage flash hi.na:-y process, the brine is separ3ted 

from the steam and then subjected to three rcre flashes, thus 

generating steam at four different temperatures. The working 

fluid is heated and vaporized countercurrent by the steam in 

four stages. The two-stage flash binary process is similar to 

the four-stage process, but only two flashes are employed and 

the brine is reinjected at a higher temperature ( 3 0 0 F ) .  

In the liquid/liquid binary process, brine is separated from 

the steam and heat is transferred from the liquid brine to the 

liquid working fluid in a shell-and-tube heat exchanger. The 

working fluid is then vaporized in EL separate heat exchanger 

by heat transferred from the steam. 

5 . 1 . 2 . 1  Four-Stage Flash Binary Process 

A flow sheet with heat and material balance for this process is 

shown in Figure 5 - 1  (Drawing 7748-D-3202) and the enthalpy cycle 

is presented in Figure 5-2.  
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Hot brine enters the flash vessel V-1 at 3 7 4 F  and 150 psia. 

The steam is separated from the brine and scrubbed with con- 

densate. The brine, which may or may not be treated to adjust 

acidity, flows to the flash vessel V-2 where the pressure is 

reduced to 9 5  psia. The steam generated in V-2 is separated 

from the brine and scrubbed with condensate. The flashing pro- 

cess is repeated two more times in vessels V-3 and V-4 until 

the pressure is reduced to 1 7  psia. At this point the brine 

temperature is 2 3 3 F .  The brine is neutralized, if required, 

and settled to remove solids; and finally pumped to the injec- 

tion wells. 

Hydrocarbon recycled from the hydrocarbon condenser is heated 

by the steam from the flash vessels in four stages, E-6, E-4, 

E-2 and E-1. Condensate from each of these hydrocarbon heaters 

is used to heat hydrocarbon in intermediate heaters, E-7,  E-5 

and E-3, allowing the condensate temperature in each heater to 

drop to the temperature of the steam from the next flash. In 

this manner both condensate and steam are passed countercurrent 

to the hydrocarbon for'optimum heat transfer. The condensates 

are joined successively with condensed steam from the following 

stage and thus all condensates pass through the heat exchanger 

(E-7 )  to be cooled to 133F so that maximum heat recovery can 

be achieved. The cold condensate is used as makeup water in 

the cooling tower CT-1. 
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The scrubbed steam from the first stage V-1 enters heat 

exchanger E - 1  saturated at 357F. As the steam condenses 

giving off its latent heat to the hydrocarbon, the condensing 

temperature decreases due to the presence of noncondensibles. 

These are vented at 325F which is the temperature of the 

steam from the next flash. Thus, there is no intermediate 

heater between the first and second flash and the condensate 

from E-1  is joined directly with the condensate from E-2. 

The hydrocarbon is heated from 107F to 337F in heat exchangers 

E-7 through E-1. At this point the hydrocarbon is a slightly 

superheated vapor at 376 psia. The vapor is expanded in the 

turbine T-1 driving the generator, and is then cooled and con- 

densed in the condenser E-8. The condensed hydrocarbon is 

stored in the accumulator V-6 for recycling to the heating 

process. 

The cooling water for the condensers is circulated over the 

cooling tower. Under normal conditions the condensate is 

more than sufficient for makeup and the blowdown is about 

350 gal/min. 

5.1.2.2 Two-Stage Flash Binary Process 

The two-stage flash binary process is shown in Figure 5-3 

(Drawing 7748-D-3203) and the enthalpy cycle is presented 

in Figure 5-4. 
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T h i s  p r o c e s s  i s  des igned  f o r  a b r i n e  i n j e c t i o n  t e m p e r a t u r e  

o f  300F. H o t  b r i n e  e n t e r s  t h e  f l a s h  v e s s e l  V - 1  a t  374F and 

150 p s i a .  The steam i s  s e p a r a t e d  from t h e  b r i n e  and sc rubbed  

w i t h  condensa te .  The b r i n e  f l o w s  t o  t h e  f l a s h  vessel  V-2 

where t h e  p r e s s u r e  i s  reduced  t o  54 p s i a .  A t  t h i s  p o i n t  t h e  

t e m p e r a t u r e  i s  300F and t h e  b r i n e  from V-2 i s  pumped t o  t h e  

i n j e c t i o n  w e l l s .  The steam g e n e r a t e d  i n  V-2 i s  sc rubbed  w i t h  

condensa te .  

Hydrocarbon r e c y c l e d  from t h e  hydrocarbon condense r  i s  p r e -  

h e a t e d  w i t h  h o t  condensa te  and i s  f u r t h e r  h e a t e d  and v a p o r i z e d  

by steam from t h e  two f l a s h  v e s s e l s .  The hydrocarbon l e a v i n g  

t h e  h e a t  exchange r s  i s  s l i g h t l y  s u p e r h e a t e d  a t  337F. The 

vapor  i s  expanded i n  t h e  t u r b i n e  T-I. d r i v i n g  t h e  g e n e r a t o r  

and i s  t h e n  coo led  and condensed i n  condense r s  E-4. The con- 

densed  hydrocarbon i s  s t o r e d  i n  accumula to r s  V-4 f o r  r e c y c l i n g  

t o  t h e  h e a t i n g  p r o c e s s .  

The c o o l i n g  w a t e r  for t h e  c o n d e n s e r s  i s  c i r c u l a t e d  over t h e  

c o o l i n g  tower CT-1. Under normal c o n d i t i o n s  t h e  condensa te  

i s  more t h a n  s u f f i c i e n t  f o r  makeup. 

5 .1 .2 .3  L iqu id /L iqu id  B ina ry  P r o c e s s  - 

A f l o w  s h e e t  w i t h  h e a t  and mater ia l  b a l a n c e  f o r  t h i s  p r o c e s s  i s  

shown i n  F i g u r e  5-5 (Drawing 7748-D-3201) and t h e  e n t h a l p y  c y c l e  

i s  p r e s e n t e d  i n  F i g u r e  5-6. 
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Hot brine enters flgsh vessel V-1 at 3 7 4 F  and 150 psia. The 

steam is separated from the brine and scrubbed with condensate. 

The brine is acidified after leaving V-1 and is then sent to 

heat exchangers E-2 where it is cooled to about 1 6 0 F  giving 

off heat to the hydrocarbon, which is heated from 138F to 3 2 0 F .  

The brine is neutralized and settled for removal of solids and 

is finally pumped to the injection wells. 

The heated hydrocarbon, which is at or near its boiling point 

of 3 2 0 F  at about 3 3 8  psia, is vaporized and superheated to 3 3 7 F  

in heat exchangers E-1. The scrubbed steam from V-1 is used 

to vaporize the hydrocarbon. It enters E - 1  saturated at 357F. 

As the steam condenses giving off its latent heat to the hydro- 

carbon, the condensing temperature decreases due to the presence 

of noncondensibles. These are vented at 3 4 0 F  and the condensate 

is further cooled in heat exchangers E-3 to preheat the hydro- 

carbon which is recycled to the heating process from surge 

drums V-2. The cold condensate is used as makeup water in the 

cooling tower CT-1. 

The hydrocarbon vapor is expanded in turbine T-1 driving the 

generator, and is then cooled and condensed in condensers E-4. 

It is stored in accumulators V-2 for recycling to the heating 

process. 

The cooling water for the condensers is circulated over the 

cooling tower. Makeup water and condensate are pumped to 

5-14 
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the cooling tower to maintain a concentration factor of 3 in 

the blowdown. 

5.1.2.4 Plant Performance and Auxiliary Power Requirements 

Table 5-1 is a summary of plant performance data and auxiliary 

power requirements. The liquid/liquid binary process is the 

most efficient, with a specific net output of 10.54 Wh/lb. The 

four-stage flash process has a specific net output of 9.35 Wh/lb, 

followed by the two-stage flash at 7.65 Wh/lb. Total auxiliary 

power requirements increase from 8,600 kW for the liquid/liquid 

process, to 8,650 kW for the four-stage process, to 10,070 kW 

for the two-stage process. All of the above is for end-of-run 

conditions, with a downhole temperature of 482F. 

TABLE 5-1 
PLANT PERFORMANCE 

Net Electric Power Output, kW 
Auxiliary Power, kW 

Cooling Water Pump 
Injection Pump 
W.C. Circulation Pump 
Cooling Tower Fan 
Miscellaneous Loads 

Total Aux. Power, kW 
Power Generated, Gross, kW 
Brine Flow Rate lo6 lbs/hr 
Downhole Temperature, F 
Specific Net Output, Wh/lb Brine 
Net Brine Rate lb Brine/kWh 
Turbine Generator Efficiency, % 

Expander 
Electrical 

BINA 
Liquid/Liquid 
Exchanser 
50 I 000  

2,370 
1,580 
3,460 
1,040 
150 

8,600 
58 , 600 
4.746 
482 

10.54 
94.9 

84.6 
99.0 

I PROCESS 
4-Stage 
Flash 
50,000 

1,940 
1,580 
4,040 
940 
150 

8,650 
58 , 650 
5.346 
482 
9.35 
107.0 

84.6 
99.0 

2-Stage 
Flash 
50 I 000  

2,660 
2,280 
3,960 
1,020 
150 

1 0  , 070  

60,070 
6.536 
482 
7.65 
130.7 

84.6 
99.0 
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PI - 5 .1 .3  w e r  P l a n t  F a c i l i t i e s  

A p l o t  p l a n  f o r  t h e  f o u r - s t a g e  f l a s h e d  steam b i n a r y  p r o c e s s  i s  

shown i n  F i g u r e  5-7 (Drawing 7748-D--3204). P l o t  p l a n s  f o r  t h e  

o t h e r  b i n a r y  p r o c e s s e s  d i f f e r  so l i t t l e  from t h a t  f o r  t h e  f o u r -  

s t a g e  p r o c e s s  t h a t  o n l y  one p l o t  p l a n  i s  p r e s e n t e d .  

T a b l e s  5-2, 5-3 and 5-4 are  equipment  l i s ts  f o r  t h e  b i n a r y  pro-  

cesses. The same equipment  l i s t  i s  used f o r  b o t h  t h e  a c i d  and 

nonac id  v e r s i o n s  of  t h e  f o u r - s t a g e  p r o c e s s ,  s i n c e  d i f f e r e n c e s  

are l i m i t e d  t o  mater ia l s  of  c o n s t r u c t i o n  and c o r r o s i o n  a l lowances .  

5 . 1 . 4  Well F i e l d  F a c i l i t i e s  

The w e l l  f i e l d  f a c i l i t i e s  are  e s s e n t - i a l l y  t h e  same as t h o s e  

d e s c r i b e d  f o r  t h e  f l a s h e d  steam p r o c e s s  i n  S e c t i o n  4 e x c e p t  f o r  

number of  w e l l s .  The number of w e l l s  f o r  t h e  b i n a r y  p r o c e s s e s  

i s  g i v e n  i n  T a b l e s  5-9 and 5-10, C a p i t a l  Cos t  of  W e l l  F i e l d s .  

5.2 COST ESTIMATES 

Cos t  e s t i m a t i n g  f a c t o r s  and g e n e r a l  methods are  t h e  s a m e  as 

used  f o r  t h e  f l a s h e d  s t e a m  p r o c e s s  o f  S e c t i o n  4 .  

5 . 2 . 1  C a p i t a l  Cos t  of Power P l a n t s  - 

The c a p i t a l  cost  es t imate  f o r  t h e  f o u r - s t a g e  f l a s h  b i n a r y  power 

p l a n t  ( w i t h  a c i d )  i s  summarized i n  Tab le  5-5, t h e  f o u r - s t a g e  

f l a s h  b i n a r y  (no  a c i d )  estimate i n  Tab le  5-6, t h e  two-s tage  

f l a s h  b i n a r y  es t imate  i n  Tab le  5-7, and t h e  l i q u i d / l i q u i d  h e a t  

5-19 



TABLE 5-2 

tn 
I 
h) 
0 

MAJOR EQUIPMENT 
FOUR-STAGE FLASH BINARY PROCESS 

{eat Exchangers 
2 - 1  1st Stage Steam/H.C. Exchanger 
2-2 2nd Stage Steam/H.C. Exchanger 
2-3 3rd Stage Steam/H.C. Exchanger 
Z-4 4th Stage Steam/H.C. Exchanger 
E-3 1st Condensate/H.C. Exchanger 
E-5 2nd Condensate/H.C. Exchanger 
E-7 3rd Condensate/H.C. Exchanger 
E-8 H.C. Condenser Finned Surface 
Vessels 
V-1 1st Stage Flash Vessel/Scrubber 
V-2 2nd Stage Flash Vessel/Scrubber 
V-3 3rd Stage Flash Vessel/Scrubber 
V-4 4th Stage Flash Vessel/Scrubber 
V-5 Separator 
V-6 H.C. Surge Drum, 4 Tanks @ 

5 9 , 0 0 0  ft2 
12,000 ft2 
12,000 ft2 

2,200 ft2 
13,000 ft2 

5 , 9 0 0  ft2 
1 7 , 0 0 0  ft2 
622,000 ft2 

1 9 '  x 1 5 ' 6 "  dia. 
19' x 11' dia. 
1 9 '  x 11' dia. 
19' x 1 5 '  -dia. 
10' x 3'6" dia. 
5 0 '  x 9 ' 6 "  dia. 

MATI 
Acid 
Treat. 
ss 
cs 
cs 
cs 
cs 
cs 
cs 
ss 

SS clad 
CrMo 
CrMo 
CrMo 
SS clad 

cs 
- 

Pumps 
P-1 H.C. Circulation, 3 + 1  spare @ 6,200 gal/min, 1,800 hp 
P-2 Cooling Water Circulation, 2+1 spare @ 52,000 gal/min, 1,300 hp 
P-3 Injection Pump, 2+2 spares @ 3,700 gal/min, 1,100 hp 
P-4 Blowdown Cooling Water Pump, 500  gal/min, 25 hp 
Coolina Tower 

IALS 
No Acid 
Treat. 
ss 
cs 
cs 
cs 
cs 
cs 
cs 
ss 

SS clad 
cs 
cs 
cs 

SS clad 
cs 

CT-1 Mechanical Draft, 7 Cells, Fan hp: 180/Cell 
Expander 
T-1 H.C. in @ 337F, 376 psia, Exhaust @ 208F, 29  pSia 
Generator 
G-1 60,000 kW 
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TABLE 5-3 

MAJOR EQUIPMENT 
TWO-STAGE FLASH BINARY PROCESS 

1 I 

Heat Exchangers 
E-1 1st Stage Steam/H.C. Exchanger 77 ,000  ft2 

E-3 1st Condensate/H.C. Exchanger 14,000 ft2 
E-4 H.C. Condenser, Ext. Surfaces 536 ,000  ft2 
Vessels 

E-2 2nd Stage Steam/H.C. Exchanger 19 ,000  ft2 

V-1 1st Stage Flash Vessel/Scrubber 1 9 '  x 1 7 '  dia. 
V-2 2nd Stage Flash Vessel/Scrubber 1 9 '  x 1 5 ' 6 "  dia. 
V-3 Separator 1 0 '  x 3 ' 6 "  dia. 
V-4 H.C. Surge Drum, 4 Tanks @ 5 0 '  x 9 ' 6 "  dia. 

1 

Treat. 
S 6  
cs 
cs 
ss 

SS clad 

Pumps 
P-1 H.C. Circulation, 3+1 spare @ 6 ,100 gal/min, 1 ,760  hp 
P-2 Cooling Water Circulation, 2+1 spare @ 70,000 gal/min, 1 , 7 8 0  hp 
P-3 Injection Pump, 2+2 spares @ 4,900 gal/min, 1 , 5 2 0  hp 
P-4  Blowdown Cooling Water Pump, 500  gal/min, 25 hp 

Cooling Tower 
CT-1 Mechanical Draft, 7 Cells, Fan hp: 200/Cell 

Expander 
T-1 H.C. in @ 337F,  3 7 0  psia, Exhaust @ 205F, 26 psia 

Generator 
G-1 60,000 kW 



TABLE 5-4 

MAJOR EQUIPMENT 

ul 
I 
h) 
b b  

LIQUID/LIQUID BINARY PROCESS 
r r 

Heat Exchangers 
E-1 Vaporizer 39,000 ft2 
E-2 Brine/H.C. Exchanger 129,000 ft2 
E-3 Condensate/H.C. Exchanger 4,500 ft2 
E-4 Condenser 537,000 ft2 
Vessels 
V-1 Flash Vessel/Scrubber 17' x 1 4 '  dia. 
V-2 H.C. Surge Drum, 4 Tanks @ 5 0 '  x 9 ' 6 "  dia. 

MATERIALS 
Acid 
Treat. 
ss 
CrMo 
cs 
ss 

SS clad 
cs 

Pumps 
P-1 H.C. Circulation, 3+1 spare @ 6 , 5 0 0  gal/min, 1,550 hp 
P-2 Cooling Water Circulation, 2+1 spare @ 6 3 , 0 0 0  gal/min, 1 , 8 0 0  hp 
P-3 Blowdown Cooling Water Pump, 5 0 0  gal/min, 25 hp 
P-4 Injection Pump, 2+2 spares @ 3,700 gal/min, 1,100 hp 

Cooling Tower 
CT-1 Mechanical Draft, 8 Cells, Fan hp: 180/Cell 

Expander 
T-1 H.C. in @ 337F, 321 psia, Exhaust @ 221F, 26 psia 

Generator 
G-1 6 0 , 0 0 0  kW 



TABLE 5-5 

CAPITAL COST ESTIIvlATE, POWER PLANT 
5 0  MWe (NET) 4 STAGE FLASH BINARY 

SALTON SEA KGRA, NILAND, CALIFORNIA 
NO MINIMUM BRINE INJECTION TEMPERATURE, ACIDIFIED BRINE 

CAPACITY FACTOR 8 5 %  

Mechanical Equipment 
Turbine-Generator 
H,S Abatement System 
Tanks & Vessels 
Condensers 
Cooling Tower 
Pumps and Drives 
Other Mechanical 
Accumulators 

Piping and Instrumentation 
Electrical 
Civil/Structural 
Yardwork & Miscellaneous 

Direct Field Costs 
Indirect Cost, 6 5 %  of Labor 
Total Field Cost 
Engineering Services @ 1 4 %  

Total Field Cost & Engineering 
Contingency @ 2 0 %  

Total Construction Cost, 

Escalation 
First Quarter 1 9 7 8  Dollars 

Owner's Cost @ 8 %  

AFDC 

Total Capital Cost, 
First Quarter 1 9 8 2  Dollars 

TOTAL 

Labor 
$1,000 

306  
1 7 0  
1 5 3  
1 5 3  
1 1 5  
-6 8 
1 7  
3 4  

272  

336  

846  

5 1  

2 , 5 2 1  

1 ,639 

4,160 

2,880 

Material 
$ 1 , 0 0 0  

4,200 
1 ,100 
2,240 
2,300 
1 ,350  
1 ,600  

1 2 0  
350  

1 I 1 5 0  

9 6 0  

8 8 0  

1 6 0  

1 6 , 4 1 0  
------ 
1 6  , 410  
------ 

1 6  , 410 
9 4 0  

20,650 

5 5 0  

21 ,200 

1 ,880  

23 ,080 

40,350 

5-25  



TABLE 5-6 

CAPITAL COST ESTIMATE, POWER PLANT 
50 MWe (NET) 4 STAGE FLASH BINARY 

SALTON SEA KGRA, NILAND, CALIFORNIA 
NO MINIMUM BRINE INJECTION TEMPERATURE, UNMODIFIED BRINE 

CAPACITY FACTOR 7 1 %  

Mechanical Equipment 
Turbine-Generator 
HzS Abatement System 
Tanks & Vessels 
Condensers 
Cooling Tower 
Pumps and Drives 
Other Mechanical 
Accumulators 

Piping and Instrumentation 
Electrical 
Civil/Structural 
Yardwork & Miscellaneous 

~~ ~ 

Direct Field Costs 
Indirect Cost, 6 5 %  of Labor 
Total Field Cost 
Engineering Services @ 1 4 %  

Total Field Cost & Engineering 
Contingency @ 2 0 %  

Total Construction Cost, 
First Quarter 1 9 7 8  Dollars 

Escalation 

Owner's Cost (3 8% 

AFDC 

Total Capital Cost, 
First Quarter 1 9 8 2  Dollars 

TOTAL 

Labor 
$1,000 

306  
1 7 0  
1 7 0  
1 5 3  
1 1 5  

68  
1 7  
34  

255  

336  

846 

5 1  

2 , 5 2 1  

1 ,639 

4 ,160 

2,820 

6,980 

3 ,680 

10 , 660  

2,770 

1 3  , 430  

2 ,150 

15 ,580  

1 . 4 6 0  

Material 
$1 , 000 

4 ,200 
1,100 
2 , 000 
2 ,300 
1 , 3 5 0  
1 , 6 0 0  

1 2 0  
280  

1 ,050  

9 6 0  

880  

1 6 0  

16 , 0 0 0  

9 2 0  

1 6  , 9 2 0  

3,210 

20 ,130  

540  

20 , 6 7 0  

1 ,830  

22  , 500  

I 

. -  

I 
i 
I 
I 
I 
I 
I 

I 
I 

I 

I 
i 
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TABLE 5-7 
CAPITAL COST ESTIMATE, POWER PLANT 
50 MWe (NET) 2 STAGE FLASH BINARY 

SALTON SEA KGRA,  NILAND, CALIFORNIA 
300F BRINE INJECTION TEMPERATURE, UNMODIFIED BRINE 

CAPACITY FACTOR 71% 

221 
336 
780 

Mechanical Equipment 
Turbine-Generator 
H , S  Abatement System 
Tanks E, Vessels 
Condensers 
Cooling Tower 
Pumps and Drives 
Other Mechanical 
Accumulators 

Piping and Instrumentation 
Electrical 
Civil/Structural 
Yardwork & Miscellaneous 

900 
960 
860 

Labor 
$1,000 $1,000 

6,740 
3,610 

I 10,350 

306 
170 
136 
153 
115 
-8 5 
17 
34 

15 , 800 
900 

16 , 700 

4,200 
1,100 
1,730 
2,300 
1,450 
1,740 
120 
280 

Escalation 

Owner's Cost @ 8% 

AFDC 

2,690 3,170 

13,040 19 , 870 
2,110 530 
15,150 20,400 
1,420 1,810 

I 51 

Direct Field Costs 
Indirect Cost, 658 of Labor 
Total Field Cost 

I 2,404 

160 

15 , 800 

------ Engineering Services @ 14% I 2,770 I 
Total Field Cost & Engineering 

Contingency @ 20% 
Total Construction Cost, 
First Quarter 1978 Dollars 

Total Capital Cost, 
First Quarter 1982 Dollars 

TOTAL 

22,210 

38,780 
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exchange binary estimate in Table 5-8. The four-stage with acid 

estimate is $40,350,000,  slightly higher than for the no acid 

use estimate of $39 ,540 ,000 .  The difference is due to the use 

of allqy in the with-acid case. The estimated cost for the 

two-stage process, $38,780,000,  is lower than either of the 

four-stage cases because the simpler process requires less 

equipment. The estimated cost for the liquid/liquid heat ex- 

change process is $43,700,000,  highest of the four processes 

con3idered. The high cost arises out of the more complex 

equipment requirements and the need for alloy. 

5.2.2 Capital Cost of Well Fields 

The estimated capital costs of well fields for all four processes 

at the start of run are summarized in Table 5-9. Since 75 per- 

cent or more of the total cost is in the cost of the wells them- 

selves, the well field cost is a strong function of the number 

of wells. Well field costs range from a low of $8,224,000 for 

the liquid/liquid process at start of run to a high of $11 ,046 ,000  

for the two-stage process. 

5.2 .3  Capacity Factors 

Plant on stream capacity factors are the same as for the flashed 

steam process; 85 percent for the acid treated brine cases and 

7 1  percent for the unmodified brine cases. 

5-28 



TABLE 5-8 
CAPITAL COST ESTIMATE, POWER PLANT 

50 MWe (NET) LIQUID/LIQUID HEAT EXCHANGE 
SALTON SEA KGRA, NILAND, CALIFORNIA 

NO MINIMUM BRINE INJECTION TEMPERATURE, ACIDIFIED BRINE 
CAPACITY FACTOR 85% 

Mechanical Equipment 
Turbine-Generator 
H,S Abatement System 
Tanks & Vessels 
Condensers 
Cooling Tower 
Pumps and Drives 
Other Mechanical 
Accumulators 

Piping and.Instrumentation 
Electrical 
Civil/Structural 
Yardwork & Miscellaneous 

Direct Field Costs 
Indirect Cost, 65% of Labor 
Total Field Cost 
Engineering Services @ 14% 

Total Field Cost & Engineering 
Contingency @ 20% 
Total Construction Cost, 

Escalation 
First Quarter 1978 Dollars 

Owner's Cost @ 8% 

AFDC 

Total Capital Cost, 
First Quarter 1982,Dollars 

TOTAL 

5-29 

Labor 
$1,000 

306 
170 
190 
153 
115 
-6 8 
17 
34 
304 
336 
910 
51 

2,654 
1,726 
4,380 
3,120 

7,500 
4,070 

11,570 
2,950 

14 , 520 
2,370 
16,890 
1,590 

18,480 

Material 
$1,000 

4,200 
1,100 
3,060 
2,300 
1,750 
1,600 
120 
400 

1,260 
960 

1,010 
160 

17 , 920 
------ 
17,920 
------ 

17 , 920 
1,010 

18,930 
3,650 

22,580 
590 

23 , 170 
2,050 

25,220 

43,700 



5 0  MWe (NET) BINARY ENERGY CONVERSION 
Liquid/Liquid Four-Stage 
Exchange Flash 
$1,000 $1,000 

LABOR MATERIAL LABOR MATERIAL 

Brine Supply Lines 
Materials & Subcontracts 7 1 1 9  8 1 3 7  
Installation 60 - 69  - 

Materials & Subcontracts 1 2  6 2 7  1 2  6 2 7  
Installation 1 7 3  - 1 7 3  - 

TOTAL FIELD COSTS OF LINES 252 746 262  7 6 4  
Engineering, 1 4 %  1 4 0  - 1 4 5  - 
TOTAL FIELD & ENGINEERING 39 2 746  4 0 7  7 6 4  
Contingency, 20% 1 8 5  43 1 9 1  43  

TOTAL CONSTRUCTION COST OF 577  789 5 9 8  8 0 7  

Geothermal Wells 
(Subcontracts ) 1 ,785  3 ,315 1 , 9 9 5  3,705 

WELL FIELD (First Quarter 2,362 4,104 2,593 4,512 
1 9 7 8 )  

ESCALATION 6 2 2  778  6 8 3  8 5 5  

CONSTRUCTION COST PLUS 2,984 4,882 3,276 5 ,367 

1 3 3  225 1 5 1  2 4 8  AFDC 

3,117 5,107 3,427 5 ,615 TOTAL CAPITAL COST 

Brine Injection Lines 

Ln 
I 
w 
0 LINES (First Quarter 1 9 7 8 )  

TOTAL CONSTRUCTION COST OF 

ESCALATION 
~~ ~~ 

(First Quarter 1 9 8 2 )  

9 ,042 TOTAL 8,224 

Production Wells 1 3  1 5  
Injection Wells 6 6 

Two-Stage 
Flash 
$.l, 000 

LABOR MATERIAL 

9 1 6 5  - 83 

1 4  7 3 1  
2 0 2  

3 0 8  896  
1 6 9  

4 7 7  8 9 6  
225  5 0  

7 0 2  9 4 6  

- 

- 

2,380 4 ,420 

3 ,082 5,366 

8 9 5  1 , 2 1 5  

3 ,977 6 , 5 8 1  

1 8 4  3 0 4  

4 ,161  6 ,885 

11 ,046 

1 8  
7 



5 . 2 . 4  Energy Production Costs 

1 
I 
I 
1 
I 
1 
I 
1 
I 
I 

Estimated energy production costs are summarized in Table 5-10. 

The lowest cost, 38.7 mills/kWh, is achieved by both the liquid/ 

liquid heat exchange process and the four-stage process with 

acidified brine. The higher capital cost has been more than 

offset by higher thermal efficiency. The liquid/liquid process 

depends on the ability to use shell-and-tube heat exchangers 

for transferring heat from acidified brine. This operation has 

not been demonstrated and, therefore, the process has a high 

technical risk. Also, the capital cost for the liquid/liquid 

process is the highest of the four binary processes. Thus, the 

four-stage process with acidified brine is the process to be 

compared with the flashed steam process. 

The four-stage process without acid shows an estimated cost of 

43.7 mills/kWh, a marked increase over the acidified brine case. 

The increase can be attributed, for the most part, to a lower 

capacity factor. The highest estimated energy production cost 

is for the two-stage flash process, which suffers from both a 

l o w  capacity factor and a low brine utilization efficiency. 
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TABLE 5-10 

Royalties 
TOTAL - WELL 

ENERGY PRODUCTION COST ESTIMATES 
50 MWe (NET) BINARY ENERGY CONVERSION 
SALTON SEA KGRA NILAND, CALIFORNIA 

1.6 
i~ a 

F 

With Acid 
mi 1 ls/kWh 

CAPACITY FACTOR, % 

POWER PLANT 
Depreciation 
Return on 
Investment 
Income Tax and 
Ad Valorem Tax 
Plant Insurance 
Operation & 
Maintenance 

TOTAL - ENERGY 
COST 

5.9 

0.1 

3.5 

Administration 
and General 
TOTAL - POWER 
PLANT COST 

38. 

85 

3.6 

8.8 

WELL FIELD 
Depreciation 
Return on 
Investment 
Income Tax 
Ad Valorem Tax 
Operation & 
Maintenance 
Production Well 
Replacement 
Injection Well 
Replacement 
Administration 
and General 

0.8 

4.1 

3.5 
1.6 

2.5 

1.2 

0.3 

0.3 

FIELD COST I I J * >  

MHED BINA 

No Acid 
mi 11 s/kWh 

71 

4.2 

10.3 

6.9 

0.1 

2.7 

0.7 

24.9 

1.0 

4.9 

4.1 
1.9 

3.0 

1.4 

0.3 

0.3 

1.9 
18.8 

43.7 

Y 

~ at 300F 
Injection 

mi 1 ls/kWh 
71 

4.1 

1 0 . 1  

6.7 

0.1 

1.4 

0.4 

22.8 

1.2 

6.0 

5.0 
2.4 

4.3 

1.7 

0.4 

0.4 

2.4 
23.8 

46.6 

Binary 
with Liquid/ 
Liquid Hx 
mill s/kWh 

, 85 

3.9 

9.5 

6.3 

0 . 1  

3.4 

0.9 

24.1 

3.7 

3.1 
1.5 

2.5 

1.0 

0.3 

0.3 

1.5 
14.6 

3,8. 7 
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Section 6 

COMPARISCINS 

1 
1 
I 
I 
I 
1 
1 
I 
I 
1 

Binary processes are in general somewhat more efficient than 

the dual flash steam process; they require less brine for a 

given net power output. The improved efficiency is, however, 

achieved at the expense of additional equipment. The choice 

of process depends on whether or not the additional equipment 

and power plant capital costs are justified by the reduction 

in brine requirements and well field capital costs. The 

flashed steam process is superior on. the basis of estimated 

capital cost. Within the accuracy of the estimates, the 

energy production cost is the same. In addition, technical 

risks are probably somewhat less for the flashed steam pro- 

cess; the large hydrocarbon turbines specified for the binary 

process are not currently in commercial use, and the hydro- 

carbons present a potential fire hazard. Thus, the flashed 

steam process should be selected for the next phase of work 

at the GLEF. The binary processes should not be completely 

abandoned, however, since the potential f o r  significant ad- 

vantages exists. 

6 . 1  TECHNICAL 

Table 6-1 presents a summary of some of the plant performance 

values for both flashed steam and binary processes. As shown 
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Dual Steam Flash 
Injection @ 241F 

Injection @ 300F 

Auxiliary 
Power 
kW 

Four-Stage Binary 

Injection @ 233F 
Two-S tage Binary 

Injection @ 300F 
Liquid/Liquid Binary 

Injection @ 1 6 0 F  

Brine 
Flow Rate 
l o 6  lb/hr 

TABLE 6-1 

PLANT PERFORMANCE COMPARISON 

Efficiency 
% (1) Production 

6 , 6 1 0  

7 , 1 1 0  

8 0 . 9 / 7 8 . 4  

8 0 . 9 / 7 8 . 4  

8 4 . 6  

8 4 . 6  

8 4 . 6  

5 . 6 2  

6 . 0 9  

1 6  

1 7  

1 5  

1 8  

13 

8 , 6 5 0  

1 0 , 0 7 0  

8 , 6 0 0  

(1) Includes mechanical drive. 

(2) Start of run. 

5 . 3 5  

6 .54  

4.75 

Turbine I Number of Wells (2) 

Injection 



- . - . . . . . -. . 

in the table, the auxiliary power requirements for the flashed 

steam processes are less than for the binary processes. The 

differences are primarily due to the power requirements of the 

hydrocarbon circulation pumps used in binary processes. 

Brine flow rates for 50 MWe net power output, on the other 

hand, are less for binary processes. Steam turbine charac- 

teristics lead to the choice of two stages of steam flashing, 

which limits the ability of the process to extract heat from 

the brine. The brine rejection temperature for 'the dual 

steam flash process is 241F as compared to 160F for the 

liquid/liquid binary. Turbine efficiencies also favor the 

binary process. Commercial hydrocarbon turbines designed 

with due regard to overall economics characteristically have 

higher efficiencies than those designed for use with steam. 

The large hydrocarbon turbines specified for the binary 

process are not currently in commercial use. Smaller, com- 

mercially tested hydrocarbon turbines are available, and 

manufacturers claim that the larger units are within the 

state of the art. However, large sized hydrocarbon turbines 

do not have the demonstrated reliability of large steam tur- 

bines. 

The hydrocarbons used in the binary process present a poten- 

tial fire hazard. This hazard should be somewhat less than that 

normally encountered in existing facilities such as petroleum 
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refineries since the hydrocarbon is contained in a closed loop 

system. Also, the techniques for assuring safety are well de- 

veloped and experience shows that hydrocarbons can be handled 

safely. On the other hand, a significant hazard does exist. 

6.2 OPERATION AND MAINTENANCE 

The brine handling portions of steam flash and binary processes 

are the same except for the liquid/liquid binary. Since brine 

handling is expected to provide the majority of operation and 

maintenance problems, the two types of processes should be quite 

similar in this respect. The liquid/liquid binary process, 

however, depends on the successful handling of brine in shell- 

and-tube heat exchangers. Although significant scale control 

has been demonstrated by using acid, significant risk remains 

with this process. 

Although operations and maintenance should be somewhat similar 

for both types of process, the steam flash processes can be 

expected to have some advantages. Steam flash processes use 

fewer pieces of equipment and steam turbines are relatively 

trouble free. On the other hand, the turbine loop in binary 

processes is closed; acid gases from the brine do not enter 

the turbine. 

6-4  



6.3 CAPITAL COSTS 
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The increased efficiency of the binary process is achieved at 

the expense of higher power plant capital costs. While well 

field costs are reduced, the total capital cost for the binary 

processes are higher than for the corresponding flashed steam 

processes. 

In this study the minimum energy production cost for binary 

processes is obtained with acid modi.fied brine, no minimum 

injection temperature, and a four-stage flash. Total capital 

cost is 49.4 millions of dollars whi.le the capital cost for 

the comparable flashed steam process; is $48 .0  millions. Table 

6-2 is a summary of capital costs. 

TABLE 6-2 

TOTAL CAPITAL COST 

BINARY PROCESS 

Four-Stage Flash, Acidified Brine 
Four-Stage Flash, Unmodified Brine 
Two-Stage Flash, Unmodified Brine, 

Liquid/Liquid, Acidified Brine 
300F Injection 

FLASHED STEAM PROCESS 
No Limit, Acidified Brine 
No Limit, Unmodified Brine 
No Limit, Unmodified Brine, Parallel Trains 
300F Injection, Acidified Brine 
300F Injection, Unmodified Elrine 

l o 6  $ 

49 .4  
48.6 
49.8  

51.9 

48 .0  
47.0 
48.2 
5 0 . 1  
48 .0  
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6.4 ENERGY PRODUCTION COSTS 

Table 6-3 presents a comparison of estimated energy production 

costs. 

the power plant costs per unit of produced power are higher 

for the binary processes than for the flashed steam. Well 

field costs per unit of power are, on the other hand, less for 

the binary processes. 

able cases are a reflection of the lower brine requirements 

for the binary processes. 

cases are essentially the same. 

processes is 38.7 mills/kWh; the comparable cost for flashed 

steam is 38.5 mills/kWh. A still lower cost, 37.6 mills/kWh, 

was estimated for a flashed steam process using unmodified 

brine and parallel trains of equipment. 

As would be expected from the relative capital costs, 

The lower well field costs for compar- 

Total energy costs for comparable 

The lowest cost for the binary 

The estimates presented in this report are probably somewhat 

better than normal for the level of design detail that was 

delineated since they are based in part on more detailed con- 

ceptual work from other projects. 

However, it is not realistic to expect an accuracy better 

than that which is based on general industrial experience 

in preparing conceptual design studies and corresponding 

cost estimates. 

Since the same ground rules were used for all estimates, 

the relative values should be more reliable. That is, 
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TABLE 6-3  

COMPARISON OF ENERGY PRODUCTION COSTS 

PROCESS 

BINARY PROCESS 
Four-Stage Flash, 
Acidified Brine 
Four-Stage Flash, 
Unmodified Brine 
Two-Stage Flash, 
Unmodified Brine, 
300F Injection 
Liquid/Liquid, 
Acidified Brine 

FLASHED STEAM PROCESS 
No Limit, 
Acidified Brine 
No Limit, 
Unmodified Brine 
No Limit, Unmod. Brine 
Redundant Flash Vessels 
300F Injection, 
Acidified Brine 
3 0 0 F  Injection, 
Unmodified Brine 

WELL FIELD PLANT 

2 2 . 8  

2 4 . 9  

2 2 . 8  

2 4 . 1  

2 1 . 2  

2 3 . 5  

2 0 . 3  

2 5 . 3  

22.6 

1 5 . 9  

1 8 . 8  

2 3 . 8  

1 4 . 6  

1 7 . 3  

2 0 . 6  

1 7 . 3  

2 4 . 0  

24.0  

.s/kWh 
TOTAL 

3 8 . 7  

4 3 . 7  

4 6 . 6  

3 8 . 7  

3 8 . 5  

4 4 . 1  

3 7 . 6  

4 9 . 3  

46.6 
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small differences in capital costs and energy production costs 

are probably meaningful. 

These differences are, of course, in part, a reflection of the 

design parameters used in developing the process design. 

The flashed steam process is superior on the basis of estimated 

capital cost, which may be a consideration for future development. 

Within the accuracy of the estimates, the energy production cost 

is the same. Technical risks are probably somewhat less for the 

flashed steam process, in particular those associated with brine 

handling. Two stages would present less problems than four, and 

the cost of redundant flash vessel trains would be less. In 

addition, existing geothermal steam flash power plants have demon- 

strated that low cost electrical power can be produced commercially 

with this process. Investor confidence is, therefore, much higher 

for the flashed steam process than for the commercially untried 

flashed binary process. Thus, the flashed steam process should 

be selected for further work at the GLEF. The binary processes 

are, however, generally more efficient; and a potential for sub- 

stantial technical improvement exists. Therefore, the binary 

processes should not be completely abandoned. 
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S e c t i o n  7 

RISK ANALYSECS 

The f o l l o w i n g  r i s k  a n a l y s e s  have been l i m i t e d  t o  o n l y  t h o s e  

r i s k s  t h a t  are of major  conce rn  a t  t h i s  p o i n t  i n  t h e  deve lop-  

ment of  t h e  p r o j e c t .  These r i s k s  a f f e c t  t h e  b a s i c  go o r  no-go 

d e c i s i o n s  and are  common t o  b o t h  f l a s h e d  steam and f l a s h  b i n a r y  

p r o c e s s e s .  O the r  r i s k s ,  though i m p o r t a n t ,  are  a p t  t o  be re- 

f l e c t e d  i n  o n l y  q u a l i t a t i v e  changes  i n  t h e  d e c i s i o n  making 

p r o c e s s .  The d i s c u s s i o n  of r i s k  h a s  been d i v i d e d  i n t o  t h r e e  

major  s e c t i o n s ,  R e s e r v o i r  C h a r a c t e r i s t i c s  - P r o d u c t i o n ,  Power 

P l a n t ,  and R e s e r v o i r  C h a r a c t e r i s t i c s  - I n j e c t i o n .  However, t o  

f a c i l i t a t e  r e f e r e n c e ,  t h e  i n d i v i d u a l  r i s k s  from a l l  t h r e e  sec- 

t i o n s  are numbered c o n s e c u t i v e l y  a s  i n d i c a t e d  i n  t h e  f o l l o w i n g  

pages .  

B r i n e  h a n d l i n g  i s  t h e  most impor ta .n t  o f  t h e  r i s k  i t e m s .  I f  

s a t i s f a c t o r y  means can  be  found f a r  p roduc ing  t h e  b r i n e ,  c a r r y -  

i n g  it th rough  t h e  p l a n t  and r e i n j e c t i n g  it, t h e  p r o j e c t  w i l l  

have a v e r y  h i g h  p r o b a b i l i t y  of su.ccess. The m a j o r  problems 

i n  b r i n e  h a n d l i n g  i n v o l v e  scale fcirmation and c o r r o s i o n .  

7 . 1  RESERVOIR CHARACTERISTIC!S - PRODUCTION 

Data B a s e .  A number of  p r o d u c t i o n  w e l l s  have  been d r i l l e d  i n  

t h e  S a l t o n  Sea KGRA, b u t  none have been produced c o n t i n u o u s l y  

f o r  p e r i o d s  long  enough t o  e s t a b l i s h  comple te  r e s e r v o i r  cha rac -  

t e r i s t i c s .  On t h e  o t h e r  hand, a s u b s t a n t i a l  r e s o u r c e  i s  known 
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to exist. Estimates vary, but one such estimate of 4 0 0  MWe for 

20 years is probably reasonable. The reservoir contains highly 

saline, high temperature brine; and suitable downhole pumps are 

not available that are capable of handling the brine. The wells 

are, therefore, produced as self-flowing with flashing in the 

wellbore. 

Downhole Temperature. An initial downhole temperature of 
500F was used in the feasibility study and this is probably 
a reasonable estimate of the temperatures available. Re- 
ported temperatures vary from below 300F to 6 8 0 F  and tem- 
peratures as high as 7 5 0 F  are projected for depths of 4,000 
feet. A reasonable working range might be 4 0 0 F  to 6 0 0 F .  

Production Rate. The production rate for a given self- 
flowing well is a function of wellhead pres su re .  The flow 
rate increases as the wellhead pressure is lowered until a 
maximum is reached that is set by reservoir permeability, 
casing slotted area, or sonic velocity. Increasing wellhead 
pressure eventually causes the flow to stop. Wells will 
normally be produced at less than maximum rate to avoid 
lowering the wellhead temperature excessively and to avoid 
excessive flashing. The start-of-run flow rate used for 
the feasibility study was 4 0 0 , 0 0 0  lbs/hr per well, a figure 
that has been matched at the GLEF. Reported flow rates 
vary from 1 7 2 , 0 0 0  to 6 2 5 , 0 0 0  lbs/hr per well, with a rea- 
sonable expected range of 2 0 0 , 0 0 0  to 5 0 0 , 0 0 0  lbs/hr. 

Noncondensible Gas. Salton Sea brines are known to contain 
noncondensible gases, but there are no reliable data on the 
amount. Carbon dioxide has been produced commercially from 
shallow wells in the KGRA; on the other hand, recent GLEF 
data show a gas content of 0.1 weight percent. A value of 
0.5 weight percent was used in the feasibility study. 

The gas is primarily carbon dioxide with minor amounts of 
methane, hydrogen and hydrogen sulfide. The hydrogen sul- 
fide, important from an air pollution standpoint, was 
assumed to be 820  ppm by volume of the noncondensible gas. 
One set of experimental values gave 5 0 0  ppm for Woolsey #1 
and 1 , 8 0 0  ppm for Magmamax #l. 

Brine Composition. The brines in the Salton Sea KGRA are 
highly saline, with reported total dissolved solids content 

7-2 



of to jor constitu 
are sodium, potassium and calcium chlorides; with minor 

8.8  weight percent. The m nts 

amounts of heavy metals, carbonates and sulfates. The brines 
also contain dissolved silica and are probably near satura- 
tion with respect to silica at downhole conditions. A TDS 
content of 20 weight percent was used for the study, and 
the solids were assumed to be sodium chloride for purposes 
of thermodynamic calculations. 

Corrosion. The Salton Sea geothermal brines are known to 
be highly corrosive to steel in the presence of air, which 
would be expected on the basis of their chemical composition. 
The amount of corrosion to be expected in the absence of air 
is, however, very much open to question. Visual inspection 
of wellhead equipment has, in :some cases at least, shown 
little evidence of corrosion. On the other hand, corrosion 
has been observed in well casing and brine handling equip- 
ment where air was assumed to he absent. For the study, a 
corrosion allowance of 1/4-incli was used for production 
well piping. The cements used in well completion may also 
be subject to corrosion. Laboratory tests have shown that 
some commonly used cements are attacked by simulated brines. 

Scale. The formation of scale has been observed in produc- 
tion well casing and piping, but does not appear to be a 
serious problem with normal production. That serious scal- 
ing can occur is demonstrated by the experience with Sinclair 
#1 near Niland. The well was abandoned after four months 
operation due to scaling of the well at the surface. Other 
wells have been operated successfully for much longer periods, 
however, with no apparent scaling. It may be that limiting 
the amount of flashing in the we11 is a satisfactory method 
for controlling scale formation in the well. A scaling rate 
of 70 mils/year for production piping was assumed for the 
s t u d y .  

Well Decline. There are no test data that show a clear tem- 
perature and/or production rate decline as a function of 
time for wells in the Salton Sea KGRA.  There are theoretical 
reasons to expect a temperature decline as a well is produced, 
though the magnitude of the effect cannot be accurately pre- 
dicted. Since the wells are self-flowing, a temperature de- 
cline can be effected to result in a production rate decline 
for a constant wellhead pressure. A temperature decline rate 
of 18F in 30 years was used in the study. It was also assumed 
that the production rate would drop from 400,000 lbs/hr to 
300,000 lbs/hr over the same time span. 

Brine Compatibility. Brine chemistry varies from well to 
well and it is possible that brines from widely spaced wells 
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might not be compatible. Mixing such brines might lead to 
the precipitation of solids and high scaling rates. Mixing 
brines with other liquids may also present problems. This 
would be particularly important, for example, if it proved 
to be desirable to mix water from the Salton Sea with reject 
brine to maintain injection volume. In the GLEF, mixing 
first stage condensate with flashed brine leads to scale 
formation, but very little other information on brine mixing 
is available. 

(9) Well Layout. Wells must be properly spaced. Too close a 
spacing will result in the drilling of more wells than are 
needed and a possible reduction in production rate ‘per well. 
Too wide a spacing increases the length and size of produc- 
tion piping and may lower the potential yield of geothermal 
fluid. Optimum spacing is not known, but estimates can be 
made on the basis of limited field experience and theoretical 
analysis. The study assumes 600 to 700 foot bottom-hole 
spacing for 4,000 foot deep wells with slant drilling, so 
that wellheads will be in two rows 150 feet apart with 50 
foot spacing within rows. 

The location of production wells relative to injection wells 
is also important. There must be enough space to prevent 
short circuiting, but subsidence and stresses within the 
reservoir should be avoided. For the study, the distance 
between the production well island and the injection well 
island is about 3,000 feet. 

(10) Subsidence. Ground subsidence due to natural causes has 
been observed in the area. The withdrawal of large volumes 
of brine without reinjection can, from theory, be expected 
to increase subsidence. It has been assumed that reinjecting 
spent brine will prevent subsidence, but whether replacement 
on a volume per volume basis is required and how the brine 
should be reinjected is not known with certainty. 

Analysis. The existence of an adequate resource is an obvious 

requisite for a successful geothermal power project. There is 

little doubt, however, that the reservoir is adequate for a 

50 MWe power plant as a minimum; thus, the existence of an 

adequate resource is a low risk item. 

have been drilled and operated to demonstrate the technical 

Enough production wells 
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feasibility of delivering brine to a power plant: so brine 

production is low risk, insofar as the technical ability to 

do so is concerned. 

The important risks associated with reservoir characteristics 

and brine production are economic or environmental in nature. 

That is, the existence of an adequate energy source and the 

ability to deliver brine have been reasonably well established; 

the ability to deliver the brine at an acceptabLe cost has not 

been demonstrated. 

Downhole Temperature. The temperature at which geothermal 
energy is available has a direct and strong influence on 
the efficiency of the power plant. This, in turn, affects 
the brine production rate required for a given net power 
output and the capital and operating costs of both the 
plant and well field. A 50 MWe power plant has been 
proposed for Heber where the brine temperature is 360F, 
substantially lower than the 500F assumed for Niland. 
Considering temperature only, the risk of an uneconomical 
project caused by a lower than expected temperature is low. 

Production Rate. Brine production rate per well sets the 
number of wells needed to provide the brine for a power 
plant, other factors being equal. As a rough approximation, 
the capital cost of the well field is directly proportional 
to the number of wells; operating costs also increase with 
an increase in number of wells, but not proportionally. 
Since total well field cost accounts for approximately half 
of total energy production cost, decreasing brine produc- 
tion rate per well by a factor of 2 will increase total 
energy cost by roughly 25 percent. Although this would be 
a substantial increase in cost and a brine rate of half 
that expected is possible, such an event is not very prob- 
able: and the risk is judged to be moderate. 

( 3 )  Noncondensible Gas. The amount of noncondensible gas has 
a strong influence on the choice of power plant process. 
If the noncondensible content of the brine were to increase 
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substantially over the assumed 0.5 weight percent, say to 
3 percent, the flashed binary process would be favored 
over the flashed steam process. Since this would only mar- 
ginally affect the estimated cost of energy, the risk is 
felt to be low. 

The amount of hydrogen sulfide in the gas has an influence 
on the type of air pollution abatement equipment needed, 
and thus on capital and operating costs. The complex and 
expensive system assumed for the study accounts for about 
9 percent of the plant capital cost. Eliminating the system 
entirely might reduce energy cost by as much as 5 percent. 
The risk for this item is low. 

4 )  Brine Composition. 
with high total solids and silica contents. There is a rea- 
sonable amount of data available on the compositions of 
brines from various parts of the KGRA and substantial dif- 
ferences in behavior due to variations in composition are 
not anticipated. The risk is low. 

The brines are known to be highly saline, 

( 5 )  Corrosion. It is highly probable that suitable metallurgy 
can be found to protect against corrosion in the well casing 
and wellhead piping. The difficulty is that information is 
not available; carbon steel may be satisfactory or a more 
expensive alloy may be required. Experience to date indi- 
cates that there is a reasonable chance that carbon steel 
will be satisfactory. On the other hand, even mild alloy 
requirements for well casing could add substantially to 
well field costs. Little information is available on the 
corrosion of cements by brine. The risk is estimated to 
be moderate. 

(6) Scale. It is likely that scale formation in the well casing 
and wellhead piping is associated with flashing. It should 
be possible to operate the wells satisfactorily with limited 
flashing and thus avoid excessive scale. The amount of scale 
observed in wellhead piping seems to be substantially less 
than that after the first stage flash and the corresponding 
problems should be less. If a satisfactory solution can be 
found for the plant, the well field piping should provide 
no special problem. The risk is felt to be moderate. 

(7) Well Decline. New wells will be needed during the life of 
the project. 
downhole temperature and production rate decline. The num- 
ber of spare wells needed will also be influenced by the 
well decline characteristics. If the rate of decline is 
slow and predictable, fewer spare wells will be required 

The number needed depends on the rate at which 
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than if wells are subject to unpredictable rapid decline. 
Since the cost of the wells is (about 75 percent of the 
total well field capital cost, the number of wells is ob- 
viously important. Total well field cost accounts for 
roughly half of the total energyy production cost, so in- 
creasing the number of wells by 10 percent would increase 
total energy production costs b:y on the order of 4 percent. 
Although there is no clear evidence to establish decline 
rates, the risk is judged to be moderate. 

Brine Compatibility. Although l~rine chemistry varies from 
well to well; the chemistry is, in qeneral, similar. Dif- 
ferences in scaling rates and corrosion for mixtures of 
brine would be expected to be only marginally different 
than for the component brines. The risk associated with 
mixing brines should be low. M.ixing reject brine with 
other water, such as water from the Salton Sea, is more 
apt to result in major changes .in scale forming and cor- 
rosion characteristics. No information is available on 
the magnitude or direction of the possible changes. On 
the other hand, it is probable that suitable methods for 
treating the water can be developed and the risk is judged 
to be low. 

Well Layout. Well layout problems are difficult to resolve. 
The use of theory, though valuable, is limited and the 
operation of large well fields :is too expensive unless 
associated with a commercial plant. It is reasonable to 
assume that a satisfactory well layout can be developed: 
however, if this is not the case, the project will fail. 
The risk is judged to be low. 

Subsidence. Natural subsidence is occurring in the area 
and withdrawal of liquids has been known to cause subsi- 
dence i n  o t h e r  a r e a s .  I t  i s  reasonable ,  t h e r e f o r e ,  t o  
expect additional subsidence to occur if brine is with- 
drawn and not reinjected. Reinjection of equal volumes 
as compared to the volumes withdrawn would probably pre- 
vent additional subsidence, if reinjection is done pro- 
perly. The requirements for "proper" reinjection are not 
completely known and the area is very sensitive to the 
effects of subsidence: the risk: is judged to be moderate. 

POWER PLANT 

Data Base. The GLEF has been operated for a total period in 

excess of 4,500 hours and as much as 900 hours continuously. 
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Run time with the present plant configuration appears to be 

limited to about 1,000 hours before shutdown is forced by 

scale formation. Surging, probably related to two-phase flow, 

interferes with flow and level control and makes it difficult 

to achieve steady state operation. 

with the operation of control valves and instrumentation so 

that reliable data cannot be obtained. The injection pump 

is also subject to scaling, causing pump failure and plant 

shutdown. Although progress has been made towards solving these 

problems: steady, reliable operation with these brines has not 

Scale formation interferes 

been demonstrated. 

Scale. Heavy scaling has been observed throughout the plant, 
but the rate of scaling and the character of the scale are 
varible. The parameters that appear to be important in scale 
formation are brine composition, temperature, pH, time, and 
flow conditions; the relationships are not fully understood. 
In general, scaling increases with a decrease in temperature, 
presumably because of the lowering of solubility. Limited 
test results show that scaling can be decreased substantially 
by acidifying the brine. The formation of silica scale is 
time dependent: scale formation can be displaced long dis- 
tances in the equipment and piping after a change in tem- 
perature, pH, or brine composition has been established. 
The thickness and hardness of the scale formed seems to 
depend on flow velocity. 
velocity appears to be thinner and harder than that formed 
in adjacent regions of lower velocity. Recombining con- 
densate with brine leads to the formation of carbonate 
scale, changing the amount and character of scale formed 
in the following flash stages. 

A scaling rate of 1 mil/hr was used in the feasibility 
study for unmodified brine. 
however, vary widely with location and operating condi- 
tions and are not completely predictable. Scale thick- 
ness in the vapor space of the flash vessels is very much 

Scale formed in regions of high 

The observed scaling rates, 
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less  t h a n  i n  t h e  b r i n e ,  i n  some cases by a f a c t o r  o f  1 0 .  
Al though rates i n  t h e  b r i n e  f o r  a g i v e n  l o c a t i o n  may v a r y  
by a f a c t o r  of  5 from r u n  t o  r u n ,  t h e  f o l l o w i n g  ra tes  by 
f l a s h  s t a g e  are  p robab ly  r e p r e s e n t a t i v e :  f i r s t  s t a g e  1.1 
m i l s / h r ,  second s t a g e  2 . 2  m i l s / : h r ,  t h i r d  s t a g e  1 . 0  m i l / h r ,  
f o u r t h  s t a g e  2 . 2  m i l s / h r .  S c a l i n g  i n  t h e  i n j e c t i o n  l i n e  
i s  a l s o  v a r i a b l e ,  b u t  a t y p i c a l  r a t e  i s  a b o u t  1 . 5  m i l s / h r .  
I n  g e n e r a l ,  t h e  f i r s t  s t a g e  sca le  i s  p redominan t ly  a f a i r l y  
h a r d ,  heavy metal  s u l f i d e  w h i l e  t h e  f i n a l  s t a g e s  are  p r e -  
dominant ly  a s o f t e r  s i l i c a  scale. Hard c a r b o n a t e  scale  
can  form where condensa te  i s  recombined w i t h  b r i n e .  Sus- 
pended s o l i d s  c o n t e n t  t e n d s  t o  i n c r e a s e  as t h e  b r i n e  f lows  
th rough  t h e  p l a n t .  

C o r r o s i o n .  C o r r o s i o n  o f  ca rbon  s tee l  i n  b o t h  vapor  and 
b r i n e  areas h a s  been obse rved  i n  t h e  GLEF. P a r t  o f  t h e  
c o r r o s i o n  undoubtedly  o c c u r s  when t h e  u n i t  i s  opened t o  
t h e  a i r ,  b u t  it a p p e a r s  t h a t  s u b s t a n t i a l  c o r r o s i o n  a l s o  
o c c u r s  d u r i n g  a i r - f r e e  o p e r a t i o n .  C o r r o s i o n  r a t e  d a t a  
are n o t  a v a i l a b l e  f rom t h e  p l a n t ,  p a r t i c u l a r l y  f o r  a i r -  
f ree  operat i .on.  Some p re l - imina ry  d a t a  f o r  tes ts  w i t h  
a c i d i f i e d  b r i n e  show c o r r o s i o n  r a t e s  f o r  1018 S t e e l  i n  
pH 4 b r i n e  as f o l l o w s :  2 1 0 C  i s  80  m i l s / y r ,  150C i s  2 2  
m i l s / y r ,  and 125C i s  1 8  m i l s / y r .  C o r r o s i o n  ra tes  f o r  
unmodif ied b r i n e s  s h o u l d  b e  l o w e r ,  and scale s h o u l d  pro-  
v i d e  some c o r r o s i o n  p r o t e c t i o n ;  r e l i a b l e  d a t a  a re ,  however, 
n o t  a v a i l a b l e .  

(13)  Two-Phase Flow. Surg ing  f low f r o m  t h e  p r o d u c t i o n  w e l l s  
h a s  been a s o u r c e  of  o p e r a t i n g  problems a t  t h e  GLEF. The 
s u r g i n g  i s  p r o b a b l y  caused  by u n s t a b l e  two-phase f low i n  
t h e  p i p i n g  between t h e  w e l l  and t h e  p l a n t .  N o  s a t i s f a c t o r y  
c a l c u l a t i o n  methods e x i s t  t o  a c c u r a t e l y  p r e d i c t  t h e  be- 
h a v i o r  of  b r ine - s t eam m i x t u r e s ,  and i t  might  n o t  b e  pos- 
s i b l e  t o  des ign  a s i n g l e  l i n e  t h a t  would provide  s t a b l e  
two-phase f low over a r e a s o n a b l y  wide r a n g e  of f low rates .  

( 1 4 )  Steam Q u a l i t y .  The s c r u b b e r s  a t  t h e  GLEF have a t  t i m e s  
produced s t e a m  w i t h  less t h a n  1 0  ppm t o t a l  d i s s o l v e d  s o l i d s .  
There are i n s u f f i c i e n t  d a t a ,  however, t o  u s e  as  t h e  b a s i s  
f o r  p r e d i c t i n g  t h e  b e h a v i o r  o f  t h e  s c r u b b e r s  o v e r  a r eason-  
a b l y  wide r ange  of o p e r a t i n g  c o n d i t i o n s .  Also ,  r e a l i s t i c  
steam q u a l i t y  r e q u i r e m e n t s  have n o t  been e s t a b l i s h e d  f o r  
t h e  steam t u r b i n e s .  

( 1 5 )  Noncondensible  G a s .  The noncondens ib l e  g a s  c o n t e n t  of  t h e  
b r i n e s  b e i n g  s u p p l i e d  t o  t h e  GLEF i s  lower  t h a n  o r i g i n a l l y  
expec ted ;  now i n  t h e  r a n g e  o f  0 . 1  t o  0 .5  w e i g h t  p e r c e n t .  
The g a s  c o n t e n t  of o t h e r  w e l l s  i n  t h e  KGRA h a s  n o t  been 
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established, and the variability to be expected is not 
known. Analyses of the noncondensible gas from the first 
stage at the GLEF show 550 and 1,800 ppm by volume hydrogen 
sulfide. 

(16) Waste Disposal. Estimates based on GLEF data show that about 
3,000 lbs/hr or solids will have to be disposed of in a 50 
MWe plant. For the feasibility study, it was assumed that 
hauling the solids to a dump site would be an environmentally 
and economically acceptable solution. It is not known 
whether or not this solution would be acceptable or optimum 
for a commercial plant. 

Liquid wastes, in particular cooling tower blowdown will 
also present a disposal problem. Long term disposal to the 
Salton Sea may not be acceptable. It is not known whether 
these liquid wastes are compatible with reject brine so that 
they could be injected with the brine. 

(17) Equipment. Experience at the GLEF shows that the valves 
and pumps now being used foul with scale and fail. Control 
valves freeze within a few hundreds of hours and shutoff 
valves cannot be closed completely. The injection pump 
loses capacity, and its bearings fail. Pipeline scale 
seriously reduces flow capacity and can completely plug 
the lines. 

(18) Instrumentation. Instrumentation has been a problem at the 
GLEF, mainly because of scale formation and surging. Scale 
formation seals off pressure taps and builds an insulating 
layer around thermowells so that pressure and temperature 
readings are invalid. Orifice plate openings are reduced 
by scale formation leading to inaccurate flow readings. 
Scale thickness is sufficient to interfere with ultrasonic 
flowmeter operation. 

(19) Water Availability. The long term availability of water 
now used for agriculture is not assured. Other sources of 
relatively fresh water not requiring extensive treatment do 
not seem to be available. Using steam condensate from the 
process for cooling tower makeup and other minor uses would 
solve the problem, if this use is otherwise acceptable. 

( 2 0 )  Brine Modification. Preliminary tests with brine modified 
by the addition of acid show a substantial decrease in 
scale formation rate, perhaps by as much as a factor of 10. 
Other methods, such as the addition of polymers, may also 
be effective in reducing scale formation. 
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Analysis. Scale formation has been the most important impediment 

to the steady reliable operation of the GLEF. An economical 

solution to the scaling problem for a commercial plant would go 

a long way toward assuring commercial success. The corrosion 

problem has not been adequately defhed, but is probably not 

serious from a technical point of vi.ew. If expensive alloys 

are required, this will be reflected in both capital and energy 

costs; but economic viability should be affected only marginally. 

Other risk items present a substantially lower level of risk. 

Scale. The rate of scale formation is very high as com- 
pared to that usually encountered in commercial plants, 
and scale presents a very serious operating problem. The 
methods for dealing with scale that have been developed 
at the GLEF have been only partially successful. It is 
probable that methods can be developed that will answer 
the technical problems, but the costs may be substantial. 
It is particularly important that the solution to the 
problem includes achieving a hi.gh plant capacity factor: 
the energy production cost is, very roughly, inversely 
proportional to the plant capacity factor. As compared 
to other items, the risk is judged to be high. 

(12) Corrosion. The corrosion problem has not been well de- 
fined. Once the requirements are known it should not be 
difficult to establish satisfactory materials specifica- 
tions. However, depending on the severity of the corro- 
sion problem, the cost of special materials may be sub- 
stantial. Although it is not very likely that an otherwise 
attractive project would be defeated by corrosion, the 
impact on profitability could be substantial. The risk 
is felt to be high. 

(13) Two-Phase Flow. Unstable tWO-phaSe flow has been a problem 
at the GLEF, particularly in that it interferes with ob- 
taining satisfactory data. The problem may not seriously 
interfere with the production of power from a commercial 
plant. Avoiding unstable two-phase flow or designing to 
accommodate it appears to be a moderate technical risk. 
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Steam Quality. Although more information is needed on 
steam quality requirements and equipment performance, 
providing acceptable steam quality can be considered 
state of the art. The risk is low. 

Noncondensible Gas. More information is needed on the 
noncondensible gas content of the brine, but the gas con- 
tent appears to be lower than originally expected. Some 
form of pollution control equipment will be required be- 
cause of the hydrogen sulfide present, and more information 
is needed for proper design. The risk for this item is, 
however, low. 

Waste Disposal. The problem of solids disposal needs 
further study, but should not present any insurmountable 
difficulties. In the feasibility study the cost of solids 
hauling was estimated to be about 0.5 mills/kWh. Although 
this is not a firm figure, the cost could vary consider- 
ably without drastically affecting project economics. 

Disposal of cooling tower blowdown could present a prob- 
lem if it cannot be injected with the brine or sent to 
the Salton Sea. The costs of treatment methods for zero 
cooling tower blowdown are significant, but should not 
be economically unacceptable. Waste disposal is judged 
to be a low risk item. 

Equipment. Equipment problems are directly related to 
scaling and, to a lesser extent, corrosion problems. 
Suitable equipment does not appear to be available com- 
mercially. Methods for suitably modifying available 
equipment will have to be found, or new designs of equip- 
ment will have to be developed. The risk is judged to 
be high. 

Instrumentation. Instrumentation problems are directly 
related to scaling and, to a lesser extent, surging. 
Methods for protecting the primary sensors, or for clean- 
ing them in place, will have to be developed. The risk 
is judged to be high. 

Water Availability. Water is needed for cooling tower 
makeup. Steam condensate appears to be a suitable source 
for this water, and will probably be available if it is 
not necessary to reinject it with spent brine. Agricul- 
tural water would also be acceptable, if available. Other 
sources would probably require expensive treatment and 
could affect the cost of power production appreciably, 
depending on the source. The risk is felt to be low. 
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(20) Brine Modification. Brine modification presents an 
opportunity for improving performance and lowering costs. 
On the other hand, the project is probably not dependent 
on brine modification. The risk is low. 

7.3 RESERVOIR CHARACTERISTICS - INJECTION 

Data Base. The operation of injectj-on wells as part of the GLEF 

activities has provided limited information on brine injectivity. 

Difficulties have been experienced since the start with increasing 

wellhead pressures and accompanying reductions in flow rate. The 

wells have not been capable of handling the design flow rate at 

design wellhead pressure. Plugging is known to occur in the 

slots of the casing, but the character and extent of possible 

formation plugging is unknown. Progress has been made toward 

development of a brine treatment process to remove suspended 

solids before injection, which should improve injectability. 

Injection Rate. Operation of the GLEF has not been steady 
and reliable enough to establish a long term injection rate. 
Well plugging, as evidenced by increasing wellhead pressure, 
does not occur at a constant ra.te. As an example, Magmamax 
# 3  was reworked in March 1977 a.nd wellhead pressure increased 
relatively slowly during April, rising from 180 psig to 
about 230 psig. In the first half of May the pressure in- 
creased rapidly to 400 psig. Reworking the well decreases 
wellhead pressure, but may not fully restore it to its 
original value. The cause of t.he plugging is not well 
understood but is probably, at least partially, related to 
suspended solids. Removing the: solids before injection may 
or may not eliminate plugging, however, since reactions 
might take place within the reservoir that lead to plugging. 
Limited core flushing tests indicate that brine with low 
suspended solids content might be injectable, and similar 
tests with acidified brine are even more encouraging. 

Scale. The scale formation observed in the injection line 
appears to continue at about the same rate in the well cas- 
ing. Scale is particularly troublesome in the slotted area 
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of the casing where it causes plugging. 
pretreated by settling, or settling and filtration, the 
silica content appears to be reduced to saturation; scal- 
ing should be substantially reduced. The amount of scal- 
ing, if any, to be expected in the formation is unknown. 

temperature, corrosion should be less than in production 
wells or the plant. Although the corrosion rate has not 
been established, visual inspection indicates little evi- 
dence of corrosion. 

If the brine is 

( 2 3 )  Corrosion. Since brine is rejected at a relatively low 

( 2 4 )  Treatment. Treatment of the brine before injection appears 
to be justified. Experiments with settlers and clarifiers 
show that it is possible to reduce the suspended solids 
content of the brine from several hundred parts per million 
to below 50 parts per million; at the same time the silica 
content is reduced from supersaturation to approximately 
saturated values. 
reduce the suspended solids content further, probably to 
less than 10 parts per million. 

Some core flushing tests with acidified brine indicate that 
it might be possible to inject acidified brine without first 
neutralizing it; an advantage if the brine is to be acidi- 
fied before entering the plant. In fact, the test results 
suggest that acidified brine might be easier to inject than 
unmodified brine. 

Subsequent treatment by filtration can 

(25) Well Decline. Experience at the GLEF has shown that wells 
can decline very rapidly in some circumstances. These 
rapid decline rates are probably not typical of what is 
to be expected from commercial operation, and are probably 
the result of high suspended solids loading or unusual 
scaling conditions. The decline rates to be expected, 
especially as a function of brine pretreatment, are unknown. 

(26) Subsidence. The withdrawal of large volumes of brine with- 
out reinjection can be expected to increase the natural 
subsidence that has been observed. Although theory is 
helpful, sufficient information is not available as to the 
brine volume and placement needed to avoid subsidence. 

(27) Brine Compatibility. If steam condensate is used for cool- 

Injection 
ing tower makeup, it might be necessary to find another 
source of water to maintain reinjection volumes. 
has also been considered as a means for disposal of liquid 
wastes. To be successful, the mixed liquids must be com- 
patible; they should not react to form solids that can plug 
the injection wells, for example. Other than theory there 
is no information available on the subject. 
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( 2 8 )  Well Layout. As with producticin wells, optimum spacing and 
layout is not known. 
cal analysis is helpful but not. conclusive. For the study, 
an injection well island was located about 3,000 feet from 
the production well island. 

Limited field experience and theoreti- 

Analysis. It has been reasonably well established that injec- 

tion is the only practical way of hamdling the reject brine. 

That being the case, a satisfactory injection scheme is neces- 

sary to a successful geothermal power project. Injection has 

been demonstrated at the GLEF and progress is being made on 

reject brine treatment methods; however, successful long term 

injection has not been demonstrated. In general, the technical, 

economic and environmental risks are high. 

(21) Injection Rate. Injection rate per well sets the number 
of wells needed for a given sized power plant. Well field 
capital cost is, roughly, directly proportional to the num- 
ber of wells; and operating costs also increase with the 
number of wells. As a very rough approximation, doubling 
the number of injection wells only, would increase the 
cost of energy produced by about 12 percent. This would 
be a substantial increase in cost and the useful rate over 
the life of a well is not known with reasonable accuracy; 
the risk is judged to be high. 

(22) Scale. Scale in the casing and slots can cause plugging 
and maintenance problems, and can add significantly to 
costs. Less is known about the potential for scale or 
solids formation in the reservciir, but plugging in the 
reservoir could be even more serious. In spite of the 
progress being made in brine treatment methods, the risk 
is felt to be high. 

( 2 3 )  Corrosion. Corrosion in the injection wells appears to 
be potentially less serious tha.n in the plant or produc- 
tion wells. The risk appears to be moderate. 

( 2 4 )  Treatment. Treatment of the brine before injection is 
being studied and the results a.re encouraging. On the 
other hand, developing a satisfactory injection scheme 
is critical to the success of t.he project; the risk is 
felt to be high. 
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( 2 5 )  Well Decline. Well decline rate sets the number of 
replacement wells required over the life of the project, 
or the frequency of major well reworking. The potential 
cost effects are substantial. Although it is reasonable 
to expect commercial experience to be better than that at 
the GLEF, the decline rate can not be accurately predicted 
with the information now available. The risks appear high. 

I 

( 2 6 )  Subsidence. Naturally occurring subsidence has been ob- 
served in the area, and any addition to subsidence cannot 
be tolerated for environmental reasons. From theory, it 
seems probable that reinjecting the proper volume of brine 
in appropriate locations will prevent subsidence caused by 
withdrawing brine from the formation. The requirements 
are not well defined and the needed information will be 
difficult to obtain; however, the risk is judged to be 
moderate. 

Brine Compatibility. At this time the use of steam conden- 
sate for cooling tower makeup appears to be highly desirable. 
If the condensate is not available for reinjection, other 
sources of water may have to be used to maintain injected 
volume equal to produced volume. The other sources, for 
instance water from the Salton Sea, may not be compatible 
with reject brine or may require expensive pretreatment. 
Although the possible economic impact could be appreciable, 
the risk is felt to be moderate. 

( 2 8 )  Well Layout. Although optimiun well layout is not known and 
the information needed to develop the optimum layout may be 
difficult to get, the risk is judged to be low. 

7.4 RISK PRIORITIES 

I Risk priority and level of risk for each risk item are summa- 

rized in Table 7-1. The level is assessed separately for the 

areas of technical, economic, and environmental risks. An 

estimate is given as to whether the risk can be resolved by 

GLEF activities. The priorities assigned are intended as 

guidance for setting up GLEF activities. They are based on 

currently available information and can be expected to change 

as the project progresses. 
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ITEM 

PRODUCTION 
Downhole TemperaturE 
Production Rate 
Noncondensible Gas 
Brine Composition 
Corrosion 
Scale 
Well Decline 
Brine Compatibility 
Well Layout 
Subsidence 

PLANT 
Scale 
Corrosion 
Two-Phase Flow 
Steam Quality 
Noncondensible Gas 
Waste Disposal 
Equipment 
Instrumentation 
Water Availability 
Brine Modification 

INJECTION 
Injection Rate 
Scale 
Corrosion 
Treatment 
Well Decline 
Subsidence 
Brine Compatibility 
Well Layout 

- 
0. 

- 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
- 

TABLE 7-1 

RISKS 

I 

TECHNICAL 
~ 

Low 
Moderate 
Low 
Low 
Moderate 
Moderate 
Moderate 
Low 
Low 
Low 

High 
Moderate 
€!!!derate 
Low 
Low 
Low 
High 
High 
Low 
Low 

High 
High 
Moderate 
High 
High 
Low 
Low 
Low 

VEL OF RI 
ECONOMIC 

Low 
Moderate 
Low 
Low 
Moderate 
Moderate 
Moderate 
Low 
Low 
Low 

High 
High 
Low 
Low 
Low 
Low 
High 
High 
Low 
Low 

High 
High 
Moderate 
High 
High 
Low 
Moderate 
Low 

ENVIRONMENTAL 
GLEF CAN 
RESOLVE 

Part 
Part 
Part 
Part 
Yes 
Yes 
Part 
Part 
No 
No 

Yes 
Yes 
Yes 
Yes 
Yes 
Part 
Yes 
Yes 
No 
Yes 

Part 
Yes 
Yes 
Yes 
Part 
No 
Part 
No 

GLEF 
PRIORITY 

23 
10 
20 
27 
13 
12 
11 
14 
21 
15 

1 
2 

26 
19 
24 
3 
4 
25 
28 

1 7  
A ,  

5 
8 
9 
7 
6 
16 
18 
22 



Sec t ion  8 

RESEARCH AND DEVELOPMENT RECOMMENDATIONS 

T h i s  s e c t i o n  propose t e s t s  t o  be accomplished a t  the Geothermal 

Loop Experimental F a c i l i t y  (GLEIF) These t e s t s  w i l l  address  

u n c e r t a i n t i e s  t o  minimize t h e  r i s k s  a s s o c i a t e d  w i t h  t h e  selected 

conceptual  geothermal power plaint design. As much of t h i s  

information a s  p o s s i b l e  i s  t o  he acquired during t h e  1978 

c a l e  nda r ye a r , 

The specific a r e a s  of i n v e s t i g a t i o n  o u t l i n e d  i n  t h i s  s e c t i o n  were 

selected i n  an e f for t  to solve t h e  p o t e n t i a l  problems enumerated 

i n  Sec t ion  7, A number of t h e  tests l is ted below w i l l  y i e l d  da t a  

a p p l i c a b l e  t o  the s o l u t i o n  of more than  one of these  problems, 

In a d d i t i o n  t o  t h e  GLEF tests,, o t h e r  act ivi t ies  are a l s o  

included,  These a c t i v i t i e s  are r i s k  s t u d i e s  t h a t  are intended t o  

be made away from t h e  t e s t  s i te  either because the t e s t  equipment 

is no t  a v a i l a b l e  a t  the site or because the s t u d y  is no t  

dependent on the t e s t  facility, 

The primary o b j e c t i v e  of t h e  modified t e s t  f a c i l i t y  i s  t o  demon- 

s t r a t e  t he  r e l i a b l e  ope ra t ion  of a two-stage f l a s h  sys tem,  over 

an extended pe r iod  of t i m e ,  The system i n c l u d e s  the product ion 

wells, t h e  power p l a n t ,  and the  in:fect ion wells. 
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8.1 RECOMMENDED GEOTHERMAL LOOP EXPERIMENTAL 
FACILITY (GLEF) A C T I V I T I E S  

8.1.1 T e s t  Format 

Each tes t  d e s c r i p t i o n  c o n s i s t s  of the following: 

- P r i o r i t y .  One of t h e  t w o  l e v e l s  of p r i o r i t y  t h a t  
are described below has  been assigned t o  each tes t :  

A- T e s t s  t h a t  e s t a b l i s h  o p e r a b i l i t y  and demon- 
strate h igh  p l a n t  a v a i l a b i l i t y ,  These w i l l  
f u r n i s h  t e c h n i c a l  and economic d a t a  e s s e n t i a l  
t o  minimizing the  m o s t  impor tan t  r i s k s  
involved i n  t h e  des ign  and ope ra t ion  of a 
commercial 5 0  M W e  geothermal power p l a n t  and 
i t s  a s s o c i a t e d  w e l l  f i e l d ,  

B- T e s t s  directed towards reducing t e c h n i c a l  o r  
economic u n c e r t a i n t i e s  and opt imizing p l a n t  
performance, 

Within each l e v e l  of p r i o r i t y ,  t h e  tests have been 
ranked  i n  t h e  order of their  importance, The r i s k  
p r i o r i t i e s  correspond t o  those assigned t o  t h e  
r i s k s  i n  Sec t ion  7. Tests under Category A have 
h igher  p r i o r i t y  than  those under Category B. 

The requirement f o r  continuous ope ra t ion  of t h e  
o v e r a l l  system w a s  considered,  i n  a d d i t i o n  t o  t h e  
degreee of r i s k ,  i n  a s s i g n i n g  p r i o r i t i e s  t o  t h e  
t e s t s  and i n  s e l e c t i n g  t h e  recommended procedures. 

0 R i s k  Area. The r i s k  a r e a s  of Section 7 ,  t o  which 
t h e  r e s p e c t i v e  t es t s  a r e  r e l a t e d ,  are enumerated, 

0 ob jec t ives .  The s p e c i f i c  t y p e s  of d a t a  t o  be 
accumulated, and t h e i r  r e l a t i o n s h i p  t o  t h e  u l t i m a t e  
goal  of power p l a n t  des ign  and opera t ion ,  a r e  
ind ica ted .  

s iqn i f i cance .  This re lates  t h e  risk a r e a s  and t h e  
t e s t s  a s s o c i a t e d  wi th  them t o  t h e i r  i n f luence  on 
c y c l e  e f f i c i e n c y ,  p l a n t  a v a i l a b i l i t y ,  l ongev i ty  of 
equipment, r e s e r v o i r  l i f e ,  cost of replacement 
p a r t s  and maintenance s u p p l i e s ,  opera t ion  and 
maintenance l abor ,  and environmental  fac tors .  
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a 

a 

a. 1.2 

-- A l t s r n a t i v e  Procedures. The v a r i o u s  methods t h a t  
could be used t o  achieve  t h e  t es t  objectives a r e  
discussed. 

Recommended Procedure, Tihe s p e c i f i c  a l t e r n a t i v e  
Droceduretsl a n t i c i u a t e d  t o  y i e l d  the best 
i n f  ormati&' i n  the  avai la ible  t i m e  is recommended. 

T e s t  Assumptions 

The conclusion of Phase I of t he  f e a s i b i l i t y  s tudy  is tha t  a 

f l a s h  cycle is most appropr i a t e  for  the i n i t i a l  development a t  

the  Sa l ton  Sea KGRA. Therefore ,  t lhe  tests are d i r e c t e d  towards 

t h i s  t y p e  of geothermal power plant.  

The proposed tests assume that the e x i s t i n g  G L E F  will be modified 

t o  s imula te  a two-stage flash s y s t e m  w i t h  o p e r a t i n g  cond i t ions  a s  

c l o s e  as possible t o  those of t h e  conceptual  design.  The 

modified t e s t  f a c i l i t y  w i l l  i n c l u d e  as much of t h e  e x i s t i n g  

equipment a s  possible .  

The e x i s t i n g  system f la shes  geothermal brine from the w e l l s  into 

steam i n  four  stages a t  progressively lower pressures and temp- 

e r s t u r e s .  The new f a c i l i t y  w i . 1 1  have t w o  stages of f l a sh ing ,  

p r e f e r a b l y  i n  t w o  t r a i n s ,  so t h a t  p a r a l l e l  tests can be carried 

out o r  one t r a i n  can be s h u t  down f o r  se rv ic ing  and c l ean ing  

while the other remains i n  operat ion.  Since a steam t u r b i n e  i s  

not  a v a i l a b l e  a t  t h e  t e s t  f a c . i l i t y ,  the f l a shed  steam w i l l  

con t inue  t o  be condensed i n  t he  e x i s t i n g  heat exchangers. The 

h e a t  exchangers used f o r  condensing t h e  steam would cont inue  t o  

be cooled by a closed loop  w i t h  water pumped from the sp ray  pond, 
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The steam condensate w i l l  be used a s  makeup f o r  this coo l ing  

system. Noncondensible gases  w i l l  cont inue  t o  be removed a f t e r  

t h e  f irst  s t a g e  f l a s h  t a n k s  by the e x i s t i n g  ven t  g a s  separa tor .  

Brine production from t w o  w e l l s  w i l l  be u t i l i z e d  i n  t h e  f a c i l i t y ,  

and the  spen t  b r i n e  w i l l  be i n j e c t e d  i n t o  one w e l l  a f t e r  

condi t ion ing  a t  t h e  t e s t  f a c i l i t y  i n  e i t h e r  s e t t l i n g  t a n k s  or a 

r e a c t o r - c l a r i f i e r  8 p l u s  sand f i l t e r  o r  o t h e r  recommended device. 

I t  i s  assumed t h a t  the  recommended tests w i l l  be performed us ing  

unmodified b r i n e  w i t h  no minimum l i m i t  on the temperature of t h e  

i n j e c t i o n  brine.  

Brine modi f ica t ion  f o r  c o n t r o l l i n g  scale is  n o t  covered by any 

proposed tests, s i n c e  it would be t i m e  consuming and c o s t l y  t o  

modify the G L E F  f o r  t h i s  purpose. I n v e s t i g a t i o n s  of modified 

b r ines  have been a c t i v e l y  pursued by the Lawrence Livermore 

Laboratory a t  t he  small four -s tage  f l a s h  system ad jacen t  t o  the  

GLEF. T h i s  system should be modified t o  s i m u l a t e  t h e  two-stage 

f l a s h  process ,  and the i n v e s t i g a t i o n s  should be continued under 

t h e  Department of  Energy, I n d u s t r i a l  Support Program. To date, 

t h i s  work has  i n d i c a t e d  the two most promising b r i n e  modi f ica t ion  

methods: a c i d i f i c a t i o n  or a d d i t i o n  of other chemicals t o  prevent  

s c a l e  formation i n  equipment and p ip ing  and t rea tment  t o  cause 

p r e c i p i t a t i o n  and removal of scale-forming species upstream of 

t h e  power plant.  

The t e s t i n g  of modified brine should be extended t o  t h e  GLEF only 

a f t e r  c l e a r - c u t  and c o n s i s t e n t  r e s u l t s  have been obta ined  from 



t h e  smal l  fou r - s t age  f l a s h  system. A t  t h a t  t ime, i f  b r i n e  

modif icat ion is determined t o  be promising for  use  i n  commercial 

p l a n t s ,  t h e  GLEF w i l l  need t o  be re furb ished  with m a t e r i a l s  

capable  of ope ra t ing  w i t h  brine1 of t h e  selected pH a t  the  

targeted GLEF o p e r a t i n g  condi t ions.  

F ina l ly ,  it i s  assumed t h a t  t h i e  two-stage G L E F  w i l l  have 

s u f f i c i e n t  i n s t rumen ta t ion  t o  c a r r y  ou t  t h e  tests r e l i a b l y  and 

t h a t  all c o n t r o l  systems w i l l  have been c a l i b r a t e d  f o r  the i r  

proper opera t i on .  

8.1.3 Opera t iona l  Procedures 

Normal ope ra t ion  of t h e  t e s t  f a c i l i t y  and w e l l  f i e l d  w i l l  be an  

ongoing requirement for  the  t e s t s  Well shu t - in  t e s t s  w i l l  be 

conducted during a shutdown of t he  GLEF f o r  maintenance purposes. 

I t  i s  e s s e n t i a l  t o  e s t a b l i s h  procedures for  normal and emergency 

ope ra t ions  p r i o r  t o  commencing the  tests. These procedures must 

give part i cu lar  a t t ent ion  to the quest ion of s a f e t y  during 

emergency shutdown and upse t  condi t ions .  

0.1. u Recommended T e s t s  

Tes t s  f o r  t h e  power p l a n t  and t h e  r e s e r v o i r  are  i n t e r r e l a t e d .  

Hence, t he  o v e r a l l  t e s t  program must be carefully coordinated. 

T e s t i n g  a t  t h e  f a c i l i t y  w i l l  t a k e  one of three forms: 

Where r e s u l t s  have t o  be obta ined  
process ,  e. g. , scale forma.tion. 

from t h e  ongoing 
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0 Where r e s u l t s  are dependent on work performed a f t e r  
an ongoing process, e.g. 8 s c a l e  a n a l y s i s ,  

Where r e s u l t s  can be ob ta ined  from a specific short  
term t e s t  on a component, e.g., c e r t a i n  equipment 
performance. 

Table 8-1 summarizes t he  t e s t s  i n  their  order  of p r i o r i t y  and 

i n d i c a t e s  t he  corresponding r i s k  a r e a  from Sect ion  7. 

Table 8-2 shows t h e  proposed schedule  for the recommended t e s t s  

s t a r t i n g  May 15, 1978. The schedule shows three d i s t i n c t  t y p e s  

of tests: 

Continuous, long term; shown as s o l i d  l i n e s  for t h e  
t o t a l  d u r a t i o n  of GLEF t e s t i n g  l i f e  (e-g., t e s t s  
associated with scale and corros ion)  

0 Continuous, s h o r t  term; shown as so l id  l i n e s  for  
p a r t  of t o t a l  d u r a t i o n  of GLEF t e s t i n g  l i f e  (e-g., 
steam cleaning)  

I n t e r m i t t e n t ,  long term; shown as broken l i n e s  for  
t h e  t o t a l  d u r a t i o n  of GLEF t e s t i n g  l i f e  (e.g.8 
r e s e r v o i r  performance) 

The schedule i n d i c a t e s  t h a t  t h e  t e s t s  w i l l  be completed by t h e  

end of 1978, However, it is expected t h a t  c e r t a i n  tes ts  r e l a t i n g  

t o  some p l a n t  components, i n j e c t i o n  w e l l s ,  product ion w e l l s ,  and 

r e s e r v o i r  performance w i l l  be cont inued i n t o  1979 i n  order t o  

gather  conclus ive  information t h a t  w i l l  be b e n e f i c i a l  i n  making  

f i n a l  des ign  d e c i s i o n s  dur ing  1979. 
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- 
Test 
No. 

1 
2 
3 
4 
5 

6 

7 
8 
9 
10 
11 
12 
13 
14 

15 
- 

TABLE 8-1 

RECOMMENDED TESTS FOR THE GLEF 

Title 

Scaling in Plant 
Plant Scale Removal Methods 
Corrosion and Erosion in Plant 
Reliability and Longevity of Plant Components 
Performance of Injection Wells 
Precipitation of Solids Prior to Injection 
Scaling and Corrosion of Injection Well 
Performance of Production Wells 
Scaling and Corrosion of Production Well 
Brine Compatibility 
Ground Subsidence 
Two-Phase Flows and Plant Stability 
Noncondensible Gases 
Reservoir Performance 

Steam Cleaning 

Test 
Priority 

A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
All 
A12 
B1 
B2 

B3 

Risk 
Ana 1 y s i s 
Priority 

1 
1 
2 

314 
5,6 
7 

8,9 
10,11,23 

12,13 
14,18 
15,16 

17 
19,20 

21,22,23 

26 

Risk Area 

11 
11 
12 

17 and 18 
21 and 25 

24 
22 and 23 
1,2, and 7 

5 and 6 
8 and 27 
10 and 26 

13 
3 and 15 

25, and 28 
1,2,4,7,9, 

14 



TABLE 8-2 
SCHEDULE OF RECOMMENDED TESTS 

FOR GEOTHERMAL LOOP EXPERIMENTAL FACILITY 



T e s t  No#. 1 

SCALING I N  PLANT 

PRIORITY:  A 1  

OBJECTIVES 

RISK AREA: 11 

To develop tec..niques f o r  t h e  measurement of s c a l e  
t h i c k n e s s  

To determine t h e  rate of scale formation a t  

To e s t a b l i s h  t h e  c o n s t r a i n t s  p laced  upon t h e  
e f f i c i e n t  and un in te r rup ted  ope ra t ion  of the t e s t  
f a c i l i t y  by t h e  formation of scale. 

selected l o c a t i o n s  
e 

SIGNIFICANCE * 

If s c a l e  d e p o s i t i o n  i s  n o t  t aken  i n t o  account  i n  t h e  p l a n t  

design, it w i l l  reduce the plaint  ou tpu t  with t i m e  because of 

reduced f low and increased pressure! drop. U l t i m a t e l y ,  s c a l e  can 

s h u t  down t h e  p l a n t  due t o  clcqged f low l i n e s ,  f rozen  pumps, 

plugged instrument l i n e s ,  and inoperable valves .  &Y 

i n t e r r u p t i o n  of power product ion f o r  c l e a n i n g  would r e s u l t  i n  a 

s e r i o u s  loss of revenue. Sca le  formation i n c r e a s e s  c o s t s  due t o  

added c l ean ing  l a b o r  and m a t e r i a l s  and poss ib ly  equipment 

replacement. 
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ALTERNATIVE PROCEDURES 

Scale  Thickness Measurement 

(a) U t i l i z e  a v a i l a b l e  in s t rumen t s  and sampling methods 
for on - l ine  scale de tec t ion .  These inc lude :  

- Radiography. The d isadvantages  of t h i s  
method are  tha t  there has t o  be a minimum 
s c a l e  t h i c k n e s s  f o r  d e t e c t i o n  and t h a t  
sa fe ty  p recau t ions  a r e  required. The 
advantage i s  t h a t  t h e  t e s t  equipment i s  
portable, 

- Thermoqraphy. T h i s  method i s  inexpensive,  
but  has n o t  been t r i ed  f o r  this app l i ca t ion .  

- --- Surface  Contact  Thermometers. The disad- 
vantages a r e  t ha t  the t es t  i s  l o c a l  with 
f i x e d  equipment, t h a t  ope ra to r  s k i l l  is 
requi red ,  and t h a t  electric c o n t a c t s  a r e  
subject to corrosion.  The advantage is t h a t  
it is  inexpensive and e a s y  t o  install. 

- Ultrasonics .  T h i s  t echn iques  has been t r i ed  
a t  t h e  GLEF, b u t  has n o t  been successful t o  
d a t e  . 

- Removable Probes o r  Sample P la t e s .  These can  
be i n s e r t e d  and r e t r i e v e d  through mounts on 
t h e  pipes or  equipment wi thout  s h u t t i n g  down 
the  t e s t  f a c i l i t y .  T h i s  is  a proven 
technique. The disadvantage i s  t h a t  the 
protuberances could a t t r ac t  scale. 

(b) Provide r o l l o u t  s e c t i o n s  i n  the main stream t h a t  
could be removed and inspec ted .  A bypass a t  the  
r o l l o u t  s e c t i o n  would allow i n t e r n a l  examination of 
t h e  a c t u a l  f l o w  path wi thout  s h u t t i n g  down the t e s t  
f a c i l i t y .  The disadvantage is  t h a t  there are only 
a f e w  l o c a t i o n s  where t h i s  c a n  be i n s t a l l e d .  

(c) Provide separate, sma l l e r  bore, p a r a l l e l ,  side t e s t  
streams. These would be a longs ide  t h e  main s t ream 
and could be isolated and opened up f o r  examination 
without  s h u t t i n g  down t h e  main test  f a c i l i t y .  The 
disadvantages are that  the  test would be general  i n  
n a t u r e  and may no t  reproduce actual cond i t ions  i n  
the  main stream, may no t  spot  l o c a l  scale, and 
would n o t  give e a r l y  scale warning. The advantage 
i s  t h a t  side t e s t  s t reams can be i n s t a l l e d  a t  any 
l o c a t i o n  i n  t h e  test  f a c i l i t y .  
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Any procedure t h a t  r e q u i r e s  t h e  t e s t  f a c i l i t y  t o  be shu t  down, 

f o r  t h a t  a c t i v i t y  alone,  has been given a low p r i o r i t y .  Thus, 

t h e  opening up of l i n e s  or  equipment for  scale examination, 

except for  r o l l o u t  or  bypass s e c t i o n s ,  should on ly  be done when 

the  t e s t  f a c i l i t y  i s  s h u t  down for  other purposes. However, t h i s  

examination is  necessary  for  instrument  c a l i b r a t i o n  and scale 

confirmation . 

Scale Deposit ion Rate Measurement 

U s e  computer models of chemical r e a c t i o n s  and scale 
bui ldup  r a t e  i n  a s imula ted  two-stage f l a sh  
process. T h i s  has the  advantage of be ing  a 
gene ra l i zed  too l  for  t h e  process ,  which can be used 
t o  compare separate or  combined w l l  chemical 
cons t i t uen t s .  It  is  l imited t o  sets of r e a c t i o n s  
t h a t  may no t  s a t i s f y  the a c t u a l  c o n d i t i o n s  i n  t h e  
GLEF- 

Pred ic t  from tes ts  reported i n  l i t e r a tu re  on 
s y n t h e t i c  b r i n e  so lu t ions .  

Evaluate  b r i n e  chemistry and scale bui ldup on 
samples i n  a f i e l d  laboratory, us ing  side stream 
br ine  flows from product ion w e l l s .  This  has t h e  
advantage of being able t o  cons ide r  a large range 
of m a t e r i a l s  and b r i n e  condi t ions.  However, it 
does not  cons ider  t h e  conf igu ra t ion  of a specific 
plant- 

U t i l i z i n g  one or more of t h e  on- l ine  methods of 
scale t h i c k n e s s  measurement, t oge the r  with scale 
sample a n a l y s i s ,  establish the  effect  of b r i n e  pH, 
b r i n e  temperature, and mechanical forces (e-g., 
tu rbulence)  on t h e  ra te  and type of s c a l i n g  a t  
var ious  l o c a t i o n s  i n  the t.est f a c i l i t y .  

Scale Analysis  

scale samples can be obtained by on-line sampling techniques,  

from r o l l o u t  or bypass s e c t i o n s ,  or when the test  f a c i l i t y  is  
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shu t  down and opened up, scale c o n s t i t u e n t s  may be i d e n t i f i e d  by 

standard laboratory technology. 

Scale E f f e c t  on P lan t  Performance 

T h i s  w i l l  be an ongoing t e s t  f o r  t h e  d u r a t i o n  of the 1978 tes t  

period without  any a l t e r n a t i v e  procedures. Records should be 

kept of a l l  malfunct ions and i n t e r r u p t i o n s  of t he  t es t  f a c i l i t y  

opera t ion ,  and performance degrada t ion  caused, d i r e c t l y  o r  

i n d i r e c t l y ,  by the presence of scale  should be monitored. The 

records  should inc lude  scale t h i c k n e s s  a t  the t i m e  of f a i l u r e  or 

shutdown f o r  c leaning ,  together w i t h  i t s  type and r a t e  of 

de po si ti on. 

RECOMMENDED PROCEDURES 

The recommended procedure t o  measure scale th i ckness  i s  t o  review 

a v a i l a b l e  commercial ins t rumenta t ion ,  other t e s t  f a c i l i t y  

techniques,  and GLEF experience,  Then t o  i n s t a l l  t h e  best of the  

immediately avai lable  methods tha t  can be used without  i n t e r -  

r u p t i o n  of t h e  tes t  f a c i l i t y  operat ion.  

T h e  selected techniques would be used a t  specific l o c a t i o n s  i n  

t h e  t e s t  f a c i l i t y  t o  detect t h e  presence of scale and t o  record 

the  r a t e  of scale d e p o s i t i o n  over t i m e .  

scale a n a l y s i s  would be carried o u t  by a laboratory, which f o r  

c o n t i n u i t y  should be available for t h e  e n t i r e  t e s t  period. Scale 
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samples would be obta ined  by on- l ine  sampling, r o l l o u t ,  and 

sidestream methods and when the  tes t  f a c i l i t y  i s  s h u t  down. 

A l l  malfunct ions and i n t e r r u p t i o n s  of t h e  t e s t  f a c i l i t y  ope ra t ion  

caused, d i r e c t l y  or  i n d i r e c t l y ,  by t h e  presence of scale would be 

monitored t o g e t h e r  w i t h  t h e  t e s t  f a c i l i t y  s t a t e  p o i n t  cond i t ions  

and b r ine  ana lys i s .  The monitoring and a n a l y s i s  would occur 

throughout t h e  t es t  period. 

The t e s t  should determine factors  a f f e c t i n g  l o c a t i o n  of scale, 

s c a l i n g  r a t e s ,  type and hardness of scale, and t h e  effect  of l i n e  

v e l o c i t i e s  The results w i l l  be used 

i n  determining economic c l ean ing  procedures. I n  a d d i t i o n ,  t h e  

on scale and scale buildup. 

information can be 

e. g., i n  determining 

I n i t i a l  cost w i l l  be 

equipment and i t s  

used i n  designing t h e  50 M W e  power p l an t ,  

p ipe  diameters and f l o w  velocit ies.  

e n t a i l e d  i n  ob ta in ing  the scale d e t e c t i o n  

i n s t a l l a t i o n .  Subsequent costs w i l l  be 

incurred i n  monitoring, sampling, and laboratory analyzing a s  

w e l l  as i n  any changing of the  ins t ruments  and their  loca t ion .  

The t o t a l  cost  f o r  t h i s  t e s t  w i l l  be moderate. 
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PRIORITY: A2 

T e s t  No. 2 

PLANT SCALE REMOVAL METHODS 

RISK AREA: 1 1  

ORJECTIVES 

0 T o  t es t  mechanical, hydrau l i c ,  and chemical 
desca l ing  procedures 

0 T o  develop a c r i t e r i o n  fo r  t h e  frequency of scale 
removal on t h e  b a s i s  of p l a n t  o p e r a b i l i t y  and 
economics, 

SIGNIFICANCE 

This t e s t ,  t oge the r  w i t h  T e s t  No. 1, w i l l  serve t o  establish the 

economic s i g n i f i c a n c e  of s c a l i n g  and i t s  removal. I n  a 

commercial power p l a n t ,  s c a l e  bui ldup  and removal can be 

expensive n o t  on ly  because of c l ean ing  but also because of t h e  

loss i n  revenue when the  p l a n t  is s h u t  down. The e f f e c t s  can  

conceivably be minimized by a r e g u l a r  c leaning  program with some 

of t h e  desca l ing  shutdowns co inc id ing  w i t h  scheduled shutdowns 

for  other p l a n t  maintenance. 

ALTERNATIVE PROCEDURES 

(a) Use plas t ic  p igs  of  d i f f e r e n t  hardnesses or 
a r t i c u l a t e d  p igs  f o r  removing t h e  s c a l e  i n  pipes, 
The advantages are tha t  it i s  e a s y  t o  run a p ig  i n  
the  pipe without  disassembling t h e  i n s t a l l e d  p ipe ,  
it is simple t o  opera te ,  and it is inexpensive.  
The disadvantages a r e  t h a t  t h e  use  of p i g s  i s  
r e s t r i c t e d  t o  p ipes  only  and no t  s u i t a b l e  fo r  
c leaning  other equipment such a s  f l a s h  vessels, 
pumps, etc. 
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(b) Use c a v i t a t i o n  p r i n c i p l e  t o  remove t h e  scale. The 
advantages, such as  e a s e  of opera t ion ,  economy, 
e t c . ,  a r e  y e t  t o  be proven for long-term 
a p p l i c a t i o n s .  The disadvantage i s  t h a t  it i s  
completely unproven f o r  removing t h e  hard scale 
encountered i n  t h e  Sa l ton  Sea br ine.  

(c) Use hydroblas t ing  t o  remove the  scale. The 
advantages are t h a t  it i s  e f f e c t i v e  f o r  l a r g e  areas 
w i t h  easy access, it i s  simple t o  operate, and it 
i s  f a i r l y  inexpensive.  However, it does have major 
disadvantages.  I t s  a p p l i c a t i o n  i s  restricted t o  
l a r g e  a r e a s  only  and is  no t  s u i t a b l e  for small 
diameter pipes, and it cannot  be used while t h e  
p l a n t  i s  i n  operat ion.  

(d) U s e  s u i t a b l e  chemicals t o  dissolve the scale. It 
is easy  t o  apply, Items n o t  e a s i l y  a c c e s s i b l e  t o  
o t h e r  methods can easi ly  be subjecked t o  chemical 
soak, e-g., small d iameter  pipes, v e s s e l  d r a i n s ,  
va lves ,  pumps, etc, The disadvantages are t h a t  it 
is  expensive i f  used fo r  pipes,  vessels, e t c . ,  and 
it cannot  be used while t h e  p l a n t  is  i n  operat ion.  

(e) Use manual cleaning. T h i s  i s  s u i t a b l e  f o r  items 
such  a s  va lves ,  pumps, etc. w i t h  o r  without  
chemical soaking. T h e m  are no s i g n i f i c a n t  
advantages t o  t h i s  method. The d isadvantages  are 
t h a t  it i s  time consuming, it is  very c o s t l y ,  and 
it r e q u i r e s  p l a n t  shutdown when s u f f i c i e n t  
redundancy i s  n o t  provideid. 

U s e  thermal shock. The advantages are t h a t  it can  
be app l i ed  on-l ine,  it .is not  t i m e  consuming, and 
it i s  inexpensive.  The disadvantages a r e  t h a t  it 
consumes a lot of thermal  energy, component l i f e  
w i l l  be reduced due to thermal cyc l ing ,  it is  very 
d i f f i c u l t  t o  i m p o s e  thermal shock on large 
components t h a t  are p h y s i c a l l y  connected t o  a large 
source  or  s i n k ,  small components can  be subjected 
t o  thermal shock only i f  they  are isolated o r  
dismantled from t h e  system, and t o  des ign  the whole 
b r i n e  system s u i t a b l e  for the rma l  shock w i l l  be 
t i m e  consuming and very cost ly  i n  such areas a s  
pipe hangers,  s teel  supports, etc, 

(9) U s e  v i b r a t i o n  t o  dis lodge the scale. The 
advantages a r e  t h a t  it is not  t i m e  consuming, it i s  
reasonably quick, and it can be applied on l i n e .  
The disadvantages a r e  that  t h e  components w i l l  be 
subjected t o  cyclic stresses t h u s  reducing t h e i r  
life, it w i l l  consume a l a r g e  amount of energy 
e s p e c i a l l y  fo r  heavy components, and designing t h e  
whole b r i n e  system s u i t a b l e  for on-l ine v i b r a t i o n s  
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w i l l  involve  sophisticated engineer ing  and hence 
w i l l  be cos t ly .  

(h) Use e x t e r n a l l y  d r iven  scrapers .  The advantages are 
t h a t  it i s  quick and easy t o  ope ra t e  on s h o r t  
l eng th  pipes and i s  r e l a t i v e l y  inexpensive.  The 
disadvantages are t h a t  it i s  unsu i t ab le  f o r  long 
pipe runs  un le s s  t h e  run  i s  divided i n t o  a series 
of short  pipes  w i t h  access, and it i s  n o t  s u i t a b l e  
fo r  equipment such as t a n k s ,  v e s s e l s ,  valves, 
pumps, etc. 

RECOMMENDED PROCEDURE 

The recommended procedure f o r  scale removal is, in conjunct ion  

w i t h  T e s t  No. 1 ,  t o  first monitor scale bui ldup a t  v a r i o u s  

locations in the  test f a c i l i t y .  When the s c a l e  becomes c r i t i c a l  

t o  t h e  cont inuous o p e r a t i o n  of t h e  t e s t  f a c i l i t y ,  the p l a n t  

should be s h u t  down and cleaned. The recommended c l ean ing  

procedure is  a combination of the a l t e r n a t i v e  procedures. For 

pipes, use both s o l i d  and a r t i c u l a t e d  pigs w i t h  and wi thout  

chemicals t o  a r r i v e  a t  t h e  most cost effective method. For 

v e s s e l  walls, etc., where accessibi l i ty  is n o t  a problem, use 

hydroblas t ing  w i t h  and without chemicals. U s e  chemicals f o r  

small diameter  pipe,  d r a i n s ,  etc. Manually c l ean  t h e  scale from 

va lves ,  pumps, etc. w i t h  and wi thout  chemicals. The t es t  should 

be run  cont inuous ly  a t  GLEF us ing  the  recommended methods u n t i l  

a l l  the  necessary d a t a  are co l l ec t ed .  The data should be used t o  

develop an optimum c r i t e r i o n  fo r  removing scale. 

A f t e r  each c l ean ing  s e s s i o n ,  measure and record the w a l l  

t h i c k n e s s  of p ipes ,  vessels, etc. as a means of monitoring the  
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e f f e c t  of s c a l e  removal methods and short-term corros ion  of t h e  

pa ren t  material p r i o r  t o  t h e  d e p o s i t i o n  of p r o t e c t i v e  scale. 

With two p a r a l l e l  f l a s h  vessel t r a i n s ,  it i s  p o s s i b l e  to 

demonstrate the  c l ean ing  of one t r a i n  wi thout  s h u t t i n g  down t h e  

e n t i r e  plant. 

T h i s  w i l l  be a p e r i o d i c  t e s t  throughout  the  d u r a t i o n  of the 1978 

t e s t  period. Cleaning will be an o p e r a t i o n a l  cost, bu t  it is  

e s s e n t i a l  as scale depos i t i on  i s  a high r i s k  area. H o w e v e r ,  t h e  

costs and c l ean ing  t i m e  should be reduced a s  more e f f i c i e n t  

methods and procedures are  developed. Also, it may be more 

economical t o  c l e a n  more f r e q u e n t l y  and use a s h o r t e r  outage 

per iod f o r  cleaning. The t o t a l  cost f o r  t h i s  t es t  w i l l  be 

moderate. 
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PRIORITY: A3 

T e s t  No. 3 

CORROSION AND EROSION IN PLANT 

R I S K  AREA: 12 

OBJECTIVES 

0 To develop techniques for t h e  d e t e c t i o n  and 
measurement of c o r r o s i o n  and e r o s i o n  

e To determine t h e  rates of co r ros ion  and erosion 

0 To a s c e r t a i n  t h e  types  of co r ros ion  

e To s tudy  t h e  effect  of co r ros ion  and e ros ion  on t h e  
performance of the t e s t  f a c i l i t y  and on components 
i n  t h e  f a c i l i t y  

SIGNIFICANCE 

Based on data from t h e  GLEF, cor ros ion  and e ros ion  may be a 

secondary r i s k  a r e a  when r e l a t e d  t o  t h e  s c a l e  r i s k .  However, i f  

t h e  scale problem were reduced, co r ros ion  and e ros ion  problems 

may increase .  I n  a d d i t i o n ,  c o r r o s i o n  i s  time dependent, and 

p resen t  GLEF t e s t s  may n o t  have been of long enough dura t ion  t o  

e v a l u a t e  i t s  long-term effect. Thus, the l i f e  of the p l a n t  i s  

d i r e c t l y  related t o  t h e  ra te  of co r ros ion  and erosion. Excessive 

downtime of the  p l a n t  due t o  the  development of co r ros ion  or 

e ros ion  and repairs or replacement of f a i l e d  p l a n t  components can 

be costly. An undetected co r ros ion  po in t  c o n s t i t u t e s  a hazard t o  

p l a n t  operators. 

8-18 



ALTERNATIVE PROCEDURES 

co r ros ion  and Erosion Detect ion and Measurement 

Visual examination of t h e  system i n t e r n a l s  .and t h e  c u t t i n g  and 

process ing  of t e s t  specimens r e q u i r e  the s h u t t i n g  down of t h e  

t e s t  f a c i l i t y .  T h i s  is t i m e  consuming and expensive. Thus, on- 

l i n e  t e s t  procedures are des i r ab le .  

(a) U t i l i z e  t h e  a p p l i c a t i o n  of commercial i n s t rumen t s  
fo r  on-l ine co r ros ion  and e r o s i o n  de tec t ion .  These 
inc lude ,  but  a r e  no t  l imited to, 

Ultrasonics .  T h i s  technique i s  known t o  
be effective b u t  r e q u i r e s  s k i l l  i n  
ope ra t ion  and i n t e r p r e t a t i o n  of r e s u l t s .  
The advantage i s  that the tes t  equipment 
i s  por tab le .  

Radioqraphy. T h i s  technique  i s  known t o  
be e f f e c t i v e ,  The disadvantage of t h i s  
method is t h a t  s a f e t y  precaut ions  a r e  
required.  The advantage is  t h a t  t h e  
t es t  equipment i s  portable and can t e s t  
any p a r t  of a p ipe  or  equipment. 

Eddy Currents ,  Th i s  technique i s  
s u c c e s s f u l l y  used t o  measure metallic 
and non-metal l ic  c o a t i n g s  on metals and 
would have, t he  advantage of a l lowing  
automatic  t e s t i n g  a t  any  p o i n t  i n  the 
system. It has not been tried at  t h e  
GLEF but  is  used i n  indus t ry .  

Corrosion R a t e  Probes. The disadvantage 
of t h i s  technique i s  t h a t  the t e s t  i s  
l o c a l  w i t h  f i x e d  equipment and r e q u i r e s  
i n s t a l l a t i o n .  The advantage i s  t h a t  
cont inuous t es t  data a r e  obtained. 

Cumulative Damaqe Probes. The 
disadvantage of t h i s  technique  is t h a t  
t h e  t e s t  is l o c a l  w i t h  f i x e d  equipment 
and r e q u i r e s  i n s t  a l l a t i o n .  The 
advantages are that  the method has  been 
used and continuous t e s t  data are 
obtained. 

co r ros ion  t e s t  coupons or e ros ion  wear plates, 
w i t h  s u i t a b l e  mounting bodies on t h e  lines and 
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equipment and on - l ine  retrievers. The coupons and 
p l a t e s  can be i n s e r t e d  and removed without  s h u t t i n g  
down t h e  t es t  f ac i l i t y .  T h i s  technique has  been 
proven, and it is  f l e x i b l e .  Locat ion can be 
r e a d i l y  changed s i n c e  new mounting bodies can be 
i n s t a l l e d  without  s h u t t i n g  down t h e  test  f a c i l i t y .  

(c) Provide r o l l o u t  s e c t i o n s  i n  the  main stream of t h e  
t e s t  f a c i l i t y  t h a t  can  be removed and inspec ted .  A 
bypass a t  t h e  r o l l o u t  s e c t i o n  would allaw t h e  
examination without  s h u t t i n g  down the t e s t  
f a c i l i t y .  The l o c a t i o n s  where t h i s  s e c t i o n  could 
be i n s t a l l e d  are l imi ted .  

(a) Provide s e p a r a t e ,  small bore, paral le l  s i d e  t es t  
streams. These would be a longs ide  the main stream 
and could be isolated and opened f o r  examination 
without  s h u t t i n g  down t h e  main t e s t  f a c i l i t y .  The 
disadvantage i s  t h a t  t he  tes t  f a c i l i t y  would have 
t o  be modified f o r  each t e s t  stream, which would be 
an added expense, 

opening up l i n e s  o r  equipment i s  no t  an on- l ine  procedure but  is 

desirable t o  confirm the other procedures and t o  c a l i b r a t e  any 

instruments .  The disadvantages are t h a t  t he  tes t  f a c i l i t y  has t o  

be shutdown. Also, t h e  cost  of c u t t i n g  and welding openings i s  

expensive,  t he  co r ros ion  may not  be a t  t h e  suspec ted  area, which 

l e a d s  t o  making f u r t h e r  openings, and no early warning i s  given. 

The advantage is t h a t  when c o r r o s i o n  i s  found, p o s i t i v e  measure- 

ments can be made and no u n c e r t a i n t y  e x i s t s .  
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Simulate  i n  a l a b o r a t o r y  a t  the  GLEF the cond i t ions  
a t  var ious  l o c a t i o n s  i n  t h e  proposed 5 0  M W e  power 
plant .  I n s e r t  and s tudy  co r ros ion  t e s t  coupons, 
which can be i n s t a l l e d  i n  s u i t a b l y  designed t e s t  
sections. Record and analyze t h e  r e s u l t s  f o r  
corrosion r a t e s  i n  a da ta  a c q u i s i t i o n  system. This  
procedure i s  f l e x i b l e  a s  it can be e a s i l y  changed 
and coupons can be e a s i l y  i n s e r t e d  and retrieved. 
The disadvantage i s  t h a t  it does n o t  cover f u l l  
s c a l e  cond i t ions  for  p ipes  and equipment. 

By methods selected fo r  co r ros ion  and e r o s i o n  
d e t e c t i o n  measurement, t o g e t h e r  w i t h  d a t a  on the  
t e s t  f a c i l i t y  ope ra t ion ,  e s t a b l i s h  t h e  ra te  of 
co r ros ion  or e ros ion  i n  va r ious  l o c a t i o n s  i n  t h e  
b r i n e  and steam systems i n  t h e  t es t  f a c i l i t y .  

a p e  of Corrosion o r  Erosion 

Af te r  co r ros ion  has been de tec t ed  and i t s  r a t e  of formation 

established, it is  necessary t o  a s c e r t a i n  whether it i s  a uniform 

or  non-uniform type. This can be determined by m e t a l l u r g i c a l  

examination from either t e s t  coupons, i f  t hey  have been used, o r  

if t h e  d a t a  a r e  from ins t rument  a n a l y s i s ,  it has t o  be 

cor robora ted  by a review of t h e  s u r f a c e  when t h e  GLEF is opened. 

The r e s u l t s  w i l l  be evaluated and re la ted  t o  the  e f f e c t  of brine 

temperature ,  p H ,  p r e s su re ,  composition, mechanical fo rces ,  

m a t e r i a l s ,  t he  presence of noncondensible gases  or a i r ,  and t h e  

t es t  f a c i l i t y  layout.  

E f fec t  of Corrosion and Erosion on P l a n t  Performance 

T h i s  w i l l  be an ongoing t e s t  f o r  t h e  d u r a t i o n  of the 1978 t e s t  

period without  any a l t e r n a t i v e  procedures.  Records w i l l  be kep t  

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

related, d i rec t ly  or i n d i r e c t l y ,  t o  co r ros ion  and e ros ion  
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RECOMMENDED PROCEDURE 

The recommended procedure i n  a s s e s s i n g  t h e  effect of  co r ros ion  

and e ros ion  i n  t h e  p l a n t  would be t o  first es tab l i sh  the best 

immediately a v a i l a b l e  techniques fo r  measuring cor ros ion  or 

erosion. 

The selected techniques would t h e n  be used a t  specific l o c a t i o n s  

i n  t he  test f a c i l i t y  t o  detect t h e  presence of co r ros ion  o r  

e ros ion  and t h e n  t o  monitor the  ra te  of co r ros ion  and erosion.  

T h i s  would t a k e  place without  i n t e r r u p t i o n  t o  t h e  ope ra t ion  of 

the  t e s t  f a c i l i t y .  

Whenever t h e  t e s t  f a c i l i t y  i s  shut  down for other reasans  or i f  

j u s t i f i e d  t o  o b t a i n  t he  information,  the s p e c i f i c  l o c a t i o n s  

should be opened, i n spec ted  v i s u a l l y ,  and, i f  necessary,  t e s t  

specimens of t h e  cor ros ion  or e ros ion  should be taken. These 

t e s t  specimens would be examined by a metallurgical laboratory t o  

co r robora t e  the type  of material attack. 

Records should be kep t  of a l l  malfunct ions and i n t e r r u p t i o n s  of 

t h e  t e s t  f a c i l i t y  ope ra t ion  related, e i ther  d i r e c t l y  or 

i n d i r e c t l y ,  t o  co r ros ion  o r  e ros ion ,  no t ing  t h e  na tu re  of t h e  

attack, i t s  l o c a t i o n ,  and depth and composition of the cor ros ion  

products  t o  t h e  e x t e n t  t h a t  such information can be determined. 

The monitoring and a n a l y s i s  would occur throughout for t h e  e n t i r e  

1978 t es t  period. 
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I n i t i a l  costs w i l l  be incu r red  i n  obta in ing  the  

d e t e c t i o n  equipment and i t s  i n s t a l l a t i o n .  Subsequent 

co r ros ion  

costs w i l l  

be f o r  monitoring, m e t a l l u r g i c a l  a n a l y s i s ,  and p l a n t  a n a l y s i s ,  a s  

wel l  as f o r  any changes t o  t h e  ins t ruments  and t o  their  loca t ion .  

Thus, the t o t a l  costs fo r  t h i s  t e s t  w i l l  be moderate. 

I n  a d d i t i o n ,  co r ros ion  and e ros ion  s t u d i e s  should be continued 

under t he  Department of Energy, I n d u s t r i a l  Support  PTogram, i n  

the  small four -s tage  f l a s h  t es t  sys tem s e t u p  a d j a c e n t  t o  the  

GLEF. Th i s  system should be modified t o  s imula t e  t h e  two-stage 

f l a s h  process. Tests  using coupons f o r  mater ia l  eva lua t ion  are  

of g r e a t e s t  value. 
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T e s t  No. 4 

RELIABILITY AND LONGEVITY O F  PLANT COMPONENTS 

PRIORITY: A4 

OBJECTIVE 

R I S K  AREA: 17 and 18 

0 To s e l e c t  and t e s t  pumps, va lves ,  c o n t r o l s ,  and 
ins t ruments  capable of ope ra t ing  dependably and f o r  
long per iods  i n  t h e  GLEF environment 

S I G N  IF  ICANC E 

F a i l u r e  of minor p l a n t  components may e n t a i l  a substant ia l  loss 

of p l a n t  a v a i l a b i l i t y  and cos t ly  r e p a i r s  or replacement. Even 

though ope ra t ion  may cont inue i n  spite of d e f e c t i v e  items (e.g., 

a f rozen  c o n t r o l  valve)  , p l a n t  performance w i l l  n o t  be optimum. 

Inoperable  c o n t r o l s  can r e s u l t  i n  i n s t a b i l i t y  or  severe 

o s c i l l a t i o n s  i n  p l a n t  systems t h a t  can be s i g n i f i c a n t l y  

d e t r i m e n t a l  t o  p l a n t  a v a i l a b i l i t y .  

ALTERNATIVE PROCEDURES 

(a) Assess on a cont inuous basis  the func t ion ing  of t h e  
c r i t i c a l  G L E F  i t e m s .  Keep an a c c u r a t e  record  of 
a l l  f a i l u r e s ,  type  of corrective measure, cost of 
r e p a i r s  (or replacement) i n  manhours and materials, 
and loss of p l a n t  a v a i l a b i l i t y .  

(b) Review and improve o p e r a t i n g  procedures based on 
ongoing GLEF o p e r a t i o n a l  experience.  

(c) select from previous G L E F  experience promising 
a l t e r n a t i v e  components; i n s t a l l  and t e s t  i n  
modified GLEF. 

(d) c o n t r a c t  w i t h  t h e  component manufacturers t o  
develop and t e s t  pumps, va lves ,  c o n t r o l s ,  and 
in s t rumen ta t ion  s u i t a b l e  for  use  i n  t h e  GLEF 
environment. 
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(e) Provide a r o l l o u t  s e c t i o n  i n  the main stream as  a 
t e s t  bed f o r  instrument  development. A bypass a t  
t h e  r o l l o u t  s e c t i o n  would allow the test  bed t o  be 
removed and i n t e r n a l l y  inspec ted  without  s h u t t i n g  
down the t e s t  f a c i l i t y .  

RECOMMENDED PROCEDURE 

The recommended procedure would be a combination of a l l  t h e  

alternatives.  Emphasis should be put  on surveying t h e  most 

c r i t i c a l  components and g e t t i n g  t h e  manufacturers t o  develop 

improvements. 

T h i s  t e s t  would be ongoing but  not  cont inuous f o r  the dura t ion  of 

the  1978 t e s t  per iod  and should cont inue i n t o  1979 when t h e  

design c r i te r ia  w i l l  be def ined  f o r  component design. The costs 

would be moderate t o  expensive and would involve  the record ing  

and a n a l y s i s  of p l a n t  performance, meetings w i t h  manufacturers,  

and t h e  purchasing and t e s t i n g  of improved items. 
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PRIORITY: As 

T e s t  N o -  5 

PERFORMANCE OF INJECTION WELLS 

RISK AREA: 21 and 25 

OBJECTIVE 

To e s t a b l i s h  the  capac i ty  of e x i s t i n g  and f u t u r e  
i n j e c t i o n  w e l l s  t o  accept b r ine  a s  a func t ion  of 
wellhead pressure 

SIGNIFICANCE 

Permeabi l i ty  of the  formation may no t  a l low f u l l  design flow 

condi t ions .  Malfunction of the i n j e c t i o n  wells w i l l  r e s u l t  i n  

h igh  i n j e c t i o n  p r e s s u r e s  and t h e  inc reased  consumption of pumping 

power. Cleaning costs may become s u b s t a n t i a l -  Wells may have t o  

be abandoned and new i n j e c t i o n  w e l l s  d r i l l e d ;  t h i s  would be a 

cost ly  process. 

ALTERNATIVE PROCEDURES 

U s e  c a l c u l a t i o n s  t o  determine the f l u i d  f low and 
thermal-front  movements from t h e  i n j e c t i o n  w e l l s .  
These could involve e i ther  semi-ana ly t ica l  o r  
numerical  modeling. The advantage i s  tha t  t h i s  
procedure can be carried ou t  on any t h e o r e t i c a l  
w e l l  array. The disadvantage i s  that  the results 
a r e  dependent on the i n p u t  d a t a  and theory  used. 

Continue t o  run  and record data on the  e x i s t i n g  
w e l l s .  The main measurements being f l o w  r a t e s ,  
i n j e c t i o n  b r i n e  chemistry a t  t h e  wellhead, and 
downhole p re s su re  and temperature 

survey t h e  e x i s t i n g  wells us ing  more s o p h i s t i c a t e d  
data g a t h e r i n g  equipment t o  improve the p resen t  
e x t r a p o l a t i o n  of e x i s t i n g  da ta .  Type of equipment 
would be e l e c t r i c a l  tools,  r a d i o a c t i v e  tools, and 
a c o u s t i c  tools. 
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(d) survey t h e  e x i s t i n g  w e l l s  and determine the  w e l l  
w i t h  t h e  poores t  ra te  of b r i n e  acceptance. Apply 
w e l l  r e w o r k  and cleanup procedures, then  recommence 
b r i n e  i n j e c t i o n ,  and measure temperature , w e l l  
flow, and wellhead p r e s s u r e  f o r  changes. 

(e) I f  procedure (d) shows no change, b l o c k  off w e l l  a t  
s e l e c t e d  level so t h a t  i n j e c t i o n  w i l l  be t o  a 
d i f f e r e n t  strata,  Obtain new da ta  for flow, 
temperature ,  and pressure.  

( f )  D r i l l  an  i n j e c t i o n  wel l  i n  a new area, ensure core 
samples are taken,  and improve logging and t e s t i n g  
techniques.  

RECOMMENDED PROCEDURE 

The recommended procedure i s  t o  u t i l i z e  t h e  procedures from (b) 

t o  (f) i n  a p rogres s ive  sequence. Each subsequent s t a g e  would 

depend on previous  r e s u l t s  ob ta ined ,  t i m e  remaining, and 

a d d i t i o n a l  costs. I n  a d d i t i o n  t h e  permeabi l i ty  of  t h e  w e l l s  may 

be a f f e c t e d  by procedures from other tests. For example, T e s t  

No. 6 could l ead  t o  a reduct ion  i n  s c a l i n g  i n  the w e l l s .  

T h i s  i s  a high r i s k  i t e m ,  w i t h  t h e  unknowns cont inuing  w i t h  each 

new i n j e c t i o n  w e l l .  Thus, i t  i s  e s s e n t i a l  t o  have a s  much 

information about each e x i s t i n g  w e l l ,  a s  accu ra t e  a s  poss ib le .  

The cost  of new ins t rumen ta t ion  and o p e r a t o r  time t o  i n v e s t i g a t e  

each w e l l  would be t h e  main cost. The cost and t i m e  schedule  may 

not permit t h e  d r i l l i n g  of a new w e 1 1  or even a l t e r i n g  an 

e x i s t i n q  w e l l .  Thus, t h e  basic c o s t s  w i l l  be moderate, however 

reworking e x i s t i n g  w e l l s  w i l l  be expensive,  and t h e  d r i l l i n g  of a 

new w e l l  w i l l  be very expensive. 
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The t e s t  would be ongoing throughout t h e  1978 t es t  per iod,  though 

t h e  i n v e s t i g a t i o n s  and reviews w i l l  be periodic .  Based on GLEF 

o w r a t i o n a l  data  where w e l l s  have had a r a p i d  f l o w  reduct ion  

a f t e r  9 months, monitoring of t h e  b r i n e  i n j e c t i o n  c o n d i t i o n s  

should be continued a f t e r  the  end of the 1978 t e s t  per iod  t o  

enable  the  t e s t  run t o  be cont inuous a t  f u l l  f low f o r  9 t o  12 

months. 

Imper ia l  Magma and Lawrence Livermore Laboratory have conducted 

t e s t  programs i n  t h i s  r i s k  a rea .  Their  t e s t  d a t a  should be 

reviewed. Fur ther  work, supported by t h e  Department of Energy, 

I n d u s t r i a l  suppor t  Program and Imper ia l  Magma is  needed and 

should be coordinated w i t h  the overall program. 
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T e s t  No .  6 

PRECIPITATION OF SOLIDS PRIOR TO INJECTION 

PRIORITY:  A6 

ORJ ECT IVES 

R I S K  AREA: 24 

To reduce s c a l e  bui ldup i n  t h e  d ischarge  l i n e s  from 
t h e  tes t  f a c i l i t y  t o  the i n j e c t i o n  well 

To extend t h e  w e l l  l i f e  by reducing  t h e  q u a n t i t y  of 
suspended s o l i d s  t h a t  might d e p o s i t  i n  t h e  w e l l  
c a s ing  o r  c log  t h e  cas ing  s lo t s  

0 To avoid apprec iab ly  reducing t h e  permeabi l i ty  of 
t he  r ece iv ing  r e s e r v o i r  

S I G N  IF  ICANCE 

Continual  c l ean ing  of the  d ischarge  l i n e  will be a c o s t l y  and 

time consuming requirement. P r e c i p i t a t i o n s  i n  t h e  w e l l  w i l l  be 

d i f f i c u l t  t o  remove and w i l l  r e q u i r e  t h e  well t o  be s h u t  down f o r  

c l ean ing ;  severe c a s e s  of s c a l i n g  may need r e d r i l l i n g  of t h e  w e l l  

o r  even abandonment. Reduced permeabi l i ty  of t h e  reservoir a l s o  

could lead t o  the abandonment of the  w e l l .  

ALTERNATIVE PROCEDURES 

(a) Rely e n t i r e l y  on e x i s t i n g  information. T h i s  would 
lead t o  reduced output  e i t h e r  from reduced f low or  
increased  pumping power requirements.  Ult imately,  
t h e  procedure could be expensive due t o  c l ean ing  o r  
t he  need f o r  new s u b s t i t u t e  w e l l s .  

(b) I n s t a l l  s e t t l i n g  ponds or tanks. The disadvantage,  
e s p e c i a l l y  f o r  a 50 M W e  power p l a n t  i s  the  area 
required.  S e t t l i n g  ponds a lso  r e q u i r e  c a r e f u l  
l i n e r  o r  s u b s o i l  design t o  prevent  leakage i n t o  t h e  
water t ab le .  The advantage is t h a t  holding t i m e  
and any a d d i t i v e s  r equ i r ed  t o  se t t le  suspended 

8-29 



matter  can be v a r i e d ,  depending on the b r i n e  
e f f l u e n t  chemistry, 

A d d  a reactor c la r i f ie r ,  which uses  f l o c c u l e n t s  and 
r e q u i r e s  no pH adjustment,  T h i s  is  a large i t em of 
equipment t h a t  r e q u i r e s  ope ra to r  a t t e n t i o n .  The 
advantage is  t h a t  i n i t i a l  G L E F  t e s t s  have given 
promising r e s u l t s .  

U s e  t e s t  f i l t e r s ,  multimedia sand, or d i a tomi te  
followed by p o l i s h i n g  f i l t e r .  These would be used 
i n  conjunct ion  w i t h  o t h e r  procedures. 

I n j e c t  noncondensible gases. The disadvantage i s  
t h a t  the g a s  compression costs a r e  excessive,  
However, it i s  one method of d ispos ing  of 
noncondensible gases. A l s o ,  the noncondensible 
gases  reduce the  pH of t h e  br ine ,  t h u s  provid ing  
s c a l e  c o n t r o l ,  another  problem area .  

Use hydrocyclones. The advantage of t h i s  method is  
t h a t  it is used i n  i n d u s t r y  and u n i t s  a re  
commercially available. 

Require on ly  p a r t i a l  cleanup, u s ing  smaller and 
therefore less costly equipment than i t emized  i n  
(b) t o  ( f ) .  

RECOMMENDED PROCEDURE 

The recommended t e s t  procedure i s  t o  cont inue  t h e  p resen t  s i t e  

e v a l u a t i o n  of a l t e r n a t i v e s  (b ) ,  ( c ) ,  and (a) .  The equipment 

should be capable  of t a k i n g  f u l l  f l o w  w e l l  f l ows  and should 

c o n s i s t  of e i t h e r  s e t t l i n g  t anks  or a r e a c t o r  c l a r i f i e r  p lus  

f i l ters .  These tes ts  would be ongoing and cont inuous f o r  t he  

whole of the  1978 t es t  pe r iod  and a t  least  6 months of 1979, 

T h i s  is  one of the  most s e r i o u s  r i s k  areas, therefore t h e  very 

expensive cost of o b t a i n i n g  major items of equipment and t e s t i n g  

t h e  bes t  a l te rna t ives  would be j u s t i f i e d .  
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I n  add i t ion ,  t h e  small s c a l e  t e s t  i n v e s t i g a t i o n s  on b r i n e  

handl ing and s c a l e  c o n t r o l  methods should  be cont inued under t h e  

Department of Energy, I n d u s t r i a l  Support  Program. 
r 
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T e s t  No. 7 

SCALING AND CORROSION OF INJECTION WELL 

PRIORITY: A7 RISK AREA: 22 and 23 

087 ECT IVES 

0 To determine the co r ros ion  and s c a l i n g  r a t e  of 
i n j e c t i o n  w e l l  c a s ing  

0 To s e l e c t  s u i t a b l e  materials of c o n s t r u c t i o n  

S I G N I F I C A N C E  

Corrosion and s c a l i n g  of the well c a s i n g  may r e q u i r e  c o s t l y  

r e p a i r s  o r ,  a t  worst, abandonment of t h e  w e l l .  The s e l e c t i o n  of 

m a t e r i a l  t h a t  does n o t  give a long ope ra t ing  l i f e  w i l l  r e q u i r e  

r e p a i r s  o r  replacement. 

ALTERNATIVE PROCEDURES 

(a) I n s t a l l  t e s t  coupons of va r ious  materials i n  t h e  
l i n e  j u s t  before t h e  i n j e c t i o n  wellhead. The 
advantages a r e  t h a t  it is  inexpensive,  l e a s t  t i m e  
consuming, and a l a r g e  number of materials can be 
tested. The  d i sadvantages  a r e  t h a t  f low p a t t e r n  
around t h e  coupons is not  s i m i l a r  t o  t h a t  i n  t h e  
i n j e c t i o n  w e l l ,  l o c a l i z e d  e r o s i o n  may result t h a t  
can be m i s i n t e r p r e t e d  as cor ros ion ,  without  proper 
electrical  i s o l a t i o n  between coupons, ca thod ic  
co r ros ion  may r e s u l t ,  and t h e  coupons can be 
i n s t a l l e d  and inspec ted  only when the p l a n t  i s  
down. 

(b) I n s t a l l  t es t  pipe spools of selected m a t e r i a l s  i n  a 
l i n e  p a r a l l e d  t o  the i n j e c t i o n  l i n e .  The 
advantages are t h a t  a selected number of m a t e r i a l s  
can be tested, br ine-cas ing  w a l l  i n t e r a c t i o n  will 
be r e a l i s t i c ,  and modi f ica t ions  and t e s t  
measurements can be made w h i l e  the  p l a n t  i s  oper-  
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a t ing .  The disadvantages are t h a t  the modi f ica t ion  
and i n s t a l l a t i o n s  a r e  expensive,  major modi f ica t ion  
t o  t h e  i n j e c t i o n  system piping are requi red  while 
t he  p l a n t  i s  down, and co r ros ion  and s c a l i n g  a r e  
monitored i n  t h e  i n j e c t i o n  l i n e  and n o t  i n  the well 
casing. 

I n s t a l l  removable s t r i n g s  (sleeves) of selected 
m a t e r i a l s  i n  t h e  i n j e c t i o n  w e l l .  The advantages 
a r e  t h a t  a s e l e c t e d  number of materials can be 
tested, br ine-cas ing  w a l l  i n t e r a c t i o n  will be most 
r e a l i s t i c ,  and measurements f o r  scale and co r ros ion  
a r e  t aken  dawnhole. The d isadvantages  a r e  that  it 
w i l l  be expensive,  w i l l  t a k e  s e v e r a l  days t o  
i n s t a l l  t h e  t h e  tubes i n  the  well, and w i l l  r e q u i r e  
pe r iod ic  shutdown of t h e  w e l l  t o  p u l l  t h e  s t r i n g s  
f o r  inspec t ion .  The p l a n t  can  cont inue t o  run i f  a 
standby i n j e c t i o n  w e l l  is  ava i l ab le .  

Apply t h e  methods selected under Tests No. 1 and 
No.  3 f o r  on - l ine  measurement i n  t h e  l i n e  ahead of 
the  i n j e c t i o n  wellhead, The advantages a r e  t h a t  it 
is inexpensive,  it i s  r e l i a b l e ,  r e g u l a r  
measurements can be taken  whi le  t h e  p l a n t  is  i n  
opera t ion ,  cont inuous monitoring t o  establish t h e  
r a t e s  i s  poss ib l e ,  and a c t u a l  measurements on t h e  
i n j e c t i o n  l i n e  can be taken for  v e r i f i c a t i o n  dur ing  
r e g u l a r  shutdown of t h e  p l an t .  The disadvantage i s  
tha t  t h e  measurements a r e  taken i n  the i n j e c t i o n  
l i n e  and n o t  i n  t h e  w e l l .  

U s e  c a l i p e r s  t o  measure t h e  d iameter  a t  va r ious  
depths  of the  i n j e c t i o n  w e l l .  The advantages a r e  
t h a t  t h e  br ine-casing w a l l  i n t e r a c t i o n  is  exac t ,  no 
a d d i t i o n a l  t i m e  i s  r equ i r ed  s ince  the t e s t  can be 
done dur ing  scheduled shutdowns, and it i s  
inexpensive.  The disadvantages are  that the well 
f low needs t o  be s topped and a standby i n j e c t i o n  
w e l l  is needed f o r  un in t e r rup ted  ope ra t ion  of t h e  
p l a n t ,  and absence of .scale d e p o s i t s  a t  the  p o i n t  
of measurement cannot be v e r i f i e d  because no v i s u a l  
i n s p e c t i o n  i s  p o s s i b l e  and d i f f e r e n t i a t i o n  cannot 
be made between scale and corrosion.  

Use magnetic i nduc t ion  and convent ional  o i l  w e l l  
logging techniques.  The advantages a r e  t h a t  t h e  
metallic wel l -cas ing  w a l l  measurement i s  exact: no 
a d d i t i o n a l  t i m e  i s  r e q u i r e d  because t h e  t e s t  can be 
done dur ing  scheduled downtime, it i s  inexpensive,  
and i n s t r u m e n t s  are a v a i l a b l e  t o  assess t h e  
co r ros ion  on t h e  o u t s i d e  of the w a l l  casing.  The 
d isadvantages  a r e  t h a t  t h e  w e l l  flow needs t o  be 
stopped while a standby i n j e c t i o n  w e l l  is used f o r  
un in t e r rup ted  ope ra t ion  of the p l a n t ,  t h e  method i s  
l i m i t e d  by well diameter and t h e  temperature  a t  t h e  
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measuring p o i n t ,  t h e  methods cannot estimate t h e  
combination of s c a l e  and co r ros ion  a t  the same 
l o c a t i o n ,  and t h e  th i ckness  of nonmagnetic scale 
may adversely a f f e c t  t h e  reading. 

RECOMMENDED PROCEDURE 

A l t e r n a t i v e  (d) using on- l ine  measurement i s  recommended. The 

measurements should be v e r i f i e d  by using a l t e r n a t i v e s  le) , 
c a l i p e r  measurements of w e l l  cas ing ,  and ( f )  , magnetic i nduc t ion  

measurements of w e l l  cas ing ,  when t h e  w e l l  is s h u t  down. 

Recommended methods would be time consuming and moderately 

expensive,  b u t  it i s  essent ia l  t o  es tab l i sh  t h e  s c a l i n g  and 

co r ros ion  of the i n j e c t i o n  w e l l  s o  t h a t  the a s s o c i a t e d  r i s k s  can 

be minimized. The recommended procedure for material s e l e c t i o n  

i s  a l t e r n a t i v e  (c) , w i t h  t he  i n s t a l l a t i o n  of removable s t r i n g s  of 

s e l e c t e d  m a t e r i a l s  i n  t h e  i n j e c t i o n  w e l l .  The tes ts  would be 

cont inous  f o r  the d u r a t i o n  of t h e  1978 t e s t  program. However, 

t h i s  t e s t  should be considered for con t inua t ion  i n t o  1979 i n  

order t o  extend t h e  d a t a  g a t h e r i n g  period. This i s  e s s e n t i a l  f o r  

long-term co r ros ion  measurements. 
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PRIORITY:  A8 

T e s t  No.  8 

PERFORMANCE OF PRODUCTION WELLS 

R I S K  AREA: 1, 2 ,  and 7 

O E J  ECT IVES 

To e s t a b l i s h  the  c h a r a c t e r i s t i c s  of t he  product ion 
wells, t h a t  is, the  rate of production f o r  given 
bottom-hole pressure and temperature ,  wellhead 
pressure, w e l l  depth, and l a y o u t  and formation 
permeabi l i ty  

To predict  the  t r e n d  of w e l l  performance, 
p a r t i c u l a r l y  temperature and f l o w  d e c l i n e  w i t h  t i m e  

S IGNIFICANCE 

It i s  necessary t o  have assurance  that  the w e l l  f i e l d  f o r  t h e  

5 0  MWe demonstrat ion power p l a n t  can produce a t  an adequate ra te  

and w i t h  an accep tab le  q u a l i t y  over the  a n t i c i p a t e d  30-year l i f e .  

A l s o ,  knowledge of temperature  and f l o w  d e c l i n e  i s  necessary t o  

determine a d d i t i o n a l  wel l  requirements  and p l a n t  component design 

and hence t o  a s s e s s  t h e  30-year w e l l  f i e l d  and p l a n t  investment  

required. 

ALTERNATIVE PROCEDURES 

(a) Apply a t h e o r e t i c a l  approach t o  the w e l l  f i e l d  
surrounding the test  f a c i l i t y ,  f i t t i n g  d a t a  of f l o w  
decay, temperature  d e c l i n e ,  and thermal t r a n s i e n t s  
from e x i s t i n g  w e l l  f i e l d s  w i t h  proven case 
histories,  The disadvantage of this procedure i s  
t h a t  the r e s u l t s  a r e  dependent on t h e  inpu t  d a t a  
which may no t  f i t  t h e  Sa l ton  Sea geothermal 
w e l l f i e l d  condi t ions .  Alsol  assumptions w i l l  have 
t o  be made t h a t  w i l l  be gene ra l  i n  nature ,  

(b) Simulate,  on computer models , w e l l  cond i t ions  
inc lud ing  s c a l e  depos i t ion .  This procedure i s  

8-35 



dependent on geo log ica l  and geophysical  i npu t  data, 
empirical c o r r e l a t i o n s ,  and assumptions f o r  
unknowns. 

(c) Continue t o  update  and correlate data from a l l  
e x i s t i n g  w e l l s  i n  t h e  area surrounding the  t e s t  
f a c i l i t y .  T h i s  could i n c l u d e  w e l l s  no t  opera ted  by 
GLEF. Th i s  has t h e  advantage of cont inuing  on- 
going tes t s  but  i s  l imi ted  t o  a f e w  w e l l s  t h a t  may 
not  be t y p i c a l  of the a r e a  and may n o t  have 
operated for  a long  enough t i m e  t o  es tab l i sh  
dec l ines .  

(d) Charge depth of a t  l e a s t  one w e l l  and o b t a i n  new 
data ,  T h i s  has t h e  advantage of extending 
information on s t ra ta  level and i t s  r e l a t i o n  t o  
wel l  f l o w .  

(e) D r i l l  new w e l l ,  or w e l l s ,  and o b t a i n  new d a t a ,  The 
d isadvantages  a r e  t h e  c o s t  and t i m e  r equ i r ed  t o  
o b t a i n  the data .  The advantage is  t h a t  t h e  w e l l  
l o c a t i o n  can be chosen w i t h  r e f e rence  to known d a t a  
t o  o b t a i n  better r e p r e s e n t  a t  ive w e l l s .  

RECOMMLENDED PROCEDURE 

The recommended procedure is t o  o b t a i n  a d d i t i o n a l  o r  extended 

da ta  from a l l  w e l l s  i n  t h e  area, a l t e r n a t i v e  (c) , and t o  use 

models, a l t e r n a t i v e  (b) t o  e x t r a p o l a t e  this information. The 

main information r equ i r ed  fo r  each w e l l  i s  i t s  production rate,  

thermodynamic c h a r a c t e r i s t i c s  ,, and chemical composition. T h i s  

would be an ongoing tes t ,  carried o u t  over t h e  d u r a t i o n  of t h e  

1978 t es t  period. However, i f  the  production wells cont inue  t o  

ope ra t e  a f t e r  t h e  end of t h e  year ,  data ga the r ing  should 

continue. For the  GLEF w e l l s ,  t he  costs will depend on the  

a d d i t i o n a l  i n s t rumen ta t ion  r equ i r ed ,  t h e  r eco rd ing  and monitoring 

of t h e  data, and t h e  subsequent a n a l y s i s ,  I n  add i t ion ,  c o s t s  

w i l l  i n c l u d e  modeling and t e s t i n g  w e l l s  no t  a t  the GLEF. Thus, 

t h e  b a s i c  costs w i l l  be moderate, however, reworking e x i s t i n g  
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w e l l s  w i l l  be expensive and t h e  d r i l l i n g  of a new w e l l  w i l l  be 

very expensive. 

Within t h e  t i m e  span of t h e  proposed tests, it would be d i f f i c u l t  

t o  d r i l l ,  and have i n  product ion,  more than  one new w e l l .  

However, it is  recommended t h a t  dur ing  t h e  d r i l l i n g  of w e l l s  f o r  

t h e  50 M W e  demonstration power p l a n t  a n  o v e r a l l ,  ongoing tes t  

proqram would be planned and coordinated.  T h i s  would inc lude  

core  samples f o r  each new w e l l .  
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PRIORITY: A9 

T e s t  No.  9 

SCALING AND CORROSION OF PRODUCTION WELL 

O R J  ECrr IVES 

RISK AREA: 5 and 6 

To determine t h e  co r ros ion  and s c a l i n g  r a t e  of t h e  
product ion w e l l  c a s ing ,  wellhead equipment, and 
production l i n e  t o  t h e  p l a n t  

0 To determine s u i t a b l e  m a t e r i a l s  of cons t ruc t ion  

SIGNIFICANCE 

Corrosion and s c a l i n g  may r e q u i r e  costly r e p a i r s  o r  c l ean ing  of 

t h e  w e l l  f i e l d  components or, a t  w o r s t ,  e a r ly  abandonment of t h e  

we 11. 

ALTERNATIVE PROCEDURES 

(a) I n s t a l l  t e s t  coupons of va r ious  m a t e r i a l s  i n  t h e  
l i n e s  j u s t  a f t e r  t h e  product ion wellheads. The 
advantages a r e  t h a t  it i s  inexpensive,  l eas t  time 
consuming, and a l a r g e  number of m a t e r i a l s  can be 
t e s t e d .  The disadvantages are t h a t  t h e  f l o w  
p a t t e r n  around t h e  coupon i s  n o t  s i m i l a r  t o  t h a t  i n  
t h e  product ion w e l l ,  l o c a l i z e d  e ros ion  may r e s u l t ,  
which can be mis in t e rp re t ed  a s  co r ros ion ,  without  
proper e l e c t r i c a l  i s o l a t i o n  between t h e  coupons, 
ca thod ic  co r ros ion  may r e s u l t ,  and coupons can be 
i n s t a l l e d  and inspec ted  only when the  p l a n t  i s  s h u t  
down. 

(b) I n s t a l l  t e s t  pipe spools of selected materials i n  a 
l i n e  paral le l  t o  the  product ion l i nes .  The 
advantages are t h a t  a selected number of materials 
can be tested, br ine-cas ing  wall i n t e r a c t i o n  w i l l  
be r e a l i s t i c ,  and modi f ica t ions  and t e s t  
measurements can be made while the  p l a n t  i s  
operat ing.  The disadvantages a r e  t h a t  t h e  
modi f ica t ions  and i n s t a l l a t i o n  a r e  expensive,  major 
modi f ica t ion  t o  t he  product ion system p ip ing  are  
r e q u i r e d  whi le  t h e  p l a n t  i s  down, and co r ros ion  and 
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s c a l i n g  are monitored i n  the production l i n e  and 
n o t  i n  the w e l l  casings.  

I n s t a l l  removable s t r i n g s  (sleeves) of s e l e c t e d  
m a t e r i a l s  i n  t h e  product ion w e l l  cas ings ,  The 
advantages a r e  t h a t  a selected number of m a t e r i a l s  
can be tested,  b r i n e  cas ing  w a l l  i n t e r a c t i o n  w i l l  
be most r e a l i s t i c ;  and measurements f o r  s c a l e  and 
co r ros ion  a r e  taken  downhole. The d isadvantages  
a r e  t h a t  it w i l l  be expensive,  it w i l l  t a k e  s e v e r a l  
days t o  i n s t a l l  t h e  tubes i n  the w e l l ,  and w i l l  
r equ i r e  p e r i o d i c  shutdown of t h e  w e l l  t o  p u l l  t h e  
s t r i n g s  for inspec t ion .  The p l a n t  can cont inue  t o  
run i f  another  product ion w e l l  i s  ava i l ab le .  

Apply t he  method selected under T e s t s  No.  1 and 
No. 3 for  on- l ine  measurement i n  the  l i n e s  a f t e r  
the product ion wellheads. The advantages are t h a t  
it is  inexpensive,  it i s  r e l i a b l e ,  r e g u l a r  
measurement can be taken w h i l e  t he  p l a n t  is i n  
opera t ion ;  cont inuous monitoring t o  e s t ab l i sh  the  
r a t e  i s  possible, and a c t u a l  measurements on  t h e  
product ion l i n e s  can be taken for  v e r i f i c a t i o n  
during r e g u l a r  downtime of t h e  p lan t .  The 
disadvantage i s  t h a t  t he  measurements are taken i n  
t he  product ion l i n e s  and n o t  i n  the w e l l .  

Use c a l i p e r s  t o  measure t h e  diameter a t  v a r i o u s  
depths of t h e  product ion w e l l s .  The advantages a r e  
t h a t  t h e  br ine-cas ing  w a l l  i n t e r a c t i o n  i s  exact and 
it i s  inexpensive,  The disadvantages are t h a t  t h e  
w e l l  flow n e e d s '  t o  be stopped and a s tandby 
product ion w e l l  i s  needed f o r  t h e  u n i n t e r r u p t e d  
o p e r a t i o n  of t h e  p l a n t ,  s topping and r e s t a r t i n g  the  
w e l l  w i l l  t a k e  several days, and absence of scale 
deposits a t  t h e  po in t  of measurement cannot be 
v e r i f i e d  because no v i s u a l  inspec t ion  i s  possible 
and d i f f e r e n t i a t i o n  cannot  be made between s c a l e  
and corrosion.  

U s e  magnetic i nduc t ion  and convent iona l  o i l  w e l l  
logging techniques ,  The advantages a r e  t h a t  t h e  
m e t a l l i c  w e l l  c a s ing  w a l l  measurement is exact ,  no 
a d d i t i o n a l  t i m e  is  requ i r ed  because the test can be 
done dur ing  scheduled downtime, and it is  n o t  
expensive. The d isadvantages  are t h a t  the w e l l  
f l o w  needs t o  be stopped w h i l e  a standby product ion 
w e l l  is  u t i l i z e d  f o r  un in t e r rup ted  ope ra t ion  of t h e  
p l a n t ,  the ins t ruments  are l i m i t e d  i n  t h e i r  u se  by 
t h e  w e l l  diameter and temperature a t  the measuring 
p o i n t ,  the method cannot estimate the  combination 
of scale and co r ros ion  a t  t h e  same location, and 
t h e  th i ckness  of nonmagnetic scale may adversely 
effect t h e  reading. 

8-39 



RECOMMENDED PROCEDURE 

A l t e r n a t i v e  (d) using on-l ine measuring devices is  recommended. 

The measurements would be v e r i f i e d  dur ing  scheduled p l a n t  

shutdowns us ing  a l t e r n a t i v e  (e) , caliper measurements of w e l l  

c a s i n g s  and a l t e r n a t i v e  ( f )  , magnetic i nduc t ion  measurements of 

wel l  casing. These procedures w i l l  be t i m e  consuming and 

moderately expensive,  however, it i s  e s s e n t i a l  t o  g a t h e r  a l l  t h e  

necessary d a t a  wi th  regard  t o  s c a l i n g  and co r ros ion  of product ion 

wells so t h a t  t h e  associated r i s k  can  be minimized. The 

recommended procedure f o r  m a t e r i a l  s e l e c t i o n  is  a l t e r n a t i v e  (c) 8 

w i t h  t he  i n s t a l l a t i o n  of removable s t r i n g s  of selected materials 

i n  t h e  product ion w e l l s .  This  w i l l  be an ongoing t e s t  for t h e  

whole of t h e  1978 tes t  period. As more information becomes 

a v a i l a b l e  over a l a r g e  t i m e  spano t h e  accuracy of the e s t ima te  of 

product ion w e l l  s c a l i n g  and c o r r o s i o n  over 30-year l i f e  w i l l  be 

improved. 
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PRIORITY:  A10 

T e s t  No. 10 

BRINE COMPATIBILITY 

R I S K  AREA: 8 and 27 

OB J E C T I  VE 

To e s t a b l i s h  t h e  c o m p a t i b i l i t y  of f l u i d s  from 
d i f f e r e n t  wells 

S I G N  I F  ICANCE 

For t h e  process  t o  be chemical ly  s table ,  and t roub le - f r ee  over a 

30-year l i f e ,  it i s  e s s e n t i a l  t o  e s t a b l i s h  t h a t  t h e  f l u i d s  from 

d i f f e r e n t  w e l l s  w i l l  be compatible w i t h  or without  a d d i t i v e s .  

ALTERNATIVE PROCEDURES 

(a) Obtain samples from a number of w e l l s  and ana lyze  
them i n  t h e  l a b o r a t o r y  a t  t h e  G I Z F  site f o r  t h e i r  
composition. On t h i s  basis, t h e o r e t i c a l l y  p r e d i c t  
t h e i r  compat ib i l i ty .  The advantages a r e  t h a t  it i s  
q u i c k  and it i s  l e a s t  expensive. The disadvantages 
a r e  t h a t  it is  t h e o r e t i c a l ,  it i s  only  a s  a c c u r a t e  
a s  t he  sample analyses ,  and it is very approximate, 
s i n c e  t h e  approach does n o t  t a k e  i n t o  c o n s i d e r a t i o n  
the b r i n e  f l o w  through t h e  p l a n t  w i t h  r e s u l t i n g  
change i n  pressure ,  temperature 8 composition, and 
concent ra t ion .  

(b) Obtain samples from a number of wells and analyze 
t h e m .  Mix these samples i n  d i f f e r i n g  p ropor t ions  
i n  t h e  l a b o r a t o r y  and s tudy  t h e  mixture f o r  compat- 
i b i l i t y .  The advantages a r e  t h a t  it i s  r e l a t i v e l y  
inexpensive,  it is  reasonably quick, and t h e  
behavior of t h e  mixture,  while  it is flowing 
through t h e  p l a n t  w i t h  changes i n  pressure ,  
temperature,  composition, and concen t r a t ion ,  can be 
predicted.  The disadvantages are t h a t  t h e  mixing 
is done a t  a temperature  which i s  d i f f e r e n t  from 
the  production w e l l  o u t l e t  temperature,  t h e  
behaviors of mixutre i n  t h e  p l a n t  cannot  be s t u d i e d  
b u t  on ly  p red ic t ed  wi th  c e r t a i n  q u a l i f i c a t i o n s ,  and 
t h e  e f f e c t  of mixing small  q u a n t i t i e s  of b r ine  i s  
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assumed t o  be t h e  same a s  mixing l a r g e  q u a n t i t i e s  
of brine.  

(c) Mix f u l l  f l o w s  from v a r i o u s  w e l l s  a t  the s i t e  and 
i n v e s t i g a t e  t h e i r  c o m p a t i b i l i t y  a s  t h e  mixture 
flows through t h e  p lan t .  The advantages are t h a t  
it is  t h e  most real is t ic  method and very  a c c u r a t e  
and the r e s u l t s  can be usedo without  q u a l i f i c a t i o n ,  
d i r e c t l y  for  t h e  f u t u r e  des ign  of the 50 MWe p lan t .  
The disadvantages are t h a t  it is  expensive,  it i s  
time consuming, and r e s u l t s  are only as good a s  t h e  
r e p r e s e n t a t i v e  number of w e l l s  used f o r  t h e  test .  

RECOMMENDED PROCEDURE 

A l t e r n a t i v e s  (b) and (c) a r e  recommended. I f  t h e  f l u i d s  a r e  

found t o  be incompatible  a t  a l a te r  d a t e  dur ing  the ope ra t ion  of 

t h e  power p l a n t ,  t h e  r e s u l t i n g  consequences may f o r c e  seve re  

a l t e r a t i o n s  i n  equipment and operation, cost ing m i l l i o n s  of 

do l la rs  and poss ib ly  abandoning the power p l an t .  T h i s  r i s k  w i l l  

have t o  be minimized, and, hence, the very  moderate expense and 

time involved i n  g a t h e r i n g  t h e  informat ion  f o r  t h e  s tudy  of 

c o m p a t i b i l i t y  of f l u i d  is completely j u s t i f i e d .  T h i s  t e s t  w i l l  

be performed together w i t h  Tes ts  No. 13 and N o  14 .  
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PRIORITY: A l l  

T e s t  No. 11  

GROUND SUBSIDENCE 

RISK AREA: 10 and 26 

OBJECTIVES 

For t h e  area of GLEF reservoir, t o  monitor f o r  
ground subsidence t h a t  may r e s u l t  from product ion 
and i n j e c t i o n  of t h e  b r i n e  

0 To p r e d i c t  t h e  e f f e c t  of b r i n e  product ion and 
i n j e c t i o n  f o r  t h e  proposed power p l a n t  

SIGNIFICANCE 

Subsidence produces undes i rab le  environmental and economic 

consequences. Addi t iona l  expenses w i l l  be incu r red  t o  minimize 

subsidence. Since subsidence w i l l  not  be permi t ted  i n  t h e  

Imper ia l  V a l l e y ,  i n j e c t i o n  f l o w  may have t o  balance production 

f l o w ,  which w i l l  r e q u i r e  t h e  purchase and t r ansmiss ion  of makeup 

water from an e x t e r n a l  source. Addi t iona l ly ,  treatment of such 

water may be c o s t l y ,  depending on i ts  chemical composition. 

ALTERNATIVE PROCEDURES 

(a)  Based on t h e  work done t o  d a t e  a t  GLEF, o t h e r  
S a l t o n  Sea KGRA data o u t s i d e  GLEF, and reported 
Occurrences of subsidence a t  known geothermal 
f i e l d s ,  predict  t h e  p r o b a b i l i t y  of subsidence i n  
t h e  Sa l ton  Sea KGRA w i t h  t h e  a id  of computer 
model i n  g. The advantages are t h a t  it i s  
inexpensive,  less t i m e  consuming, and f l e x i b l e .  
The disadvantages are t h a t  the results t h u s  
obta ined  are only approximate and it does n o t  
s i g n i f i c a n t l y  c o n t r i b u t e  t o  t h e  p r e d i c t i o n  of  
occurrence of subsidence. 

(b) Accumulate data on geo log ica l  s t r u c t u r e  of t h e  
s u b s t r a t a  encompassing t h e  production and i n j e c t i o n  
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w e l l s ,  by way of core  samples, seismic tests,  etc. 
B u i l d  a computer model and s imula t e  product ion w i t h  
100 pe rcen t  i n j e c t i o n  and less than  100 pe rcen t  
i n j e c t i o n ,  r e s p e c t i v e l y .  The advantages are tha t  
it i s  f l e x i b l e  and should y i e l d  reasonably 
accep tab le  r e s u l t s .  The d isadvantages  a r e  t h a t  it 
i s  expensive and time consuming. 

RECOMMENDED 

A l t e r n a t i v e  

con jec t ion  

PROCEDURE 

(b) is  recommended. This  test w i l l  be done i n  

With Test  No. 14, Reservoir  Performance. An Imper ia l  

Valley Subsidence Detec t ion  N e t w o r k  i s  a l r e a d y  i n  e x i s t e n c e  under 

t h e  supe rv i s ion  of C a l i f o r n i a  Div i s ion  of O i l  and G a s ,  and a 

program has  been s e t  up e s t a b l i s h i n g  a local subsidence d e t e c t i o n  

network i n  t h e  v i c i n i t y  of t h e  G L E F .  T h i s  w o r k  under t h e  

Department of Energy, I n d u s t r i a l  Support Program, should 

continue. T h i s  w i l l  ensu re  t h a t  a complete case h i s t o r y  i s  

a v a i l a b l e  t o  es tabl ish the  degree of subsidence due t o  geothermal 

a c t i v i t i e s  a s  opposed t o  n a t u r a l  subsidence.  I n  add i t ion ,  t h e  

Lawrence Berkeley Laboratory has a Geothermal Subsidence Research 

Program t o  understand and c o n t r o l  subsidence assoca ted  w i t h  

geothermal energy development . Reports from t h i s  program should 

be reviewed, e s p e c i a l l y  f o r  g u i d e l i n e s  r ega rd ing  t h e  s i t i n g  of 

f u t u r e  production, i n j e c t i o n ,  and observa t ion  wells and their 

operat ion.  The c o s t  and t i m e  f o r  t h i s  t e s t  w i l l  be moderate. 
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PRIORITY: A12 

T e s t  No. 12 

TWO-PHASE FLOW AND PLANT STABILITY 

RISK AREA: 13 

OB JECTI  VES 

To determine t h e  e f f e c t  of two-phase f low on p l a n t  
s t a b i l i t y ,  p ressure  drop, d a t a  observa t ions ,  and 
o p e r a t i o n a l  c o n t r o l  

0 To so lve  problems a s s o c i a t e d  w i t h  i n s t a b i l i t y  

S I G N I F I C A N C E  

Two-phase flow can have a profound e f f e c t  on p l a n t  s t a b i l i t y  and 

control. Unstable performance, producing sha rp  su rges  i n  t h e  

p re s su re  and f l o w  r a t e  of steam from the f l a s h  v e s s e l s ,  may 

shor ten  the  l i f e  of t h e  tu rb ine .  I n  t h e  absence of re l iable  

des ign  da ta  f o r  two-phase flow, it may be necessary t o  use 

wellhead s e p a r a t o r s  and s e p a r a t e  piping f o r  steam and br ine.  

T h i s  arrangement w i l l  d e f i n i t e l y  i n c r e a s e  t h e  c a p i t a l  cost 

considerably.  

ALTERNATIVE PROCEDURES 

(a) Re ly  on publ ished experimental  r e s u l t s  and t h e i r  
c o r r e l a t i o n  with t h e o r e t i c a l  works f o r  des ign  of a 
b r i n e  system. The advantages are t h a t  it i s  t h e  
l e a s t  expensive,  reasonably quick, and no f u r t h e r  
work is  needed a t  GLEF. The d isadvantages  a r e  t h a t  
it is n o t  a p p l i c a b l e  d i r e c t l y  f o r  t h e  S a l t o n  Sea 
KGRA b r ine ,  t h e  experimental  e f f o r t s  are f o r  a 
p a r t i c u l a r  conf igu ra t ion  of p ip ing ,  n o t  enough data 
e x i s t  f o r  p r e d i c t i n g  p l a n t  o p e r a t i o n a l  s t a b i l i t y ,  
c o n t r o l  system response,  e*. I and i n s u f f i c i e n t  
d a t a  e x i s t  i n  t h e  a r e a  of f l u c t u a t i n g  production 
w e l l  flow. 
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(b) Conduct a series of tes ts  i n  t h e  l abora to ry  on a 
bench scale conf igu ra t ion  w i t h  two-phase flow. 
A l s o  s imula te  t he  f l u c t u a t i o n s  i n  t h e  flow. T h e  
advantages a r e  t h a t  it is n o t  c o s t l y ,  t h e  t es t  c a n  
be done elsewhere wi thout  i n t e r f e r r r i n g  w i t h  t h e  
normal ope ra t ion  of t h e  GLEF, it is  reasonably 
quick s i n c e  it is  no t  dependent on t h e  modi f ica t ion  
of the  G L E F ,  and the  r e s u l t s  ob ta ined  should have a 
reasonably good accuracy, The disadvantages are 
t h a t  t h e  work w i l l  no t  be f o r  S a l t o n  Sea KGRA 
b r ine ,  some accuracy may be l o s t  while applying 
these r e s u l t s  t o  t h e  f u l l  s c a l e  p l a n t ,  random f l u c -  
t u a t i o n s  of the product ion w e l l  flow cannot be 
dup l i ca t ed  i n  t h e  l a b o r a t o r y ,  and the i n t e r a c t i n g  
e f f e c t s  of va r ious  systems such a s  t h e  t u r b i n e  
genera tor ,  b r i n e  system, steam system, cool ing  
water system, etc., cannot be reproduced 
r e a l i s t i c a l l y  i n  t h e  labora tory .  

E s t a b l i s h  a computer model of the  pro jec ted  50 Me 
power p l a n t  and s tudy  t h e  e f f e c t  of f l u c t u a t i n g  
b r i n e  flow from w e l l s  on va r ious  systems such a s  
tu rb ine-genera tor ,  b r i n e  system, steam sys t emo  and 
cool ing  w a t e r  system. The advantages are that it 
i s  f l e x i b l e  , without  i n s t a l l i n g  a turb ine-genera tor  
i t s  theoret ical  response can  be studied, and work  
can be done without  i n t e r f e r i n g  w i t h  t he  GLEF 
tests. The d isadvantages  a r e  t h a t  it i s  pure ly  
a n a l y t i c a l ,  the conclusions w i l l  have t o  be 
s u b s t a n t i a t e d  by t e s t  work, and it i s  t i m e  
consuming. 

(d) For t w o  w e l l  flows, conduct two-phase f low tes ts  by 
measuring p res su re ,  temperature ,  flow, and 
dissolved so l ids  a t  w e l l  head, f i r s t  s tage ,  and 
second s t age .  E s t a b l i s h  a c r i t e r i o n  f o r  p re s su re  
d rops  through the  system. Study t h e  f l u c t u a t i o n  i n  
p re s su re  a s  the b r i n e  flows from well head t o  t h e  
p l a n t  and through t h e  p l an t .  Flow and v e l o c i t y  
measurements w i l l  e s t a b l i s h  the e f fec t  of b r i n e  
q u a l i t y  on p res su re  drop and ins t rument  response. 
Tests should be conducted on the e f f i c i e n c y  o f  
surge suppres so r s  of v a r i o u s  des igns  and d i f f e r e n t  
c o n t r o l  systems i n  damping l i n e  o s c i l l a t i o n s .  The 
response of t h e  p l a n t  t o  t h e  c o n t r o l  system should 
be noted dur ing  pe r iods  of  s teady  b r i n e  flow and 
dur ing  o s c i l l a t i o n s  i n  the feed l i n e .  The 
advantages are t h a t  t h e  r e s u l t s  obtained a r e  
r e a l i s t i c  and d i r e c t l y  a p p l i c a b l e  t o  t h e  50 M W e  
(ne t )  power p l a n t  des ign  and the requi red  des ign  

c r i t e r i a  f o r  two-phase f l o w  and su rge  suppres so r s  
can be e a s i l y  developed. The disadvantages are  
t h a t  it is  expensive and t i m e  consuming. 
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e) Flow tes t  a spare w e l l  w i t h  w e l l  head separa tor .  
Test f o r  s t a b i l i t y  of t h e  s e p a r a t e d  f l u i d s  by 
measuring flow and pressure  a t  the exits of t h e  
separa tor .  The advantages are t h a t  it is n o t  
expensive and it can be run  without  i n t e r f e r i n g  
w i t h  GLEF tests. The disadvantages a r e  t h a t  t h e  
b r i n e  f l o w  through the  p l a n t  cannot  be s t u d i e d  and 
c o n t r o l  system behavior due t o  t h e  effects of t w o -  
phase f l o w  i n  the  p l a n t  cannot  be studied. 

RECOMMENDED PROCEDURE 

A l t e r n a t i v e s  (d) and (e) a r e  recommended. The moderate t i m e  and 

expense involved w i t h  these a l t e r n a t i v e s  a r e  j u s t i f i e d  because no 

I I 
! 
i 
I 
1 
1 
I 
i 
i 

adequate guide f o r  designing fo r  two-phase f low exis ts ,  l i t t l e  i s  

known about  t h e  effect  of f l u c t u a t i n g  b r i n e  flow on c o n t r o l  

s y s t e m  and t u r b i n e  genera tor  performance, the acceptab le  l e v e l  

of f l u c t u a t i o n  of t h e  b r i n e  flow f o r  a power p l a n t  i s  n o t  known 

and c r i t e r i a  f o r  d e f i n i n g  optimum conf igu ra t ion  of two-phase 

b r i n e  flow p ip ing  and pipe suppor t s  are n o t  known; design 

information f o r  surge  suppressors  is not  w e l l  defined. 
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PRIORITY: B1 

T e s t  No, 13 

NONCONDENS IBLE GASES 

R I S K  AREA: 3 and 15 

OBJECTIVE 

0 To determine the q u a n t i t y  of noncondensible gases  
contained i n  t h e  b r i n e  

To analyze t h e  gas  f o r  i t s  components 

0 T o  determine t h e  level of hydrogen s u l f i d e  i n  t h e  
ambient a i r  

S IGNIFICANCE 

A high con ten t  of noncondensible gases  has  a de t r imen ta l  e f f e c t  

on t u r b i n e  e f f i c i e n c y .  Design f a c t o r s ,  associated w i t h  p l a n t  

des ign  t o  allow for t h e  noncondensible gases ,  w i l l  a f fect  cap i ta l  

cos t s .  I n  add i t ion ,  t h e  hydrogen s u l f i d e  c o n t e n t  of t h e  gases  

vented from t h e  power p l a n t  i s  a n t i c i p a t e d  t o  be environmentally 

objec t ionable .  Hydrogen s u l f i d e  abatement equipment s e l e c t i o n  

w i l l  i n f l u e n c e  p l a n t  c a p i t a l  c o s t  and operat ion.  

ALTERNATIVE PROCEDURES 

(a) Re ly  on t h e  e x i s t i n g  l i t e r a t u r e  and d a t a  obta ined  
t o  d a t e  from GLEF experiments. Assume a r e a l i s t i c  
change i n  t h e  amount of noncondensible g a s  i n  b r i n e  
such t h a t  a reasonable  margin of safety can be 
allowed fo r  design purposes. The advantages a r e  
t h a t  it i s  the  leas t  expensive a l t e r n a t i v e  and t h e  
l e a s t  t i m e  consuming, The d isadvantages  are tha t  
it i s  on ly  approximate, it cannot be app l i ed  t o  t h e  
whole reservoir, and t h e  long-term p red ic t ion  of 
hydrogen su l f ide  concen t r a t ion  i n  t h e  ambient a i r  
is  unre l i ab le .  
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(b) Continue scheduled G L E F  tests b y  measuring t h e  f low 
r a t e  of noncondensible gases  as a pe rcen t  of t h e  
t o t a l  product ion flow. Analyze t h e  samples of t h e  
gases  f o r  major c o n s t i t u e n t s  and f o r  hydrogen 
s u l f i d e  i n  p a r t i c u l a r .  Take  measurements of 
hydrogen s u l f i d e  i n  t h e  ambient a i r  so t h a t  p l a n t  
emission and ambient a i r  q u a l i t y  can be 
i n t e r r e l a t e d .  The advantages are t h a t  it is  n o t  
expensive,  long-term p r e d i c t i o n  f o r  p a r t  of t h e  
r e s e r v o i r  ad jacen t  t o  t h e  e x i s t i n g  w e l l s  i s  
r e l i a b l e ,  and t h e  t e s t  can  be c a r r i e d  o u t  
s imultaneously w i t h  o t h e r  c r i t i ca l  tests. The 
disadvantages a r e  t h a t  t h e  long-term p red ic t ion  for 
t h e  whole reservoir i s  n o t  r e l i a b l e ,  d a t a  so gained 
a r e  n o t  r e l i a b l e  f o r  des ign  of a 30-year p l an t ,  and 
ambient a i r  q u a l i t y  p r e d i c t i o n  i s  approximate. 

(c) D r i l l  a d d i t i o n a l  w e l l s  or test other e x i s t i n g  w e l l s  
i n  t h e  Sa l ton  Sea KGRA t o  determine t h e  
noncondensible gas  c o n t e n t  on a r e p r e s e n t a t i v e  
bas i s .  M a s u r e  t h e  gas  flow as a pe rcen t  of  t h e  
t o t a l  flow f o r  a l l  w e l l s ,  and analyze t h e  g a s  from 
each w e l l  f o r  i t s  cons i tuen t s .  Take measurements 
of hydrogen s u l f i d e  i n  the  ambient a i r  and r e l a t e  
to emission from t h e  w e l l s .  The advantages a r e  
t h a t  it w i l l  y i e l d  more a c c u r a t e  and re l iab le  
r e s u l t s  f o r  t h e  design of a 30-year p l a n t  because 
t h e  noncondensible gas  c o n t e n t  i n  t h e  r e s e r v o i r  i s  
checked on a r e p r e s e n t a t i v e  basis and ambient a i r  
q u a l i t y  p r e d i c t i o n  is more accurate .  The  
disadvantages a r e  tha t  it i s  expensive,  time 
consuming, and long-term p r e d i c t i o n  may not  be 
accura te .  

RECOMMENDED PROCEDURE 

A l t e r n a t i v e  (c) i s  recommended. The only re l iable  method of 

o b t a i n i n g  t h e  needed des ign  informat ion  i s  t o  o p e r a t e  t h e  

requi red  number of wells f o r  a 30-year pe r iod ,  which of course  

cannot be done. Hence, i t  i s  recommended t h a t  a mul t i tude  of 

wells be tested f o r  t h e  noncondensible g a s  c o n t e n t  i n  t h e  

r e s e r v o i r .  Without such r e p r e s e n t a t i v e  design d a t a ,  t h e r e  w i l l  

always be the r i s k  of reduced steam t u r b i n e  e f f i c i e n c y  and 

inc reased  a u x i l i a r y  power demand f o r  handling h igher  than design 

noncondensible g a s  content.  A r e p r e s e n t a t i v e  a n a l y s i s  w i l l  
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reduce t h i s  r i s k  s i g n i f i c a n t l y ,  but  r i s k  of  high noncondensible 

gas conten t  i n  some p a r t  of t he  r e s e r v o i r  w i l l  always be p resen t ,  

and this r i s k  cannot  be t o t a l l y  e l imina ted  without  a complete 

r e s e r v o i r  survey. It i s  a n t i c i p a t e d  t h a t  a d d i t i o n a l  w e l l s ,  

perhaps s i x ,  o r  e x i s t i n g  w e l l s  i n  the  S a l t o n  Sea KGRA, w h i l e  

t ak ing  cons ide rab le  amount of  t i m e  and money, w i l l  y i e l d  enough 

da ta  t o  reduce t h e  r i s k  t o  a reasonable  level  f o r  design and 

ope ra t ion  of a 30-year plant. 

It i s  e s s e n t i a l  t o  have a case h i s t o r y  of the a i r  q u a l i t y  i n  t h e  

v i c i n i t y  of the  t e s t  f a c i l i t y .  I n  p a r t i c u l a r ,  t h e  d a t a  should 

record  any problems a r i s i n g  from t h e  development of t h e  

geothermal energy resource.  An ongoing t e s t  program should be 

i n s t i g a t e d  t o  monitor c o n t i n u a l l y  t h e  area surrounding t h e  t e s t  

f a c i l i t y ,  both when the  p l a n t  i s  i n  ope ra t ion  and when it i s  s h u t  

down. T h i s  program should be coord ina ted  w i t h  t h e  survey of s o i l  

and vege ta t ion ,  done by Environmental Monitoring and Support 

Laboratory of EPA, i n  t h e  a r e a  surrounding t h e  t e s t  f a c i l i t y  with 

a review of the e f f e c t s  on p a r t i c u l a r  crops of noncondensible 

gases ,  p a r t i c u l a r l y  hydrogen su l f ide .  I n  add i t ion ,  a i r  

monitoring s t a t i o n s  should be i n s t a l l e d  f o r  cont inuous a i r  

monitoring. These should be integrated w i t h  any local ongoing 

a i r  q u a l i t y  t e s t  program, A l s o ,  a computer model t o  simulate t h e  

hydrogen s u l f i d e  emission a t  t h e  p l a n t  and i t s  e f f e c t  on ambient 

a i r  q u a l i t y  under vary ing  c o n d i t i o n s  should be developed. The 

computer work should be c o r r e l a t e d  w i t h  a c t u a l  measurements of 

hydrogen su l f ide .  Use t h i s  as a basis f o r  t h e  p r e d i c t i n g  ambient 

a i r  q u a l i t y  for p r o j e c t e d  commercial power plant .  This  t e s t  w i l l  
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be conducted wi th  T e s t  No. 10. The cost for this tes t  will be 

moderate to expensive. 
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PRIORITY: B2 

T e s t  No. 14 

RESERWIR PERFORMANCE 

OEJECTIVE 

0 To o b t a i n  r e s e r v o i r  d a t a  which w i l l  g ive  a n  
adequate level of confidence tha t  a s u f f i c i e n t  
amount of hot geothermal b r i n e  w i l l  be produced t o  
s u s t a i n  t h e  ope ra t ion  of the pro jec ted  commercial 
power p l a n t  over a 30-year l i f e  

SIGNIFICANCE 

Geothermal r e s e r v o i r s  are found i n  complex geo log ica l  s e t t i n g s  

and well p r o d u c t i v i t y  i s  r e l a t e d  t o  complicated f a u l t s  and 

f r a c t u r e  geometry. F a i l u r e  of t h e  w e l l  f i e l d  t o  supply and 

receive the geothermal b r i n e  throughout t h e  l i f e  of  t h e  p l a n t  and 

a t  a l e v e l  t o  s u s t a i n  normal power ou tpu t  would involve  

cons iderable  expense with a d d i t i o n a l  w e l l  d r i l l i n g  i n  an extended 

area.  

ALTERNATIVE PROCEDURES 

N o  a l t e r n a t i v e  procedures a r e  recommended. 

RECOMMENDED PROCEDURE 

The recommended procedure i s  t o  cont inue  t o  expand t h e  

information on the  r e s e r v o i r ,  p a r t i c u l a r l y  i n  t h e  a r e a  

surrounding t h e  GLEF s i te .  Cons idera t ion  should be given t o  

u t i l i z i n g  an  i n t e g r a t e d  numerical  s imula tor  of t h e  reservoir and 
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wellbores ,  which would be c o n t i n u a l l y  updated as new data are 

ob ta ined  from t h e  development of t h e  reservoir. S p e c i f i c  tes ts  

used t o  expand information on t h e  w e l l  f i e l d  would be a s  fol lows:  

Using e x i s t i n g  h e a t  d e p l e t i o n  va lues  (gravametr ic  
and thermal  g r a d i e n t s ) ,  assess t h e  p o t e n t i a l  y i e l d  
of t h e  a rea .  

Ext rapola te  cond i t ions  over  t h e  proposed 30-year 
l i f e  of t h e  p l a n t  using a d e c l i n i n g  temperature  
curve ana lys i s .  

Only t h e  permeabi l i ty  i n  the v i c i n i t y  of e x i s t i n g  
w e l l s  i s  known. This  information should be 
expanded t o  o b t a i n  d a t a  on the  r e l a t i o n s h i p  between 
production and i n j e c t i o n  wells and t h e  n a t u r a l  
recharge  of t h e  r e s e r v o i r .  T h i s  t e s t  could u t i l i z e  
r a d i o a c t i v e  traces t o  o b t a i n  these characteristics. 
Core samples should be made of a l l  new wells. 

Improve measurement techniques for  wellhead and 
downhole cond i t ions  of p re s su re ,  temperature,  flow, 
and b r i n e  chemistry- 

Consider t h e  d r i l l i n g  of l o w  cost t e s t  holes, 
p a r t i c u l a r l y  i n  areas where information i s  sparce.  

Simulate t h e  computer m o d e l  of the  r e s e r v o i r  t o  
s tudy  t h e  e f f e c t  of va r ious  methods of product ion 
and i n j e c t i o n .  

Gather d a t a  from o t h e r  companies about e x i s t i n g  
w e l l s  i n  S a l t o n  Sea KGRA. 

T h i s  t e s t  should be c a r r i e d  out  independent ly  of t he  G L E F  tes t .  

The t e s t  should cont inue  t o  run  dur ing  design s t a g e s  of  t h e  

p r o j e c t e d  commercial power p l a n t ,  i.e. # beyond the end of 1978 

GLEF t e s t  schedule,  t o  update t h e  r e s e r v o i r  data. The t es t  i s  

moderate t o  expensive and t i m e  consuming, and p red ic t ed  energy 

product ion c o s t  w i l l  be more re l iab le  and accurate i f  it is based 

on e s t a b l i s h e d  r e s e r v o i r  performance. Th i s  tes t  w i l l  be 

performed w i t h  T e s t s  No. 10 and No. 13. 
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PRIORITY: B3 

T e s t  No. 15 

STEAM CLEANING 

R I S K  AREA: 14 

OBJECTIVE 

0 To e v a l u a t e  t h e  performance of scrubbers and m i s t  
e l i m i n a t o r s  i n  c l ean ing  steam flashed from S a l t o n  
Sea b r i n e  us ing  t h e  range of opera t ing  condi t ions  
a n t i c i p a t e d  for  a projected commercial power p l a n t  

SIGNIFICANCE 

T h i s  t e s t  w i l l  permit  t h e  s e l e c t i o n  of a de-entrainment device,  

which w i l l  deliver t h e  r equ i r ed  steam p u r i t y  a t  t he  m i n i m u m  

pressure  drop and t h e  lowest consumption of wash water. 

ALTERNATIVE PROCEDURES 

(a) Use t h e  e x i s t i n g  G L E F  data f o r  scrubber  
performance, and compare t h i s  w i t h  widely used mist 
e l imina to r  performance as published by t h e  
indus t ry .  The advantage of t h i s  procedure is t h a t  
no a d d i t i o n a l  t e s t i n g  w i l l  be performed, hence no 
a d d i t i o n a l  cost. Ex i s t ing  d a t a  are presumed t o  be 
s u f f i c i e n t  for  the s e l e c t i o n  of a steam c l ean ing  
device ,  (i.e. , e i ther  scrubber  or m i s t  e l imina to r )  . 
The major d isadvantages  are tha t  no conclus ive  data 
fo r  scrubbers ,  over a wide range of ope ra t ing  
cond i t ions ,  w i t h  two-stage f l a s h i n g ,  are a v a i l a b l e  
for comparison, and no experimental  d a t a  w i t h  b r i n e  
from Sa l ton  Sea KGRA e x i s t  f o r  t h e  m i s t  e l imina tor .  

(b) Continue t o  conduct tes ts  w i t h  the modified 
two-stage GLEF on scrubbers t o  es tab l i sh  t h e  
performance a s  a func t ion  of the p u r i t y  a t  t h e  
i n l e t ,  vapor velocity, and w a s h  water f l o w ,  so t h a t  
a whole s e t  of conclus ive  r e s u l t s  can be obta ined  
for comparison w i t h  r e a d i l y  a v a i l a b l e  d a t a  on t h e  
performance of m i s t  e l imina to r s .  The main 
advantage i s  t h a t  t h i s  procedure does n o t  involve  
a d d i t i o n a l  cap i ta l  cost but  only a d d i t i o n a l  tests 
on the  e x i s t i n g  equipment, probably with some 
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modif icat ions.  The disadvantage i s  t h a t  t h e  
comparison w i l l  n o t  be on t h e  same basis, s i n c e  t h e  
a v a i l a b l e  m i s t  e l i m i n a t o r  performance i s  n o t  f o r  ~ -~ 

c lean ing  steam f l a s h e d  & o m  b r i n e  of S a l t o n  Sea 
KGRA. 

(c) I n s t a l l  cyclone s e p a r a t o r s  a f t e r  t h e  f l a s h  vesse l .  
The advantages a r e  t h a t  it i s  cheap t o  ope ra t e ,  it 
is  r e l i a b l e ,  en tha lpy  of the  steam i s  n o t  reduced, 
and it i s  e f f i c i e n t  f o r  removing r e l a t i v e l y  l a r g e  
s i z e  p a r t i c u l a t e  matter and water  d r o p l e t s -  The 
d isadvantages  a r e  t h a t  t h e r e  is  a cons ide rab le  
amount of p re s su re  drop, p re s su re  drop w i l l  
i n c r e a s e  a s  t h e  e f f i c i e n c y  i n c r e a s e s ,  small s i z e  
car ryover  p a r t i c l e s  t h a t  w i l l  c o n t r i b u t e  t o  s c a l i n g  
and stress co r ros ion  c racking  i n  the  t u r b i n e  cannot 
be removed e f f e c t i v e l y ,  and it w i l l  be a n  
a d d i t i o n a l  i t e m  of equipment i n  the  power p l an t .  

(d) Design and b u i l d  four  f l a s h  v e s s e l s ,  t w o  w i t h  mist 
e l i m i n a t o r s  i n  one b r i n e  t r a i n  and t w o  o t h e r s  w i t h  
Hutchinson scrubbers  i n  t h e  o t h e r  b r i n e  t r a i n .  
T e s t  t h e  performance of bo th  types  a s  a func t ion  of 
i n l e t  vapor p u r i t y ,  vapor v e l o c i t y ,  and wash water 
flow- The advantage i s  tha t  real is t ic  performances 
over  a wide range of o p e r a t i n g  cond i t ions  w i l l  be 
a v a i l a b l e  f o r  comparison and s e l e c t i o n  wi thout  
having t o  r e l y  on e x t r a p o l a t e d  t e s t  r e s u l t s  and 
publ ished performance. The disadvantage i s  t h a t  it 
i s  expensive and time consuming. 

RECOMMENDED PROCEDURE 

A l t e r n a t i v e  (d) i s  recommended. The recommended tests a r e  

expensive. They are j u s t i f i e d  because of the  importance of 

having c l e a n  steam under a l l  t y p e s  of opera t ing  cond i t ions  f o r  

the  steam turb ine .  steam 

t u r b i n e s  i n  a contaminated s t e a m  environment. The l a r g e  u t i l i t y  

t u r b i n e  g e n e r a t o r s  of today a r e  o p e r a t i n g  under almost p e r f e c t  

steam cond i t ions  w i t h  low sodium and c h l o r i d e  l i m i t s .  It is 

a n t i c i p a t e d  t h a t  c a r e f u l  des ign  of steam c lean ing  devices  w i l l  

reduce t h e  contaminants in t h e  t u r b i n e  i n l e t  steam t o  tha t  

approaching p resen t  day u t i l i t y  l e v e l s .  

Lit t le is known about t h e  o p e r a t i o n  of 
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8 . 2  OTHER RECOMMENDED ACTIVITIES 

There a r e  a number of r i s k  items t h a t  need t o  be examined 

a n a l y t i c a l l y  t h a t  do n o t  i nvo lve  work  a t  t h e  GLEF site. I n  some 

i n s t a n c e s  such work  would be r equ i r ed  t o  back up the t e s t  work 

t h a t  w i l l  be c a r r i e d  o u t  a t  t h e  GLEF s i te ,  and i n  other i n s t a n c e s  

t h e  s tudy  w i l l  be independent a n a l y t i c a l  work  w i t h  a v i e w  toward 

improving t h e  des ign  and o p e r a t i o n  of t h e  p r o j e c t e d  commercial 

power p l a n t  and minimizing a s p e c i f i c  r i s k  element. These items 

a r e  c l a s s i f i e d  a s  a c t i v i t i e s ,  and a separate se t  of p r i o r i t i e s  

has  been assigned t o  them. A c t i v i t y  format is  similar t o  t h a t  of 

t h e  t e s t  format, except  t h a t  there are no a l t e r n a t i v e  procedures. 

The c o s t  of each of t h e s e  a c t i v i t i e s  will be very moderate. 

Table 8-3 l ists  t h e  recommended activit ies i n  order of p r i o r i t y  

and, where app l i cab le ,  i n d i c a t e s  the  corresponding r i s k  area from 

Sec t ion  7. 
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TABLE 8-3 

Energy Cost 

Disposal of Solid and Liquid Waste 
Water Availability 

Design Parameters f o r  Flash Vessel 
Condenser and Vacuum System 

RECOMMENDED ACTIVITIES 

- - 1 

2 24 1 6  

3 2 5  1 9  

4 2 6  14 
5 19 15 



A c t i v i t y  No. 1 

ENERGY COST 

RISK AREA: NONE PRIORITY:  1 

OBJECTIVES 

e To update  t h e  energy cost  i n  the l i g h t  of results 
of t h e  t e s t s  o u t l i n e d  h e r e i n  and f u r t h e r  s tudy  of 
component costs, and t o  compare the results with 
energy costs from convent iona l  sou rces  

0 To e s t i m a t e  t h e  energy costs f o r  o t h e r  processes  
t h a t  may have better performance than  t h e  f l a s h e d  
steam process  

SIGNIFICANCE 

T h i s  s t u d y  w i l l  r e f i n e  t h e  i n i t i a l  p r e d i c t i o n  of t h e  energy costs 

f o r  a 50 M W e  p l a n t  a t  t h e  Sa l ton  Sea KGRA, using t h e  flashed 

steam process. Other high-perf ormance processes  should be 

inves t iga t ed .  

RECOMMENDED PROCEDURE 

Design parameters of t he  conceptual  power p l a n t  should be updated 

t o  r e f l e c t  d a t a  from the tests and s t u d i e s  of  t h i s  t es t  program. 

The economic impact of such changes should be evaluated. 

Competitive sou rces  f o r  t h e  p l a n t  components should be explored,  

and the r e s u l t i n g  v a r i a t i o n s  i n  energy costs should be 

ca l cu la t ed .  C a p i t a l  cost and energy c o s t  e s t i m a t e s  should be 

made for  o t h e r  processes  t h a t  may be found t o  have improved 

performance over t h e  f l a s h e d  steam process- 
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PRIORILTY: 2 

A c t i v i t y  N o .  2 

D I S P O S A L  OF S O L I D  AND L I Q U I D  WASTE 

R I S K  AREA: 16 

0 87 ECT IVES 

To i n v e s t i g a t e  d i s p o s a l  and, p re fe rab ly ,  s a l e  of  

To e v a l u a t e  a l t e r n a t i v e  methods for  d i s p o s a l  of 

s o l i d  wastes  generated by the  p l a n t  

cool ing  tower blowdown 

S I G N I F I C A N C E  

Disposal of s o l i d  and l i q u i d  wastes p re sen t  environmental r i s k s  

t h a t  may have a s t r o n g  impact on c a p i t a l  and opera t ing  cos t s .  

RECOMMENDED PROCEDURE 

The l o g i s t i c s  and economics of a l t e r n a t i v e  methods f o r  d i s p o s a l  

of s o l i d  and l i q u i d  wastes  should be inves t iga t ed .  The s o l i d  

waste would r e s u l t  p r imar i ly  from s e t t l i n g  pond o r  c l a r i f i e r  

sludge, s c a l e  removal, and t h e  S t r e t f o r d  process. Liquid waste 

would p r imar i ly  c o n s i s t  of purge from the Stretford process  and 

blowdown from t h e  coo l ing  t o w e r .  The m a r k e t a b i l i t y  and cash 

r e t u r n s  from s a l e  of some or a l l  of t h e  c o n s t i t u e n t s  of the  sol id  

wastes should be determined. 

The t e c h n i c a l  a s p e c t s  and re la t ive costs of a l t e r n a t i v e s  f o r  

d i spos ing  of cool ing  tower blowdown should  be s tudied.  Among t h e  

p o s s i b i l i t i e s  are u s e  of steam condensate i n  t h e  cool ing  system, 

r e s u l t i n g  i n  only a sma l l  amount of cool ing  system blowdown. 
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This  approach w i l l  no t  be appropriate i f  the i n j e c t i o n  f l o w  ra te  

must be equal  t o  t h e  production f l o w  r a t e  so t h a t  ground 

subsidence can be prevented. Also, t h e  use  of i r r i g a t i o n  

dra inage  or r i v e r  water a s  cool ing  system makeup should be 

s tud ied .  T h i s  would r e s u l t  i n  s u b s t a n t i a l  blowdown t h a t  may be 

i n j ec t ed .  I n  this case, t h e  blowdown w i l l  probably need t o  be 

treated before i n j e c t i o n  and this w i l l  be expensive. As an 

a l t e r n a t i v e ,  cool ing  tower blowdown could be discharged t o  the 

Sa l ton  Sea o r  t o  evapora t ion  ponds located adjacent  t o  t h e  

proposed power p lan t .  
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PRIORITY: 3 

A c t i v i t y  No. 3 

WATER AVAILABILITY 

R I S K  AREA: 19 

OB JECTI  VE 

T o  e s t a b l i s h  a r e a l i a b l e  source of water fo r  power 
p l a n t  requirements  

SIGNIFICANCE 

Cap i t a l  and o p e r a t i n g  costs w i l l  be s i g n i f i c a n t l y  affected. 

RECOMMENDED PROCEDURE 

The r e l a t i v e  e f f e c t s  of the fo l lowing  on t h e  p l a n t  c a p i t a l  and 

ope ra t ing  

0 

c o s t s  should be s tudied .  

Use of steam condensate for p l a n t  water 
requirements,  assuming that  it i s  accep tab le  t o  
i n j e c t  less than 100 percent of product ion flows. 

use of steam condensate fo r  p l a n t  water 
requirements  w h i l e  using i r r i g a t i o n  dra inage  
water ,  r iver  water,  or Sa l ton  Sea water as  
i n j e c t i o n  makeup, assuming 100 percent i n j e c t i o n  
i s  required.  Also, t h e  t r ea tmen t  required f o r  
o u t s i d e  water t o  make it compatible w i t h  
i n j e c t i o n  b r i n e  should be established. 

Use of i r r i g a t i o n  dra inage  water, r i v e r  water, o r  
Sa l ton  Sea w a t e r  f o r  p l a n t  water requirements,  
assuming 100 percent  i n j e c t i o n  is required and 
steam condensate i s  used for i n j e c t i o n .  A l s o ,  
t h e  t r ea tmen t  r equ i r ed  f o r  such a makeup water 
source  should be established. 
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PRIORITY: 4 
I 

OBJECTIVE 

A c t i v i t y  No. 4 

D E S I G N  PARAMETERS FOR FLASH VESSEL 

R I S K  AREA: 14 

e To e s t a b l i s h  a method f o r  ob ta in ing  c o n t r o l l e d  
f l a s h i n g  i n  a f l a s h  v e s s e l  and design parameters 
for such method 

SIGNIFICANCE 

A proper f l a s h  v e s s e l  design is  impor tan t  i n  producing a s teady ,  

continuous f l o w  of good q u a l i t y  steam f o r  the t u r b i n e ,  when 

f l a s h i n g  high temperature ,  high s a l i n i t y  Sa l ton  Sea brine.  

RECOMMENDED PROCEDURE 

The f l a s h  v e s s e l  des ign  should P,e s t u d i e d  on t h e  bases of b r i n e  

i n l e t  s t r u c t u r e ,  i t s  i n t e r n a l s ,  release a r e a ,  disengagement 

he ight ,  and turbulence.  A c r i t e r i o n  fo r  f l a sh  vessel design 

should be established and some scale model t e s t i n g  performed. 

I 
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PRIORITY: 5 

A c t i v i t y  No. 5 

CONDENSER AND VACUUM SYSTEM 

R I S K  AREA: 15 

OBJECTIVE 

0 To establish t h e  optimum combination of s u r f a c e  
a r e a  and tube  l ayou t  for  t h e  main condenser and t h e  
optimum vacuum system. 

SIGNIFICANCE 

Selection of proper equipment will r e s u l t  i n  e f f i c i e n t  power 

p l a n t  o p e r a t i o n  and r e a l i s t i c  e s t i m a t e s  of c a p i t a l  cos t .  

RECOMMENDED PROCEDURE 

The e f f e c t  t h a t  g a s  cool ing  s u r f a c e  area i n  t h e  condenser has  on 

t h e  r e q u i r e d  capac i ty  of the vacuum system should be s tudied .  

The advantages and disadvantages of steam ejectors and vacuum 

pumps should be eva lua ted  i n  terms of c a p i t a l  cost and ope ra t ing  

load. Both types, or a combination of the t w o ,  should be matched 

w i t h  t h e  surface condenser t o  a r r i v e  a t  a n  optimum system on t h e  

b a s i s  of minimum energy product ion cost. The effect  of non- 

condens ib le  gas on t h e  a r e a  required and tube l a y o u t  i n  t h e  

s u r f a c e  condenser should be s tud ied .  
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Appendix A 

COST ESTIMkTING METHODOLOGY 

A. 1 INTRODUCTION 

The conceptual’  des ign  of each sys t em w i l l  provide s u f f i c i e n t  

d e t a i l  f o r  es t imat ing:  

Total  c a p i t a l  c o s t  

Energy product ion c o s t  

The t o t a l  c a p i t a l  c o s t  is  made up of the power p l a n t  c a p i t a l  cost 

and t h e  w e l l  f i e l d  c a p i t a l  c o s t .  

Energy production c o s t s ,  estimated s e p a r a t e l y  f o r  t h e  power p l a n t  

and w e l l  f i e l d  and expressed i n  m i l l s  per kilowatt-hour,  a r e  

based on recover ing  t h e  fol lowing c o s t s  over t h e  commercial l i f e  

of t he  geothermal p o w e r  p l a n t  and f i e l d :  

A l l  i n v e s t e d  c a p i t a l  

A s a t i s f a c t o r y  r e t u r n  on inves t ed  capi ta l  

All expenses 

0 Income and ad valorem t a x e s  

The estimates w i l l  be a t  first q u a r t e r  1982 price and wage 

l e v e l s ;  commercial ope ra t ion  of t h e  p l a n t  i s  assumed t o  be 

a t t a i n e d  dur ing  t h e  first q u a r t e r  of 1982. All dollar  amounts 

g iven  i n  Appendix A are for first q u a r t e r  1978, except  where 

noted. 

A- 1 



Esca la t ion  i s  appl ied  t o  the  cons t ruc t ion  costs, which are  

estimated i n  first q u a r t e r  1978 d o l l a r s  on the fol lowing basis: 

0 For a l l  materials, i nc lud ing  r a w  materials and 
f i n i s h e d  goods, t he  r a t e  is  6 percent  per  annum 
through 1984 and 4- 1/2 percen t  t h e r e a f t e r .  

For a l l  c o n s t r u c t i o n  labor, inc luding  i n d i r e c t  
labor,  t h e  ra te  i s  8 percen t  per  annum through 1984 
and 6- 1/2 percent  t h e r e a f t e r .  

A. 2 CAPITAL COSTS - PCWER PLANT 

The power p l a n t  c a p i t a l  c o n s t r u c t i o n  cost  is made up of direct  

f i e l d  c o n s t r u c t i o n  costs, i n d i r e c t  f i e l d  costs, engineer ing  

services, contingency, e s c a l a t i o n ,  allowance f o r  funds dur ing  

cons t ruc t ion ,  and other ownergs costs. Table A-1 shows a n  

example of a power p l a n t  c a p i t a l  cost breakdown. 

A, 2.1 Direct F i e l d  Construct ion C o s t s  

The fol lowing cos t  e s t i m a t i n g  methods w i l l  be used t o  develop the  

d i r ec t  f i e l d  c o n s t r u c t i o n  costs: 

Equipment : 

0 C o s t  o f  mechanical equipment, a s  l i s t e d  i n  t h e  
e qui pme n t l ist  w i l l  be based on e i the r  
manufacturers '  estimates o r  estimated using c u r r e n t  
p r i c e s  from i n d u s t r i a l  sources. 

0 Research and development costs will n o t  be 
i nc 1 uded . 

0 Miscellaneous mechanical equipment w i l l  be 
es t imated  from i n d u s t r i a l  experience as a 
percentage of major mechanical equipment. 
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TABLE A-1 

CAPITAL COST ESTIMATE - POWER PLANT 
5 0  M W e  (NET) DUAL FLASH ENERGY CONVERSION 

SALTON SEA K G R A ,  NILAND, CALIFORNIA 

Mechanical Equipment 
Turbine Generator 
H2S Abatement System 
Tanks and Vessels 
Condenser and Vacuum Equipment 
Cooling Tower 
Pumps and Drives 
Other Mechanical 

Piping and Instrumentation 
Electrical 
Civillstructural - 

Yardwork and Miscellaneous 

Direct Field Cost 
Indirect Cost @ 65% of Direct Labor 

Total Field Cost 
Engineering Service @ 14% 

Total Field Plus Engineering Cost 

Total Construction Cost 

Contingency @ 20% 

First Quarter 1978 Dollars 
Escalation 

Owner's Cost @ 8% 

AFDC 

Construction Cos t  Plus Escalation 

Capital Cost Before AFDC 

Total Capital Cost 
First Quarter 1982 Dollars 

TOTAL 
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0 Cost of e lectr ical  equipment w i l l  be f a c t o r e d  based 
on i n d u s t r i a l  experience.  

S t r u c t u r e s  : 

0 Turbine and c o n t r o l  bu i ld ing  w i l l  be estimated on a 

0 Other  c i v i l / s t r u c t u r a l  costs w i l l  be estimated from 

cost  per square f o o t  basis. 

the p l o t  plan. 

--- Bulk Mater ia ls .  Quant i ty  estimates w i l l  be made f o r  t h e  

i d e n t i f i a b l e  bulk materials of concrete ,  s teel ,  piping,  etc. 

from drawings and equipment lists. These q u a n t i t i e s  w i l l  be 

pr iced using c u r r e n t  u n i t  p r i c e s  from i n d u s t r i a l  sources.  Other 

m a t e r i a l s  such a s  s m a l l  p ip ing  and ins t rumenta t ion  t h a t  would be 

d e l i n e a t e d  on f i n a l  engineer ing  drawings will be eva lua ted  from 

experience a s  a percentage of t h e  i d e n t i f i a b l e  bulk materials. 

Cons t ruc t ion  Labor C o s t s .  The direct  cons t ruc t ion  labor costs 

will be estimated us ing  a wage r a t e  of $17 p e r  hour. T h i s  r a t e  

inc ludes  an allowance of $2.00 per hour f o r  t ravel  and 

subs i s t ence  and f r i n g e  b e n e f i t s  ( F I C A I  F U I ,  and S U I  dues and 

workmen's compensation insurance)  It also inc ludes  an allowance 

of 5 percent  f o r  c a s u a l  overtime and 1 percent  f o r  c r a f t  

fu rn i shed  superv is ion .  

A.2.2 I n d i r e c t  F i e l d  C o s t s  

The i n d i r e c t  f i e l d  costs are those items of cons t ruc t ion  cost 

t h a t  cannot  be a sc r ibed  t o  any s p e c i f i c  cons t ruc t ion  ope ra t ion  

f o r  t h e  permanent f a c i l i t i e s  and are  thus accounted separa te ly .  
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The items covered by i n d i r e c t  f i e l d  costs  inc lude  the fol lowing:  

Temporary Construct ion Faci l i t ies :  temporary 
bui ld ings ,  working areas, roads,  parking a r e a s ,  and 
u t i l i t y  system and gene ra l  purpose scaffolding.  

Miscellaneous Construct ion Services : genera l  job  
cleanup,  maintenance of cons t ruc t ion  equipment and 
too ls ,  material handling, and surveying. 

Construct ion Equipment and Suppljes:  cons t ruc t ion  
equipment, small tools ,  consumable supp l i e s ,  and 
purchased u t i l i t i e s .  

F i e l d  O f f i c e :  labor f o r  c ra f t  superv is ion ,  f i e l d  
engineer ing,  procurement , scheduling, personnel  
adminis t ra t ion ,  warehousing, f i r s t  a i d ,  and the 
c o s t s  of the f i e l d  o f f i c e .  

Prel iminary Checkout and Acceptance -Testinq: l a b o r ,  
m a t e r i a l s ,  supp l i e s ,  and equipment t o  i n s u r e  t h a t  
components and systems are operable. 

Project  Insurance: pub l i c  l i a b i l i t y ,  p rope r ty  
damage, and builder0 s r i s k  insurances.  

Taxes and P e r m i t s :  s ta te  and local  t a x e s  and 
permits  . 

The i n d i r e c t  cos t s  w i l l  be computed a t  65 percent  of d i r e c t  

c o n s t r u c t i o n  l a b o r  costs 

A. 2.3 Enqineerinq services 

The engineer ing  services i n c l u d e  engineer ing  costs, and t h e  fee. 

Engineering inc ludas  pre l iminary  engineer ing,  op t imiza t ion  

s t u d i e s ,  s p e c i f i c a t i o n s ,  detai led engineer ing ,  rewiew of vendor 

drawings, site i n v e s t i g a t i o n ,  and support  t o  vendors. O t h e r  home 

o f f i c e  costs inc lude  procurement, e s t ima t ing  and schedul ing 

s e r v i c e s ,  q u a l i t y  assurance,  and p r o j e c t  management. The fee i s  

included a s  a func t ion  of t h e  t o t a l  p r o j e c t  cost. A f i g u r e  of 14  
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percen t  of t o t a l  f i e l d  cons t ruc t ion  costs w i l l  be used fo r  

engineer ing  services. Engineering services a r e  considered t o  be 

I 
100 percent  labor related. 

A, 2.4 Continqency 

Included i n  the estimate w i l l  be a contingency allowance f o r  t h e  

u n c e r t a i n t y  w i t h i n  t h e  conceptual  des ign  i n  the  quan t i ty ,  

p r i c ing ,  o r  p r o d u c t i v i t y  t h a t  i s  under t h e  c o n t r o l  of t h e  

c o n s t r u c t o r  and wi th in  t h e  scope of t h e  p r o j e c t  as defined. The 

contingency cannot be considered a s  a source of funds f o r  

a d d i t i o n s  t o  t h e  p r o j e c t  scope, It is  suggested that ,  fo r  t h e  

purpose of comparing t h e  several conceptual  designs i n  t h i s  

s tudyo a 20 percen t  contingency be app l i ed  t o  the s u b t o t a l  of 

f i e l d  c o n s t r u c t i o n  cos t  p l u s  engineer ing  services as shown i n  

Table A-1, It i s  assumed tha t  80 pe rcen t  of the contingency i s  

labor-related and 20 percent  materials-related. 

A . 2 . 5  Esca la t ion  , C o s t s  

The t o t a l  c o n s t r u c t i o n  per iod i s  assumed t o  be 40 months 

beginning September 1978, For computation of e s c a l a t i o n  costs, 

t he  c e n t e r  of g r a v i t y  of e s c a l a t i o n  i s  assumed t o  occur a t  

approximately t he  two- th i rds  completion po in t  of the cons t ruc t ion  

schedule, T h i s  i s  c a l c u l a t e d  t o  be 2-89 y e a r s  from t h e  beginning 

of 1978 or 1 - 1 1  years before the beginning of 1982. 
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A. 2.6 Other  Owner's Costs 

These inc lude  t h e  Owner's g e n e r a l  o f f i c e  and account ing costs, 

s t a r t u p  and o p e r a t o r  t r a i n i n g ,  O w n e r ' s  eng inee r ing  and 

management, s i t e  and environmental  impact  s t u d i e s .  They a l so  

inc lude  s p a r e  p a r t s  and inventory  costs, l i c e n s e s ,  permits ,  and  

t a x e s  dur ing  cons t ruc t ion .  A f i g u r e  of 8 pe rcen t  of t o t a l  

c o n s t r u c t i o n  cost inc lud ing  e s c a l a t i o n  w i l l  be used. These costs 

a r e  assumed t o  be d i s t r i b u t e d  80 pe rcen t  t o  l a b o r  and 20 p e r c e n t  

t o  ma te r i a l ,  

A, 2.7 Allowance f o r  Funds Durinq Cons t ruc t ion  (AFDC) 

The bulk  of AFDC is composed of i n t e r e s t  costs, The c e n t e r  of 

g r a v i t y  of cash f l o w  occurs  a t  apFroximately the  t w o - t h i r d s  

completion p o i n t  of cons t ruc t ion .  AFDC w i l l  therefore be 

c a l c u l a t e d  by using 8 pe rcen t  p e r  annum compound i n t e r e s t  on t h e  

t o t a l  e s c a l a t e d  c o n s t r u c t i o n  cos t  p l u s  Owner's costs  over a 

per iod  of one- th i rd  o f  t h e  c o n s t r u c t i o n  schedule ,  io e. , 1 - 1 1  

years. These costs will be prorated proportionately t o  labor and 

mat e r i  also 
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L 3  

A.3.1 

CAPITAL COSTS - WELL FIELD 

Direct F i e l d  C o s t s  

The product ion and i n j e c t i o n  wells w i l l  be 
i n s t a l l e d  on  a subcon t rac t  basis  inc luding  
d r i l l i n g ,  carbon s teel  casing,  and wellshead 
equipment. Product ion w e l l  w i l l  cost  $300,000 
each, and i n j e c t i o n  w e l l s  w i l l  cost $200,000 each. 

0 Spare w e l l s  w i l l  be inc luded  a t  20 percent  of t he  
product ion and i n j e c t i o n  w e l l s .  

The o r i g i n a l  number of  both product ion and 
i n j e c t i o n  w e l l s ,  i nc lud ing  spares, w i l l  be rep laced  
dur ing  t h e  l i f e  of t h e  p l an t ,  The replacement 
w e l l s  w i l l  be i n s t a l l e d  l i n e a r l y  over t he  p l a n t  
l i f e t ime .  

0 supplieras estimates w i l l  be obtained for the pre- 
i n s u l a t e d  product ion and i n j e c t i o n  b r i n e  piping, 

0 The d i r ec t  c o n s t r u c t i o n  labor costs w i l l  be 
estimated us ing  a wage ra te  of $17 per hour as  
described i n  Sec t ion  A - 2 , 1 ,  

A . 3 . 2  I n d i r e c t  F i e ld  Costs 

I n d i r e c t  f i e l d  cos t  w i l l  be taken  as 6 5  percent  of t h e  direct 

f i e l d  cons t ruc t ion  labor a s  described i n  Sec t ion  A- 2.2. 

A, 3 .3  Enqineerinq services 

Engineering services w i l l  be taken  as 14 percent  of t h e  f i e l d  

cons t ruc t ion  costs (excluding w e l l  costs) as described i n  Sec t ion  

A - 2 . 3 .  
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A-3.4 Continqency 

For comparative purposes, it i s  suggested t h a t  a 20 percent  

contingency allowance be appl ied  t o  the subtotal f i e l d  investment 

e s t ima te  (excluding w e l l  costs) i n  a manner similar t o  t h a t  shown 

i n  Table A-1. . T h i s  allowance i s  descr ibed  i n  Sec t ion  A - 2 - 4 ,  

A- 3- 5 Esca la t ion  Costs 

The t o t a l  cons t ruc t ion  period i s  assumed t o  be 20 months 

beginning May 1980. For t h e  computation of e s c a l a t i o n  costs, t h e  

center of g r a v i t y  of e s c a l a t i o n  i s  assumed t o  occur a t  

approximately the two-thirds completion po in t  of  t h e  c o n s t r u c t i o n  

schedule .  T h i s  is c a l c u l a t e d  t o  be 3.44 years from the  beginning 

of 1978 o r  0.56 year before  t h e  beginning of 1982. 

A.3.6 Owner's Costs 

N o  owner's c o s t  allowance w i l l  be assumed app l i cab le  t o  w e l l  

f i e l d  investments. 

A. 3.7 Allowance f o r  Funds Durinq Construct ion (AFDC) 

The bulk of AFDC is composed of i n t e r e s t  costs. The c e n t e r  of 

g r a v i t y  of cash flow occurs  a t  approximately the two- th i rds  

completion p o i n t  of cons t ruc t ion .  AFDC of the well f i e l d  w i l l  be 

estimated a t  8 percent  per  annum compound i n t e r e s t  on t h e  t o t a l  

escalated cost  p lus  Owner's cos t  over a period of one- th i rd  of 
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cons t ruc t ion  schedule ,  i.e., 0.56 year, These costs  w i l l  be 

prora ted  p ropor t iona te ly  t o  labor and mater ia l s .  

A.4. ENERGY PRODUCTION COSTS - POWER PLANT 

The costs of energy produced from the power p l a n t  re la tes  t o  

c a p i t a l  investments  t h a t  are amortized over t h e  l i f e  of t h e  

p r o j e c t  and r e c u r r i n g  annual costs t h a t  are expended i n  t h e  y e a r  

incur r red .  These include: 

0 Capi t a l  charges inc lud ing  t h e  cost of c a p i t a l  and 
c a p i t a l  recovery 

e Income t a x e s  

0 o p e r a t i o n  and maintenance expenses 

0 Adminis t ra t ion and gene ra l  expenses 

0 P l a n t  insurance  

0 Ad valorem t a x e s  

A. 4.1 Capi ta l  Charqes 

Power p l a n t  c a p i t a l  investments  are d e t a i l e d  i n  Sec t ion  A-2. 

Calcu la t ion  of cap i ta l  charges  i n c l u d e  t h e  fol lowing assumptions. 

0 An 11 percent  discounted cash  f low ra te  of r e t u r n  
w i l l  be app l i ed  t o  a l l  power p l a n t  c a p i t a l  
investments. 

0 S t r a i g h t  l i n e  book d e p r e c i a t i o n  w i l l  be used f o r  
c a p i t a l  recovery purposes, and equipment l i f e t i m e  
w i l l  be assumed t o  be 30 years.  

0 sa lvage  va lue  w i l l  be z e r o  a t  the end of p l a n t  
l i f e .  

0 Power  p l a n t  economic l i f e  w i l l  be 30 years, 
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A.4.2 

e 

e 

e 

0 

e 

A.4.3 

Income Taxes 

Federal income t a x  ra te  of 48 percent  will be used 
and equipment l i f e t ime  of 23 years will be assumed 
f o r  f e d e r a l  taxes.  

s t a t e  income t a x  ra te  of 9 percent  w i l l  be used and 
equipment l i fe t ime of 28 years  w i l l  be assumed fo r  
s ta te  taxes.  

Accelerated deprec i a t ion  (200 percent  d e c l i n i n g  
balance switching t o  s t r a i g h t  l i n e )  w i l l  be used 
for  income t a x  purposes. 

For a l l  capi ta l  investments,  5 percent  w i l l  be 
claimed a s  investment tax credit  for federal t a x  
pur pos es . 
Power p l a n t  c a p i t a l  w i l l  be assumed t o  be 50 
percent  debt,  15 percent  prefer red  equ i ty ,  3 5  
percen t  common equi ty .  Tax deduc t ib l e  annual 
i n t e r e s t  ra te  on deb t  i s  9 percent ;  annual  
i n t e r e s t s  on p re fe r r ed  and common e q u i t y  are  9 
pe rcen t  and 14.5 p e r c e n t  r e spec t ive ly .  

Operat ion and Maintenance C o s t  

Operation and maintenance expenses based on f i r s t  q u a r t e r  1982 

l eve ls  f o r  the f o u r  cases are shown i n  Table A-2. The cost of 

opera t ing  labor  is assumed t o  escalate a t  an annual rate of 6 

pe rcen t  through 1984 and 4- 1/2 percent  t h e r e a f t e r .  

A.4.4 Adminis t ra t ion and General Expenses 

Adminis t ra t ion and gene ra l  expenses w i l l  be 25 percent  of t h e  

annual ope ra t ion  and maintenance expense. 
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TABLE A-2 

(1) OPERATION AND MAINTENANCE COST 

50 MWe (NET) DUAL FLASH ENERGY CONVERSION 
SALTON SEA KGRA, NILAND, CALIFORNIA 

$190,00O/yr  

$285,00O/yr  

$ 95,00O/yr  

$158,00O/yr  

$101,00O/yr  

Not Requi red  

Not Requi red  

Power P l a n t  O p e r a t i o n  and Maintenance Cos t  

Maintenance Cos t  ( i n c l u d i n g  
o v e r h a u l ,  e t c . )  (2) 

O p e r a t o r s ;  Two/Day S h i f t  + One/ 
Night  S h i f t  (crew of  n ine) ( ' )  

Superv isor" )  + S h i f t  Engineer  
+ O f f i c e  

O p e r a t o r  ' fo r  S t r e t f o r d  ( o n e / s h i f t ;  
crew of f i v e l ( 2 )  

S c a l e  Removal ( l a b o r  and chemica l )  

B r i n e  Trea tment  ( a c i d  and c a u s t i c )  ''' 
(3) 

S o l i d  Haul ing  (5)  

Items i n d i c a t e d  above make up t h e  
t o t a l  p l a n t  o p e r a t i o n  and mainten-  
a n c e  c o s t .  (See S e c t i o n  A-4.3 of 
t h i s  appendix . )  

Well F i e l d  O p e r a t i o n  and Maintenance Cost  
For S c a l e  Removal 

S c a l e  Removal 

F i e l d  c o s t  i t e m  is i n  a d d i t i o n  t o  
f i e l d  c o s t  i t e m s  l i s t e d .  (See  
S e c t i o n  A-5.4 of t h i s  a p p e n d i x ) .  

( 6 )  

$190,00O/yr  

$285,00O/yr 

$ 95,00O/yr  

$158,00O/yr 

N o t  Requi red  

$93/hour  

Not F.equired 

No Minimum I n j e c t i o n  
TemDerature L i m i t  

$240,00O/yr  

Unmodified 

I $240,00O/yr 

$190,00O/yr  

$285,00O/yr  

$ 95,00O/yr  

$158,00O/yr  

$133,00O/yr 

Not Requirec 

$32/hour  

A c i d i f i e d  

$190,00O/yr  

$285,00O/yr  

$ 95,00O/yr  

$158,00O/yr  

N o t  Requirec 

$85/hour  

$32/hour  

$ 22,00O/yr  

300 I n j e c t i o n  
Minimum Temperature  Limi t  

Unmodified 1 A c i d i f i e d  

Notes  : 

Based on f i r s t  q u a r t e r  1982 dol l . ? rs .  

Items are based  on f i r s t  q u a r t e r  1978 d o l l a r  c o s t  a t  Geyser ,  which was o b t a i n e d  from PG&E. 
S u p e r v i s o r y  and o p e r a t o r  c o s t s  f o r  S a l t o n  Sea  KGRA a l l o w  f o r  added work a s s o c i a t e d  w i t h  
b r i n e  h a n d l i n g  sys tem 

GLEF c o s t  is $15,000 f o r  two weeks. ($7 ,500  f o r  l a b o r  + $7,500 f o r  c h e m i c a l s ) .  
s c a l e  removal  is t o  t a k e  p l a c e  e v e r y  1000 h o u r s  f o r  two weeks. 
Chemical c o s t  is p r o r a t e d  from GLEF a r e a s  o f  v e s s e l ,  i n t e r c o n n e c t i n g  p i p i n g ,  and 500 f t  o f  
i n j e c t i o n  p i p i n g .  

Based on 100% p l a n t  f low c a p a c i t y ;  a c i d  c o n c e n t r a t i o n  of  120 ppm, a c i d  c o s t  $O.IO/lb; 
c a u s t i c  c o n c e n t r a t i o n  o f  20 ppm, c a u s t i c  c o s t  $ 0 . 0 7 / l b  (Ref .  George T a r d i f f ,  LLL). 

I n  t h e  s e t t l i n g  pond, s o l i d s ,  p r e c i p i t a t e  o u t  a t  t h e  r a t e  of 500 l b / 1 , 0 0 0 , 0 0 0  l b  of b r i n e .  
C e n t r i f u g e  cake  i s  50X s o l i d s .  I t  c o s t s  $ l O / t o n  t o  h a u l .  A p p l i c a b l e  t o  100% p l a n t  f low 
c a p a c i t y .  

No minimum i n j e c t i o n  t e m p e r a t u r e  l i m i t  ( w i t h  s e t t l i n g  pond) c a s e :  f i e l d  p i p i n g  i s  assumed 
t o  b e  c l e a n e d  e v e r y  t h r e e  y e a r s .  I n  300F c a s e  (no pond) ,  i n j e c t i o n  l i n e  needs  t o  b e  
c l e a n e d  e v e r y  1000 h o u r s ,  p r o d u c t i o n  l i n e  o n c e  e v e r y  t h r e e  y e a r s .  

Power p l a n t  
Hence l a b o r  c o s t  is $7,500.  
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A.4.5 P l a n t  Insurance 

Insurance w i l l  be 0.1 percent  of t h e  power p l a n t  c a p i t a l  cost 

annually. 

A.4.6 Ad -Valorem Tax 

Annual ad valorem t a x  on power p l a n t  w i l l  be i n  t he  form of 

proper ty  tax. This  w i l l  be 2.4 percent  of p l a n t  va lue  based on 

t h e  i n i t i a l  cost  of t h e  p l a n t  dep rec i a t ed  l i n e a r l y  over t h e  p l a n t  

l i f e ,  but e s c a l a t e d  a t  a n  annual  r a t e  of 5.5 percent. 

A.4.7 Power P l an t  Energy Production C o s t  Estimatinq Approach 

The power p l a n t  energy production c o s t  w i l l  be es t imated  by 

d iv id ing  the  sum of l e v e l i z e d  annual c a p i t a l  charges  and 

o p e r a t i n g  costs  ( i n  m i l l s )  by t h e  l e v e l  annual n e t  e lectr ical  

energy ou tpu t  of t h e  power p l a n t  ( i n  ki lowatt-hours) .  p l a n t  ( i n  

kilowatt-hours) .. 

50 MWe. 
N e t  l eve l  electric power output  of p l a n t  w i l l  be 

P lan t  level  capac i ty  f a c t o r  w i l l  be determined f o r  
each case as ou t l ined  i n  Sec t ion  U.2.3 of the  main 
r epor t .  
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A. 5 ENERGY PRODUCTION COSTS - W E L L  FIELD 

T h e  cost of producing energy from the  w e l l  f i e l d  comprises a l l  

c o s t s  of geothermal w e l l s  and su r face  f a c i l i t i e s  up t o  t he  power 

p l a n t  site boundary. The costs w i l l  include:  

0 C a p i t a l  charges inc lud ing  the cos t  of c a p i t a l  
and c a p i t a l  recovery 

Income t axes  

0 Operat ion expenses 

0 Maintenance expenses 

0 Adminis t ra t ion and gene ra l  expenses 

0 Ad valorem t a x e s  

0 Royal t ies  

A-5.1 C a p i t a l i z a t i o n  of Investments 

well f i e l d  c a p i t a l  investments  are detai led i n  Sec t ion  A . 3  of 

t h i s  Appendix. C a l c u l a t i o n s  of c a p i t a l  charges involve  t h e  

fol lowing assumptions. 

0 A 20 percen t  discounted cash f l o w  r a t e  of r e t u r n  w i l l  be 
app l i ed  t o  a l l  w e l l  f i e l d  c a p i t a l  investments. 

0 S t r a i g h t  l i n e  book d e p r e c i a t i o n  w i l l  be used f o r  c a p i t a l  
recovery purposes. 

0 Salvage va lue  w i l l  be zero a t  t h e  end of f i e l d  economic 
l i f e .  

wel l  f i e l d  economic l i f e  w i l l  be 30 years.  
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A . 5 . 2  

e 

0 

e 

e 

0 

0 

A. 5.3 

Income Taxes 

Federa l  income t a x  r a t e  of 48 percent  w i l l  be used, 
and equipment l i f e t i m e  of 23 yea r s  will be assumed 
f o r  f e d e r a l  taxes.  

State  income t a x  r a t e  of 9 percent  will be used and 
equipment l i f e t i m e  of 28 y e a r s  w i l l  be assumed f o r  
s t a t e  taxes.  

Accelerated deprec i a t ion  (200 percent  d e c l i n i n g  
balance switching t o  s t r a i g h t  l ine)  w i l l  be used 
f o r  income t a x  purposes., 

N o  d e p l e t i o n  allowances or expending of i n t a n g i b l e  
w e l l  costs w i l l  be allowed. 

For a l l  c a p i t a l  investments,  5 percent  w i l l  be 
claimed a s  investment t a x  c r e d i t  f o r  f e d e r a l  t a x  
purposes. 

well f i e l d  c a p i t a l  w i l l  be assumed t o  he 100 
percent  e q u i t y  f inanced,  

Operation 

Annual opera t ing  expenses f o r  t h e  w e l l  f i e l d  f a c i l i t i e s  i nc lude  

t h e  fol lowing estimates: 

Foreman's and s i t e  manager's s a l a r i e s  and 
a s s o c i a t e d  overhead at $ 7 0 , 0 0 0  per  year. 

F i e l d  ope ra to r s ' ,  r ous t abou t s ' ,  e l e c t r i c a l  and 
ins t rumenta t ion  t echn ic i ans ' ,  mechanicso, 
mechanical engineers '  , and well engineers '  sa la r ies  
and a s s o c i a t e d  overhead p l u s  o p e r a t i n g  chemicals 
and o t h e r  materials fo r  a base case f i e l d  of s i x  
product ion w e l l s  and a s s o c i a t e d  i n j e c t i o n  w e l l s  a t  
$150,000 t o t a l  per year.  

Cost of scale removal f o r  t h e  s u r f a c e  piping,  i s  
shown i n  Table A-1. 

The o p e r a t i n g  labor cost i s  assumed t o  e s c a l a t e  a t  an annual r a t e  

of 6 percent  through 1984 and 4-1/2 percent  t h e r e a f t e r .  For w e l l  
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f i e l d s  having o ther  t h a n  six production w e l l s ,  the  $70,000 annual 

expense f o r  foremen and t h e  s i t e  manager remains unchanged, b u t  a 

f a c t o r  of:  

No. of Production Wells 0 - 3  
6 

i s  appl ied  t o  the $150,000 expense assumed f o r  o t h e r  sa la r ies  and 

o p e r a t i n g  mater ia l s .  

A.5.4 Maintenance C o s t  

Annual w e l l  f i e l d  maintenance expense will inc lude  0 . 5  percent of 

the  capi ta l  cost  of t h e  s u r f a c e  f a c i l i t i e s  for both product ion 

and i n j e c t i o n  w e l l s ,  p l u s  $40,000 per i n j e c t i o n  w e l l  f o r  rework. 

N o  r e w o r k  w i l l  be  included f o r  production w e l l s ;  d e f e c t i v e  w e l l s  

are assumed t o  be replaced. 

A.5.5 Adminis t ra t ion and General 

Annual a d m i n i s t r a t i o n  and gene ra l  expenses for the w e l l  f i e l d  

w i l l  be 10 percent  of t h e  annual ope ra t ion  and maintenance 

expense of t h e  w e l l  f i e l d -  
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A.5.6 A d  V a l o r e m  Tax 

Annual ad valorem t a x  on t h e  w e l l  f i e l d  w i l l  be i n  t h e  form of a 

production t a x  of 10 pe rcen t  of the  g r o s s  revenue of the w e l l  

f i e l d .  

A. 5.7 Royal t i e s  

Roya l t i e s  W i l l  be 10 percent  of t he  gross w e l l  f i e l d  income. 

A. 5.8 Insurance 

well f i e l d  insurance  w i l l  be assumed t o  be negl ig ib le .  

A . 5 . 9  Reservoir Explorat ion,  Conf i rmat lon,  and Enqineerinq 

These costs w i l l  be assumed t o  be included i n  the 2 0  percent  

r i sk-adjus ted  ra te  of r e t u r n  on w e l l  f i e l d  c a p i t a l  investments.  

A.5.10 Well F i e l d  Enerqy Production Cost Estimatinq Approach 

T h e  w e l l  f i e l d  cost of energy will be estimated by d i v i d i n g  t h e  

sum of l e v e l i z e d  annual c a p i t a l  charges  and ope ra t ing  costs for 

the  w e l l  f i e l d  ( i n  m i l l s )  by the level annual n e t  e lec t r ic  energy 

ou tpu t  of the power p l a n t  ( i n  ki lowatt-hours)  . 
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N e t  l eve l  electric power ou tpu t  of p l a n t  w i l l  be 
50 MWe 

P l a n t  l eve l  c a p a c i t y  f a c t o r  w i l l  be determined f o r  
each case as o u t l i n e d  i n  Sec t ion  4.2.3 of t h i s  
r epor t. 
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APPENDIX B 

PROJECT CONFERENCE REPORTS 

( T h i s  appendix con ta ins  the r e p o r t s  from p e r i o d i c  review meetings 

which were conducted by SDGGE throughout t h e  s tudy) .  



CONFERENCE NOTES 

F e a s i b i l i t y  Study of a Geothermal Power P l a n t  
a t  t h e  S a l t o n  Sea KGRA 

D i s t r i b u t i o n :  

T.  H in r i chs  - Magma 
W. Jacobson .- SDG&E 
P. Kasameyer - LLL 
R. Schoeder - LBL 
A. Sims - Ben Hol t  
J .  Hankin - Bech te l  
A. Renton - Bech te l  
A. Rogers - Bechte l  
K. Mirk - LBL 
Attendance: 

T.  H in r i chs  J .  Hankin 
W .  Jacobson A. Renton 
P.  Kasameyer A.  Rogers 
R. Schroeder K. Mirk 

Date of Conference: November 1, 1977 

Sub jec t :  Rese rvo i r  and Well Data 

Prepared&: J. W. Hankin 

Bech te l  Corpora t ion  and The Ben Holt  Company are  each t o  perform c y c l e  

ana lyses  f o r  t h e  f e a s i b i l i t y  and r i s k  a n a l y s i s  s t u d y  of a geothermal power 

p l a n t  a t  t h e  S a l t o n  Sea KGRA. Bech te l  w i l l  perform s t u d i e s  f o r  a d u a l  

f l a s h  c y c l e  and Ho l t  w i l l  perform s t u d i e s  f o r  a m u l t i s t a g e  f l a s h / b i n a r y  

c y c l e .  The purpose of t h i s  meeting w a s  t o  select  common r e s e r v o i r  and w e l l  

de s ign  d a t a  t o  be  used i n  t h e s e  s t u d i e s .  

A copy of t h e  agenda f o r  t h e  meeting is  a t t a c h e d .  It w a s  p repared  by 

Bech te l  and reviewed w i t h  A. S i m s  of Hol t  p r i o r  t o  t h e  meeting. The d a t a  

agreed upon and assignments f o r  f u r t h e r  s tudy  are l i s t e d  below i n  numeri- 

cal  o r d e r ,  cor responding  t o  t h e  agenda: 

1. Supply Wells ( A l l  d a t a  a t  w e l l  head c o n d i t i o n s )  

1.1 Temperature a t  des ign  flow rate = 370F (dec reases  

1 . 2  P r e s s u r e  a t  des ign  flow ra te  = 150 p s i g  ( cons t an t  

1.3 Qua l i ty  of f l u i d  = v a r i a b l e  w i t h  t i m e  ( c a l c u l a t e  

w i t h  t i m e  as desc r ibed  i n  I t e m  1 . 3  below). 

over p l a n t  l i f e t i m e ) .  

by assuming en tha lpy  is  c o n s t a n t  from w e l l  bottom 
t o  w e l l  head, i n i t i a l  t empera ture  a t  w e l l  bottom is 
478F (248C), and w e l l  bottom tempera ture  d e c l i n e s  
l i n e a r l y  18F (1OC) i n  30 y e a r s ) .  

Dissolved s o l i d s  c o n c e n t r a t i o n  = 20% TDS. 1 .4  
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Page Three 

2.5 

2.6 

2.7 

2 . 8  

2.9 

2.10 

3. Reservoi r  

3.1 

3 .1 .1 

3.1.2 

3.1.3 

3.2 

7 Depth of w e l l .  

Discussed i n  I t h e  fo l lowing  

Casing d iameter .  

Well spac ing  and p a t t e r n .  

D i s t ance  of r e i n j e c t i o n  w e l l s  from c e n t e r  paragraph 
of product ion  f i e l d .  

Vertical, o r  s l a n t - d r i l l e d  from i s l a n d ?  

Number ( W )  of s p a r e  w e l l s .  J 
Magma w i l l  s t udy  Items 2.5 through 2.10. It  w a s  ten- 
t a t i v e l y  i n d i c a t e d  t h a t  r e i n j e c t i o n  w e l l s  would b e  
2,500 f e e t  deep. 

Discussed i n  

Define t h e  r e s e r v o i r  under c o n s i d e r a t i o n .  

Deep o r  sha l low r e s e r v o i r ?  
t h e  fo l lowing  
paragraph High- o r  medium-temperature r e s e r v o i r ?  

The number of MWe each t h e  t w o  types  is  cap- 
a b l e  of suppor t ing?  

Tom Hin r i chs  i n d i c a t e d  t h a t  i t  has  n o t  been proven 
whether two d i s t i n c t  r e s e r v o i r s ( a n  upper r e s e r v o i r  w i th  
moderate tempera ture  and a deeper  r e s e r v o i r  w i th  h igh  
tempera ture)  e x i s t .  I f  two r e s e r v o i r s  a c t u a l l y  e x i s t ,  
t hen  up-welling may r e s u l t  i n  communication between 
them. I n  e f f e c t ,  t h e  r e s u l t  would b e  one r e s e r v o i r .  
R e i n j e c t i o n  may b e  a r ranged  i n  a way t o  f o r c e  t h i s  
s i t u a t i o n .  Pau l  Kasameyer, Ron Schroeder and 
Tom Hin r i chs  agreed t h a t  t h e  p r e s e n t  GLEF s i t e  is  
l o c a t e d  a t  approximately t h e  c e n t e r ,  o r  h o t t e s t  p o r t i o n  
of what appears  t o  b e  a n  upper r e s e r v o i r .  Assuming 
t h a t  two r e s e r v o i r  do e x i s t ,  i t  w a s  es t imated  t h a t  about  
one- th i rd  of t h e  t o t a l  energy is conta ined  i n  t h e  upper 
r e s e r v o i r  and two-thirds  i n  t h e  lower.  System Science  

3 and Software (S ) has  performed a r e s e r v o i r  s tudy  on t h e  
S a l t o n  Sea KGRA which is  about  t o  b e  publ i shed .  It may 
i n c l u d e  some informat ion  t h a t  w i l l  be  u s e f u l  f o r  t h e  
f e a s i b i l i t y  s tudy  . 
P r e s s u r e  and f low decay rates of t h e  s e l e c t e d  r e s e r v o i r  
f o r  a product ion  o f :  

e 100 MWe 
e 200 MWe 
0 300 MWe 

Decay rates are desc r ibed  i n  I t e m s  1.1 through 1.6 
above. 
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1 . 5  

1 .6  

1 . 7  

1.8 

1 .9  

1.10 

1.11 

Noncondensable gas  c o n t e n t  = 0.5  w t .  % of t o t a l  
b r i n e  flow 

Noncondensable gas  composition i s  l i s t e d  below: 

c02 
CH4 
N2 
H2 
H2S 

Pe rcen t  by Volume 

98.47 
0.81 
0.09 
0.62 
820 ppm 

The noncondensable gas  composition l i s t e d  above 
i n c l u d e s  averaged v a l u e s  of Woolsey gas  a n a l y s e s  
t aken  on 3 /2 /77 ,  4/7/77 a n d ~ 4 / 1 9 / 7 7 ,  as r e p o r t e d  
i n  t h e  May 1977 Bi-Monthly GLEF Report .  

Design flow rate p e r  w e l l  = v a r i e s  l i n e a r l y  from 
400,000 l b / h r  i n i t i a l l y  t o  300,000 l b / h r  a t  yea r  
30. 

Well c a s i n g  d iameter .  

Well dep th .  Discussed i n  
t h e  fo l lowing  
paragraph Well spac ing  and p a t t e r n .  

Vertical, o r  s l a n t - d r i l l e d  from i s l a n d s ?  

Number (X) of  s p a r e  w e l l s .  

Magma w i l l  s t udy  Items 1 . 7  through 1.11. T e n t a t i v e l y ,  
i t  w a s  i n d i c a t e d  t h a t  product ion  w e l l s  would c o s t  
$250,000, they  would b e  1,500 t o  2,500 fee t  deep and 
would have 9 5 / 8  inch  c a s i n g s .  

2. R e i n j e c t i o n  

2 . 1  Requirement on minimum tempera ture  = no l i m i t  and 300F 
(two cases are t o  b e  cons ide red ) .  

P r e s s u r e  requi rement  a t  d e s i g n  flow ra te  = 400 p s i g  
(cor responding  t o  t h e  no l i m i t  c a s e  i n  Item 2.1 above) 
and 465 p s i g  (cor responding  t o  t h e  300F c a s e ) .  

2.3 Design flow ra te  p e r  w e l l  = 600,000 l b / h r  ( f o r  b o t h  
cases i n  I t e m  2 .1 ) .  

2.4 What p re t r ea tmen t  is  r e q u i r e d ?  LLL, LBL, Magma and 
SDG&E w i l l  s tudy .  

2.2 
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3 . 3  Changes i n  composi t ion of product ion  f l u i d  wi th  
t i m e  under t h e  t h r e e  product ion  rates of dtem 3 . 2  = 
no change wi th  t i m e  

4 .  Sca l ing  and Corros ion  

Discussed i n  
t h e  fo l lowing  
paragraph 

4 . 1  Sca l ing  c o n s i t u e n t s .  

4 . 2  S c a l i n g  rates. 

4 . 3  Scale c l ean ing  methods. 

4 . 4  Materials of c o n s t r u c t i o n  and 
c o r r o s i o n  rates. 

LLL w i l l  p rovide  informat ion  on s c a l i n g ,  co r ros ion  
and materials of c o n s t r u c t i o n .  It is  intended t h a t  
t h e s e  f e a s i b i l i t y  s t u d i e s  be  conducted assuming no 
a c i d i f i c a t i o n ,  b u t  LLL w i l l  t a k e  t h i s  under advise-  
ment. 

u. W. Hankin 
P r o j e c t  Engineer 
Research & Engineering 
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1. Supply We1 1 s 

1.1- 
1 . 2  
1 .3  
1 . 4  
1 .5  
1 . 6  
1 . 7  
1.8 
1 .9  
1.10 
1.11 

2. Rein j ec t i o n  

2 .1  
2 .2  
2 . 3  
2.4 
2 .5  
2 .6  
2.7 
2.8 

2.9 
2.10 

3 .  R e s e r v o i r  

3 . 1  
3.1.1 
3.1.2 
3.1.3 

3.2 

3.3 

CYCLE ANALYSIS FOR 

SDGhE FEASIBILITY REPORT 

Reservoi r  and W e l l  Design Data 

( A l l  d a t a  a t  w e l l  head c o n d i t i o n s )  

Temperature a t  d e s i g n  f low rate.  
P r e s s u r e  a t  d e s i g n  f low rate. 
Q u a l i t y  of f l u i d .  
Dissolved s o l i d s  c o n c e n t r a t i o n .  
Noncondensible g a s  c o n t e n t  and composition. 
Design f low r a t e  p e r  w e l l .  
Well c a s i n g  d iameter .  
Well depth .  
Well spac ing  and p a t t e r n .  
Vertical ,  o r  s l a n t - d r i l l e d  from i s l a n d s ?  
Number ( X )  of s p a r e  w e l l s .  

Requirement on minimum temperature .  
P r e s s u r e  requirement  a t  d e s i g n  f low rate .  
Design f low rate p e r  w e l l .  
What p r e t r e a t m e n t  is  r e q u i r e d ?  
Depth of w e l l .  
Casing d iameter .  
W e l l  spac ing  and p a t t e r n .  
Dis tance  of r e i n j e c t i o n  w e l l s  from c e n t e r  of pro- 
d u c t i o n  f i e l d .  
Vertical ,  o r  s l a n t - d r i l l e d  from i s l a n d ?  
Number (%) of s p a r e  w e l l s .  

Def ine  t h e  r e s e r v o i r  under c o n s i d e r a t i o n .  
Deep o r  sha l low r e s e r v o i r ?  
High- o r  medium-temperature r e s e r v o i r ?  
The number of  MNe each t h e  two types  i s  capable  
of s u p p o r t i n g ?  
P r e s s u r e  and flow decay ra tes  of t h e  s e l e c t e d  
r e s e r v o i r  f o r  a product ion  o f :  

e 100 MWe 
0 200 MWe 
0 300 We 

Changes i n  composi t ion of product ion  f l u i d  w i t h  
t i m e  under t h e  t h r e e  product ion  rates of  Par .  3.2. 
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4 .  Scal ing  and Corrosion 

4 . 1  Sca l ing  cons i t u e n t s  
4 . 2  S c a l i n g  rates 
4 . 3  Scale c l e a n i n g  methods 
4.4 Materials of c o n s t r u c t i o n  and c o r r o s i o n  

rates 
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CONFERENCE NOTES 

F e a s i b i l i t y  Study of a Geothermal Power P l a n t  
a t  t h e  S a l t o n  Sea KGRA 

D i s t r i b u t i o n :  

T. R. F i c k  - Bechte l  
J. W. Hankin - Bechte l  
S. B. Hebbar - Bechte l  
A. R e n t o n 4  - Bechtel  
A. N.  Rogers - Bechte l  
T. E. Walsh - Bechte l  
B. Hol t  - Ben Holt  
A.  Sims - Ben Hol t  
M. Scheve - DOE 
K. F. Mirk - LBL 
A. L. Aus t in  - LLL 
G .  E. T a r d i f f  - LLL 
T. C.  Hinr ichs  - Magma 
W. 0. Jacobson - SDG&E 

Date of Conference: November 30, 1977 

Locat ion  : Bechte l  Corpora t ion  
San Franc isco  

Sub j ec t : S t a t u s  R e v i e w  

Prepared by: A. Renton 

Attendance: 

T. R. F i c k  T. E. Walsh (par t - t ime)  
H. W. Hankin W. 0. Jacobson 
S. B. Hebbar B. Hol t  
A. Renton A. S i m s  
A. N.  Rogers (par t - t ime)  G .  E. T a r d i f f  

Schedule 

Holt  proposed t o  complete t h e i r  d e s i g n s  by t h e  end of 1977 and t o  sub- 

m i t  t h e i r  d r a f t  r e p o r t  by t h e  end of January,  1978. 

The Bechte l  d r a f t  work s ta tement  f o r  t h e  f e a s i b i l i t y  s tudy  w a s  d i s -  

cussed b r i e f l y .  

SDG&E s t a t e d  they  r e q u i r e  t h e  s t u d y  d r a f t  r e p o r t  by mid-January 1978 

and reques ted  Bechtel  and Holt  t o  p r e p a r e  a n  i n t e g r a t e d  schedule  t o  

meet t h i s  d a t e .  I f  t h e  mid-January d a t e  cannot  be  m e t ,  r e a s o n s  w i l l  

b e  given.  

F e a s i b i l i t y  Study Report  

SDG&E s t a t e d  t h a t  t h e  f i r s t  p a r t  of t h e  r e p o r t  should c o n t a i n  t h e  

i n d i v i d u a l  conceptua l  c y c l e s  by Bechte l  and Hol t ,  a f t e r  each company 

has  reviewed t h e  o t h e r ' s  d e s i g n  t o  e n s u r e  comparable d e s i g n  bases .  

B- 7 



CONFERENCE NOTES 
November 30, 1977 
Page Two 

The second p a r t  w i l l  be  a p r e s e n t a t i o n  of ommon se t  of conclus ions  

regard ing  t h e  s e l e c t i o n  of a p r e f e r r e d  c y c l e  o r  t h a t  t h e  s t u d i e s  should 

be  c a r r i e d  forward w i t h  both  t h e  f l a s h  and t h e  b i n a r y  c y c l e .  It w i l l  

a l s o  i n c l u d e  f e a s i b i l i t y ,  r i s k  a n a l y s e s  and recommendations f o r  f u t u r e  

GLEF t e s t i n g .  SDGfiE w i l l  u s e  t h e  f e a s i b i l i t y  s t u d y  t o  d e c i d e  on t h e  

b e s t  p l a n t  d e s i g n  f o r  t h e  S a l t o n  Sea s i t e  and t o  i n s t i t u t e  suppor t  

work, i n c l u d i n g  a d d i t i o n a l  GLEF t e s t i n g ,  t o  e n s u r e  t h a t  t h i s  w i l l  b e  

a minimum r i s k  p l a n t .  

Design Data 

The fo l lowing  summarizes t h e  d i s c u s s i o n  and agreements among t h e  

p a r t i c i p a n t s  : 

e Brine:  The p r o p e r i t i e s  of t h e  b r i n e  w i l l  be  from LLL com- 
p u t e r  program BPROP2. The w e l l  head c o n d i t i o n s ,  agreed upon 
a t  t h e  meet ing of November 1, 1977 have been r e v i s e d .  The 
p r e s s u r e  a t  d e s i g n  f low r a t e  h a s  been k e p t  a t  150 p s i g ,  b u t  
t h e  e q u i v a l e n t  s a t u r a t e d  temperature  w i l l  be  381.3F, as cal- 
c u l a t e d  by t h e  computer program. 

e Turbine Eff ic iency:  Turbine e f f i c i e n c i e s  have been reques ted  
from several t u r b i n e  manufac turers  f o r  t h e  s p e c i f i c  condi- 
t i o n s  of t h i s  s tudy .  These e f f i c i e n c i e s  w i l l  be  used i n  t h e  
conceptua l  d e s i g n s  i f  t h e y  are suppl ied  w i t h i n  a compatible  
t i m e  schedule .  

To comply w i t h  r e c e n t  a n t i t r u s t  r u l i n g s ,  SDG&E h a s  s e n t  a 
l e t t e r  t o  GE confirming t h a t  they  w e r e  t h e  o r i g i n a t o r s  of 
t h e  f e a s i b i l i t y  s tudy .  

o Well f ie ld :  The geothermal w e l l  f i e l d  l a y o u t  w i l l  b e  based 
on a n  ear l ier  s t u d y  by Holt .  A f t e r  m o d i f i c a t i o n  t o  show one 
i n j e c t i o n  w e l l  t o  two product ion  w e l l s ,  t h e  l a y o u t  drawing 
No. 7506-D-3202 w a s  d i s t r i b u t e d .  The m o d i f i c a t i o n  d e l e t e s  
I n j e c t i o n  Wells 1 7 ,  18, 21, 22, 25, and 28. 

An a l t e r n a t i v e  w e l l  f i e l d  concept u s i n g  t h e  i s l a n d  approach 
and s l a n t  d r i l l i n g  may be cons idered  a t  a la te r  d a t e .  

o Makeup Water: SDG&E s t a t e d  t h a t ,  superseding  previous  
i n s t r u c t i o n s ,  condensate  w i l l  be  used as makeup water t o  
t h e  c o o l i n g  water system w i t h  an emergency backup water 
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The p o s s i b l e  r e a c t i o n  of  t h e  condensate  w i t h  t h e  i n h i -  
b i t o r s  which are added t o  t h e  c o o l i n g  water w i l l  b e  
cons idered .  

0 Blowdown: Cooling water blowdown w i l l  be  d ischarged  t o  

c o s t  w i l l  b e  es t imated  o n l y  t o  t h e  
t h e  S a l t o n  Sea. However, t h e  blowdown p i p e  w i l l  be  shown 
on drawings and i t s  
power p l a n t  boundary. 

0 Brine  Handling: It w i l l  be  assumed t h a t  t h e  b r i n e  w i l l  b e  
a c i d i f i e d  f o r  scale  c o n t r o l  a t  e n t r y  t o  t h e  p l a n t  and w i l l  
be  n e u t r a l i z e d  i n  a n  e f f l u e n t  t rea tment  system s imilar  t o  
t h e  e x i s t i n g  Magma GLEF hold ing  tanks  as  i t  leaves t h e  p l a n t  
s i t e .  LLL's mater ia l  recommendations f o r  t h e  p l a n t  and 
p i p i n g  w i l l  be  cons idered  and,  i f  used,  confirmed. These 
a r e  g iven  i n  t h e  LLL l e t t e r ,  da ted  November 29, 1977, t o  
SDG&E and are as  fo l lows:  

Temperature b150C - HasteJloy C-276 l i n e r s  o r  monoli th .  
1 C r ,  1 / 2  Mo a l l o y  s tee l  o r  e q u i v a l e n t  may a l s o  b e  
a c c e p t a b l e .  

Temperature <150C, pH < 5 - 1 C r ,  1 / 2  Mo a l l o y  s teel  
o r  e q u i v a l e n t ,  t empera ture  < 150C, pH ) 5  - carbon s teel .  

These recommendations apply  t o  a c i d i f i c a t i o n  b r i n e  (pH 4 .5 )  
a s  w e l l  a s  unmodified b r i n e .  It w a s  noted t h a t  carbon s tee l  
would n o t  b e  s u i t a b l e  f o r  h igh  temperature  components i n  
unmodified b r i n e ,  such as product ion  w e l l s  and p i p i n g .  

0 Mechanical Cleaning: SDG&E h a s  gained exper ience  i n  c lean-  
i n g  scale bui ldup  i n  GLEF vessels and d r a i n  l i n e s  by 
i n h i b i t e d  a c i d  soaking and hydroblas t ing .  Their  exper- 
i e n c e  i n d i c a t e d  t h a t  f o r  a 1000 hour c y c l e ,  t h e  c o s t  w a s  
$15,000 and r e q u i r e d  1% weeks downtime w i t h  t h e  p l a n t  
o p e r a t o r s  a l s o  performing c l e a n i n g  o p e r a t i o n s .  
unmodified b r i n e ,  scale bui ldup r a t e  w i l l  be  cons idered  
t o  b e  one m i l  p e r  hour downstream of t h e  f i r s t  f l a s h  tank.  
Scale b u i l d  up upstream of the  f i r s t  f l a s h  tank  can  be  
ignored.  

With 

0 I n j e c t i o n  Pumps: Even w i t h  a c i d i f i c a t i o n ,  redundant in-  
j e c t i o n  pumps are r e q u i r e d ,  3 @ 50% c a p a c i t y  pumps w i l l  
b e  provided i n  t h e  s tudy .  

0 Brine Product ion  Lines:  The r u n  of t h e s e  l i n e s  t o  t h e  s i t e  
w i l l  r e q u i r e  c a r e f u l  d e s i g n  t o  ensure  s t e a d y  f low w i t h  two 
phase f low c o n d i t i o n s .  Risk  and conf idence  w i l l  b e  i n d i c a t e d  
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i n  t h e  r e p o r t .  The h i g e r  a l l o w a b l e  p r e s s u r e  drop i n  t h e  
l i n e  f o r  t h e  f l a s h  system could reduce t h e  d e s i g n  problems 
f o r  t h i s  c y c l e .  However, f o r  t h e  b i n a r y  system, a low 
p r e s s u r e  drop  is  needed. Therefore ,  use  of s e p a r a t o r s  
a t  t h e  wel lhead and s e p a r a t e  b r i n e  and steam l i n e s  t o  t h e  
p l a n t  w i l l  b e  cons idered .  

Steam Cleanup: The system c u r r e n t l y  being cons idered  f o r  
t h e  f l a s h  c y c l e  i s  a m i s t  e l i m i n a t o r / s c r u b b e r .  Although 
t h i s  type  of system h a s  been used s u c c e s s f u l l y  i n  d e s a l -  
i n a t i o n  p l a n t s ,  i t  h a s  n o t  opera ted  w i t h  t h e  b r i n e  concen- 
t r a t o r  a t  t h e  S a l t o n  Sea. The Hutchison d e s i g n ,  i n  u s e  
a t  t h e  GLEF, w i l l  b e  cons idered  and Hol t  w i l l  supply d e s i g n  
c r i te r ia  f o r  B e c h t e l ' s  steam c o n d i t i o n s .  

a Liquid t o  Liquid Binary Cycle: A c i d i f i c a t i o n  of t h e  b r i n e  
i n  t h e  p l a n t  w i l l  r educe  s c a l i n g  and e n a b l e  l i q u i d  t o  l i q u i d  
h e a t  exchangers  t o  b e  used i n  t h e  b i n a r y  system. This  w i l l  
r e q u i r e  an a d d i t i o n a l  conceptua l  d e s i g n  by Hol t  and have a n  
impact on t h e  t i m e  schedule  which Hol t  agreed t o  assess. 

A. Renton 

AR/ c m  
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E .  Zajac - Magma 
W. 0. Jacobson - SDGEE 

Attendance:  

J. W. Hankin - Bechtel  
A. Renton - Bechtel  
B. Hol t  - Ben Holt  
A. J. L .Hutch inson-  Ben Holt  
A. V. Sims - Ben Holt  
B.  C. McCabe - Magma 
J. L. Fea the r s tone  - Magma 
E. Zajac - Magma 
W .  0. Jacobson - SDGEE 

P1 a n t  I n t e r  f a c  e Parame t ers 

Bechtel  p re sen ted  a d r a f t  o f  t h e  r e s u l t s  o f  Task 2 ,  P l a n t  I n t e r f a c e  
Parameters. The v a l u e s  p re sen ted  were based on agreements  reached i n  
p rev ious  meet ings ,  rev iew o f  a v a i l a b l e  d a t a  and b e s t  estimates. The 
fo l lowing  major  r e v i s i o n s  were agreed  t o  a f t e r  d i s c u s s i o n :  

1. Product ion  Wellbottom Temperature - Changed from 478°F t o  500°F, 
d e c l i n i n g  l i n e a r l y  by 18'F i n  30 y e a r s .  
on 482'F i n s t e a d  o f  460'F. 

P l a n t  des ign  w i l l  be  based 

2 .  Well Layout - Changed from t h a t  shown i n  Holt  Co. Drawing 7506-D-3202 
t o  one product ion  i s l a n d  and one i n j e c t i o n  i s l a n d .  The r e v i s e d  l ayou t  
i s  based on s l a n t  d r i l l i n g  wi th  600 t o  700-foot bot tomhole spac ing .  
A r e v i s e d  l ayou t  ske tch  w i l l  be supp l i ed  by Magma. 
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3. 

4. 

5. 

6 .  

7 .  

8. 

9. 

10. 

11. 

12. 

13. 

i Well Location - The p roduc t ion  well i s l a n d  w i l l  be l o c a t e d  n e a r  t h e  
c e n t e r  of  t h e  P-1  and P-2 area shown on Drawing 7506-D-3202. The 
i n j e c t i o n  wel l  i s l a n d  w i l l  be l o c a t e d  n e a r  t h e  c e n t e r  o f  t h e  e a s t e r n  
edge o f  t h e  P-1 and P-2 area. 

Well Depth - Product ion wells are t o  be  s l a n t  d r i l l e d  t o  depths  from 
2,000 feet  t o  4,000 f e e t .  I n j e c t i o n  wells w i l l  be  d r i l l e d  t o  depths  
between 1,500 t o  1 ,800 f ee t .  

P l a n t  
i s l a n d ,  a t  approximate ly  t h e  c e n t e r  of  t h e  P - 1  and P-2 a r e a .  

I 
I 
I Location - The p l a n t  w i l l  be l o c a t e d  n e a r  t h e  product ion  well 

Well Cost - Product ion  well c o s t  i s  $300,000 p e r  well and i n j e c t i o n  
well c o s t  i s  $200,000 p e r  well. 

1 
I 

E f f l u e n t  Br ine  Treatment - An e f f l u e n t  b r i n e  t r ea tmen t  system w i l l  
be  provided  a t  t h e  p l a n t  boundary. 
f o r  removal o f  p r e c i p i t a t e d  s o l i d s .  

The t r ea tmen t  system w i l l  p rov ide  
In  t h e  case where t h e  b r i n e  e n t e r -  

i n g  t h e  p l a n t  has  been a c i d i f i e d ,  t h e  e f f l u e n t  b r i n e  w i l l  be n e u t r a l i z e d .  1 

I n j e c t i o n  Lines - I n j e c t i o n  l i n e s  w i l l  be i n s u l a t e d .  

Water - Cooling water makeup, o v e r  t h a t  p rovided  by condensa te ,  w i l l  be 
a v a i l a b l e  a t  i n d u s t r i a l  ra tes .  

Environmental  - P l a n t  des ign  i s  t o  be  based on a s t a n d a r d  of  no more 
t h a n  30 ppb o f  hydrogen s u l f i d e  a t  t h e  p l a n t  boundary. Su r face  con- 
d e n s e r s  w i l l  be  r e q u i r e d  i n  t h e  steam f l a s h  des ign  t o  meet t h i s  
requi rement .  

Materials - The m a t e r i a l s  recommendations provided  by LLL w i l l  be 
s t u d i e d  by t h e  Bechtel  materials group. 

Design Without Acid Addit ion - A p l a n t  des ign  based on no a c i d  add i -  
t i o n  and a s c a l i n g  r a t e  of one m i l  p e r  hour  w i l l  be s t u d i e d .  

I n j e c t i o n  a t  300°F - The p l a n t  d e s i g n  f o r  i n j e c t i o n  a t  300'F w i l l  n o t  
r e q u i r e  b r i n e  a c i d i f i c a t i o n  o r  s c a l i n g  al lowance.  

S e t t l i n g  Tank Tests 

Magma r e p o r t e d  t h a t  i n  p r e l i m i n a r y  tests a two-hour ho ld  time i n  s e t t l i n g  
t a n k s  reduces  suspended s o l i d s  t o  40 ppm and t h a t  t h e  b r i n e  i s  a t  s a t u r a t i o n  
wi th  r e s p e c t  t o  s i l i c a .  

Schedule  

New schedules  and c o s t  estimates w i l l  be prepared  t h a t  re f lec t  t h e  r e v i s i o n s  
made t o  t h e  p l a n t  i n t e r f a c e  parameters .  

AVS/j c A. V. Sims 
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Attendance: 

T.  R .  F i c k  - Bechte l  W .  0. Jacobson - SDG&E 
J .  W .  Hankin - Bechte l  B.  Hol t  - Ben Holt  
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Study S t a t u s  

Ben Holt  s t a t e d  t h a t  they  are about  a week behind on t h e i r  Task 4 ,  b a s e  
case b i n a r y  c y c l e ,  work compared t o  t h e i r  schedule  da ted  December 28, 
1977. 

Bechte l  d e l i v e r e d  t h e i r  p roposa l  and schedule  f o r  Phases I ,  I1 and I11 
of t h e  s t u d y .  
developed under Bechte l  Task 3 . 2  as a g e n e r i c  p l a n  f o r  t h e  s t u d y ,  and 
t h e  d r a f t  r e p o r t  f o r  Bechte l  Task 2 of t h e  s t u d y ,  p l a n t  i n t e r f a c e  para- 
meters e 

Bechte l  a l s o  presented  a p r e l i m i n a r y  s i t e  p l o t  p l a n  

Discuss ion  and Conclusions 

1. P l o t  Plan:  SDG&E s t a t e d  t h a t  t h e  Bechte l  p r e l i m i n a r y  p l o t  p l a n  is  
accepted  f o r  f u r t h e r  development and Hol t  agreed t o  f o l l o w  t h e  gen- 
eral l a y o u t  i n  prepar ing  t h e  b i n a r y  p l a n t  des ign .  The fo l lowing  
a d d i t i o n a l  comments were made: 
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0 Magma commented t h a t  t h e  l o c a t i o n  of t h e  product ion  w e l l  
i s l a n d s  might b e  changed. It w a s  agreed t o  accep t  t h i s  as 
a " r i s k  i t e m "  f o r  f u r t h e r  a c t i o n  and inc luded  as such i n  
t h e  Phase I r e p o r t .  

0 It w a s  agreed t h a t  i n j e c t i o n  l i n e s  would be  routed  above 
ground t o  avoid problems i n  bury ing  them, s i n c e  t h e  s i t e  
water t a b l e  is  a t  t h e  two-foot l e v e l ;  and t h a t  t h e  accept -  
a b i l i t y  of having t h e s e  p i p e s  above ground w i l l  a l s o  b e  
i n d i c a t e d  as a r i s k  i t e m  under Bechte l  Task 4 .  

0 Magma s t a t e d  t h a t  t h e  d iked  s e t t l i n g  pond shown is  accept -  
a b l e .  It w a s  agreed t h a t  f o r  t h e  f e a s i b i l i t y  s tudy ,  t h e  
pond w i l l  have p l a s t i c  l i n i n g  p l u s  4 inches  of conc re t e .  

2 .  P l a n t  Parameters :  The Bechte l  Task 2 d r a f t  r e p o r t  on I n t e r f a c e  Para- 
meters w a s  reviewed and t h e  fo l lowing  i t e m s  w e r e  agreed upon: 

e The materials i n  t h e  r e p o r t  w i l l  be  used f o r  t h e  Phase I 
s tudy  and any p o t e n t i a l  changes w i l l  b e  cons idered  p a r t  
of t h e  r i s k s  which w i l l  be  inc luded  i n  t h e  Phase I r e p o r t .  

A b r i n e  f i l t e r  system, p r i o r  t o  i n j e c t i o n ,  w i l l  be  
designed w i t h  t h e  fo l lowing  assumptions:  

- Feed from pond has  40 ppm suspended s o l i d s  w i t h  good 
f i l t e r  cake.  Br ine  i n t o  pond from p l a n t  c o n t a i n s  
140 ppm suspended s o l i d s .  

- 50,000 gpm of s ludge  w i l l  b e  dewatered.  

- Sludge has  16 pe rcen t  by weight  of s o l i d s .  

- Sludge d i s p o s a l  is  by hau l ing  a t  $10 per  ton .  

e Sca l ing  rates and c o r r o s i o n  al lowances p re sen ted  i n  t h e  
wr i t eup  w i l l  b e  used f o r  t h e  Phase I conceptua l  des igns .  

o GLEF exper ience  i n  scale c l e a n i n g  w i l l  b e  used i n  develop- 
ing  O&M c o s t s .  
s c a l i n g  ra te  wi th  a two week shutdown a f t e r  1000 hours  
of o p e r a t i o n ,  i n d i c a t e s  a c l ean ing  c o s t  of $15,000. 
Approximately 50 pe rcen t  of t h i s  c o s t  is f o r  chemicals  
and t h e  remainder is  o u t s i d e  l a b o r .  The o p e r a t i n g  crew 
(two i n d i v i d u a l s  pe r  s h i f t ,  3 s h i f t s )  a l s o  p a r t i c i p a t e s  
i n  t h e  c l e a n i n g  o p e r a t i o n .  For t h e  Phase I s tudy ,  i t  
w i l l  be  assumed t h a t  c l ean ing  can b e  accomplished i n  two 
weeks, t h e  o u t s i d e  l a b o r  w i l l  b e  $7,500, and t h e  chemi- 
cal  c o s t  w i l l  b e  r a t i o n e d  from t h e  GLEF t o  t h e  conceptua l  
p l a n t  des igns  on an  exposed squa re  f o o t  b a s i s .  

The GLEF expe r i ence ,  f o r  a 1 m i l  per  hour 
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3 .  A l t e r n a t i v e  Approach t o  S o l i d s  Removal: 
a l t e r n a t i v e  approach t o  s o l i d s  removal p r i o r  t o  b r i n e  r e i n j e c t i o n  be 
cons idered  and i t  w a s  agreed t h a t  t h i s  sugges t ion  should be  inc luded  
i n  t h e  R&D s e c t i o n  of t h e  Phase I r e p o r t .  The approach invo lves  
s lowing down t h e  s o l i d s  p r e c i p i t a t i o n .  This  can be  accomplished by 
i n j e c t i n g  t h e  noncondensible g a s e s ,  mainly carbon d i o x i d e ,  which 
cause  t h e  pH t o  dec rease  t o  4 and r e s u l t s  i n  t h e  p r e c i p i t a t i o n  of 
l e a d  s u l f i d e .  This  p r e c i p i t a t e  is  e a s i l y  f i l t e r e d .  The o v e r a l l  
r e s u l t  is. t h a t  s i l ica  p r e c i p i t a t i o n  i s  delayed approximately 10 hours  
which w i l l  a l low t h e  f l u i d  t o  b e  i n j e c t e d  f a r  i n t o  t h e  r e s e r v o i r  
b e f o r e  p r e c i p i t a t i o n  occur s .  

George T a r d i f f  urged t h a t  an 

4 .  Equipment i n  Br ine  Se rv ice :  Based on GLEF exper ience ,  i t  w a s  agreed 
t h a t  pumps and v a l v e s  i n  b r i n e  s e r v i c e  are c r i t i c a l  i t e m s  f o r  f u t u r e  
R&D e f f o r t  and should be  included as r i s k s  i n  t h e  Phase I r e p o r t .  

5 .  Materials Evalua t ion :  B i l l  Jacobson indica t .ed  t h a t  t h e  review of 
materials by t h e  Bechte l  Materials Group which w a s  d i scussed  i n  pre-  
v i o u s  f e a s i b i l i t y  s tudy  meet ings should no t  be  p a r t  of t h e  Phase I 
work, b u t  should b e  an i t e m  f o r  t h e  R&D s e c t i o n  of  t h e  Phase I 
r e p o r t .  
of i n d i v i d u a l s  w i t h  exper ience  i n  e v a l u a t i n g  materials f o r  b r i n e  
s e r v i c e .  The meeting would i n c l u d e  T a r d i f f ,  T r e s i t o r  who i s  r e t i r e d  
from S h e l l  O i l ,  Needham from t h e  Bu Mines and a materials engineer  
from t h e  Bechte l  Materials Group. It would b e  conducted under t h e  
LLL c o n t r a c t .  

George T a r d i f f  s a i d  t h a t  he  would t r y  t o  a r r a n g e  a meeting 

VJ. W .  Hankin 
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Attendance: 

I a t  t h e  S a l t o n  Sea KGEU 

1 
Date of Conference: February 8 ,  1978 

1 - Bechte l  Locat ion:  Bechte l ,  San Franc isco  
- Bechtel  
- Bechte l  
- Bechte l  I 
- Bechte l  Prepared By: J. W. Hankin 
- Bechte l  
- Ben Holt  
- Ben Holt  

Sub j ec t : Review of Pre l iminary  R e s u l t s  

I 

- LBL 1 
- DOE 

I - LBL 
- LLL 
- LLL I 
- Magma 
- Magma 
- SDG&E 

T. R. F i ck  
J. W. Hankin 
S .  B. Hebbar 
A.  Renton 
A. N.  Rogers 
A. Sims 
R. L. Fu l ton  

- Bechte l  K. Mirk - LBL 
- Bechte l  A. L. Aus t in  - LLL 
- Bechte l  A.  Lundberg - LLL 
- Bechte l  L. Owen - LLL 
- Bechte l  G. E. Ta rd i f f  - LLL 
- Ben Holt  , W. 0. Jacobson - SDG&E 
- LBL 

S t a t u s  -- 
Bechte l  had completed t h e  conceptua l  des igns  and c o s t  estimates f o r  t h e  f l a shed  
steam energy convers ion  p rocesses  and had t r ansmi t t ed  a l l  drawings and c o s t  
estimate t a b l e s  t o  SDG&E and Ben Holt  l a s t  week. Ben Holt  had completed the  
c o s t  estimates f o r  t h e  b ina ry  energy convers ion  processes  and had t r ansmi t t ed  
them t o  SDG&E and Bechte l  two days b e f o r e  t h i s  meeting. All drawings had not  
y e t  been completed and,  t h e r e f o r e ,  t h e  Bechte l  review of t h e  b ina ry  processes  
had not  been completed. 

Discuss ion  and Conclusions 

1. 300F minimum I n j e c t i o n  Temperature: The c o s t  estimates were reviewed 
and i t  w a s  determined t h a t  f o r  bo th  t h e  f l a s h e d  steam and t h e  b ina ry  
p rocesses  t h e  busbar  energy product ion  c o s t s  f o r  t h e  300F minimum in-  
j e c t i o n  temperature  cases were h ighe r  t han  t h e  no minimum temperature  
cases. It was agreed t h a t  t h e  300F minimum i n j e c t i o n  temperature  cases 
would b e  dropped from f u r t h e r  cons ide ra t ion .  
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2. 

3. 

4 .  

5 .  

6 .  

7. 

8. 

9 .  

Flashed Steam vs. Binary Process :  The c o s t  estimates w e r e  reviewed 
and t h e  r i s k s  involved i n  t h e  f l a s h e d  steam and t h e  b ina ry  p rocesses  
were d i scussed .  Based on g e n e r a l l y  lower busbar  energy c o s t s  and 
lower o v e r a l l  r i s k s ,  i t  w a s  agreed t h a t  f u t u r e  GLEF a c t i v i t y  should 
be d i r e c t e d  p r i m a r i l y  toward the  f l a s h e d  steam process .  

Flashed Steam Process  wi th  Standby .Equipment: Bechtel  p resented  d a t a  
which i n d i c a t e d  t h a t  s i g n i f i c a n t  improvement i n  t h e  busbar energy c o s t  
would r e s u l t  f o r  t h e  f l a shed  steam process  wi th  unmodified b r i n e  i f  t h e  
des ign  inc luded  t h r e e  50% t r a i n s  of f l a s h  tanks .  It w a s  agreed t h a t  
t h i s  should become the  base  c a s e  f o r  t h e  f l a s h e d  steam processes .  

Unmodified v s .  Ac id i f i ed  Brine:  The busbar energy c o s t  f o r  t h e  f l a shed  
steam process  us ing  unmodified b r i n e  w i t h  s tandby f l a s h  t anks  w a s  shown 
t o  be s l i g h t l y  lower than  t h a t  of t h e  f l a shed  steam process  us ing  ac id-  
i f i e d  b r i n e .  It w a s  agreed t h a t  t h e  primary emphasis i n  f u t u r e  GLEF 
t e s t i n g  should be placed on t h e  unmodified b r i n e  case, b u t  t h a t  t h e  
a c i d i f i e d  b r i n e  o p t i o n  should be kep t  open. 
are  r equ i r ed  t o  o p e r a t e  wi th  a c i f i d i e d  b r i n e ,  r e b u i l d i n g  t h e  GLEF t o  
run  t h e s e  would be ve ry  expensive.  It w a s  agreed t h a t  t h e  most c o s t  
e f f e c t i v e  approach would probably b e  t o  o p e r a t e  t h e  GLEF w i t h  unmod- 
i f i e d  b r i n e  and c o n s t r u c t  a small-scale dua l  f l a s h  loop t o  o p e r a t e  wi th  
w i d i f i e d  b r i n e .  A poss ib ’ l i t y  would be f o r  LLL t o  c o n s t r u c t  and oper- 
a t e  t h e  smal l - sca le  loop a t  t h e i r  c u r r e n t  s i t e  next  t o  t h e  GLEF. 

S ince  h igh  c o s t  materials 

Energy Cost Analyses:  Due t o  p o s s i b l e  d i f f e r e n c e s  i n  methodology used 
by Bechte l  and Ben Holt  i n  c a l c u l a t i n g  busbar  energy c o s t s ,  Bechtel  w i l l  
r u n  a check by c a l c u l a t i n g  t h e  energy c o s t  f o r  one b i n a r y  c a s e  us ing  
the  Ben Holt  c a p i t a l  c o s t s  and o t h e r  i npu t  d a t a .  

M i s t  E l imina to r s  v s .  Scrubbers:  The c u r r e n t  conceptua l  des ign  f o r  t h e  
f l a s h e d  steam processes  inc lude  m i s t  e l i m i n a t o r s .  Bechte l  i n d i c a t e d  
t h a t  t h e  c o s t  of m i s t  e l i m i n a t o r s  i s  ve ry  similar t o  t h a t  of s c rubbe r s  
and t h a t  t h i s  would be  i n d i c a t e d  i n  t h e  Phase I r e p o r t .  It w a s  agreed 
t h a t  no change should be  made i n  thk conceptua l  des ign  f o r  t h e  purposes  
of t he  Phase I r e p o r t .  However, i t  w a s  a l s o  agreed t h a t  performance of 
of t h e s e  dev ices  under t r a n s i e n t  c o n d i t i o n s  would be impor tan t  and t h a t  
Harry B i s h i p  should be contac ted  t o  o b t a i n  the l a t e s t  in fo rma t ion  on 
scrubber  performance a t  t h e  GLEF. The r i s k  a n a l y s i s  s e c t i o n  of t h e  Phase I 
r e p o r t  should i n d i c a t e  t h e  imporatance of sc rubbing  and t h e  Recommended 
GLEF Act iv i t ies  s e c t i o n  should i n c l u d e  tests of bo th  m i s t  e l i m i n a t o r s  
and scrubbers .  

Sand Traps: It w a s  agreed t h a t  Bechtel  w i l l  check wi th  Magma on the  
need f o r  sand t r a p s  i n  t h e  b r i n e  product ion  l i n e s .  

Product ion  and I n j e c t i o n  Well Arrangement: LLL i n d i c a t e d  some reser- 
v a t i o n  r ega rd ing  t h e  arrangement of t h e  i n j e c t i o n  w e l l s  i n  r e l a t i o n  t o  
t h e  product ion  w e l l s .  It w a s  agreed t h a t  LLL w i l l  d i s c u s s  t h i s  w i th  
Magma, b u t  t h a t  t h e  p re sen t  l a y o u t  w i l l  be  used f o r  t h e  Phase I r e p o r t .  

O u t l i n e  of Phase I Report:  It w a s  agreed t h a t  Bechtel  w i l l  p r epa re  
an o u t l i n e  of t h e  Phase I In t e r im Report  and send c o p i e s  t o  SDG&E and 
Ben Hol t .  
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10.  Risk  Analys is  and Recommended GLEF A c t i v i t i e s :  It w a s  agreed t h a t  
Ben Holt  w i l l  t a k e  the  l e a d  i n  p repa r ing  t h e  Risk  Analys is  f o r  t h e  
Phase I r e p o r t  and t h a t  Bechte l  w i l l  t ake  t h e  l ead  i n  p repa r ing  t h e  
Recommended GLEF A c t i v i t i e s .  S ince  Bechte l  had a l r e a d  begun t o  pre- 
p a r e  a d r a f t  l i s t  of r i s k s ,  i t  was a l s o  agreed t h a t  Bechtel  would com- 
p l e t e  t h e  l i s t  and t r a n s m i t  i t  t o  a l l  s tudy  p a r t i c i p a n t s  f o r  review 
and comment. 

11. P r o j e c t  Schedule: A t a r g e t  d a t e  f o r  completing t h e  d r a f t  of t h e  Phase I 
In t e r im Report  w a s  set a t  March 1, 1978.  However, i t  w a s  recognized 
t h a t  t h i s  i s  a ve ry  t i g h t  schedule  and t h a t  any s i g n i f i c a n t  problems 
would cause  t h e  t a r g e t  d a t e  t o  s l i p .  

'dJ. W .  Hankin 
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CONFERENCE NOTES 

F e a s i b i l i t y  Study of a Geothermal Power P l a n t  
a t  t h e  Sa l ton  Sea KGRA 

D i s t r i b u t i o n :  Date of Conference: March 29, 1978 

A. J. Bowles - 
T. R.  F i c k -  - 
J. W. Hankin - 
S. B. Hebbar - 
A. Renton - 
A. N .  Rogers - 
T. E. Walsh - 
Y. C .  Wong - 
B. Holt  - 
A. Sims - 
M. Scheve - 
K. F.  Mirk - 
R. L.  Fu l ton  - 
A. L.  Aus t in  - 
G. E. Ta rd i f f  - 
J. Fea the r s tone  - 
T. C .  Hinr ichs  - 
W. 0. Jacobson - 
K. McKinnon - 
J. M. Nugent - 

Attendance: 

Bechtel  Locat ion:  SDG&E, San Diego 
Bec h t  e l  
Bechtel  Sub j ec t : Cost E s t i m a t e s  
Bechtel  
Bechtel  Prepared by: J. W. Hankin 
Bechtel  
Bechte l  
Bechtel  
Ben Holt  
Ben Holt  
DOE 
LBL 
LBL 
LLL 
LLL 
Magma 
Magma 
SDG&E 
SDG&E 
SDG&E 

A. J. Bowles - Bechtel  
J. W. Hankin - Bechtel  
Y .  C .  Wong - Bechtel  
A .  S i m s  - Ben Holt  
W. 0. Jacobson - SDG&E 

J. M. Nugent - SDG&E 
K. McKinnon - SDG&E 

1. General  

It w a s  agreed t h a t  Bechtel  and Holt  w i l l  p r epa re  c a p i t a l  c o s t  estimates 
i n  a format  usab le  by SDG&E as inpu t  t o  t h e  SDG&E computer program and 
t h a t  SDG&E w i l l  then  compute t h e  bus b a r  energy product ion  c o s t s ,  i n -  
c lud ing  e s c a l a t i o n .  Assumptions and changes t h a t  were agreed upon i n  
o rde r  t o  o b t a i n  t h e  d e s i r e d  format and a l s o  t o  improve t h e  c o s t  estimates 
are d e t a i l e d  i n  t h e  fo l lowing  paragraphs.  Otherwise,  t h e  c o s t  estimates 
w i l l  be  prepared i n  accordance w i t h  Appendix A ,  "Cost Es t imat ing  Metho- 
dology" t h a t  is  conta ined  i n  t h e  D r a f t  Phase I I n t e r i m  Report  da ted  
March 10, 1978. 
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2. C a p i t a l  Cost E s t i m a t e s  

2 . 1  

2 . 2  

2.3 

2.4 

2.5 

2 . 6  

2.7 

2 .8  

Equipment c a t e g o r i e s  w i l l  be uniform i n  t h e  c a p i t a l  c o s t  
estimate t a b l e s  t h a t  are prepared by Bechtel  and Hol t .  

Cons t ruc t ion  c o s t s ,  i nc lud ing  s u b c o n t r a c t s ,  w i l l  be broken 
down i n t o  l a b o r  and materials. 

Commercial o p e r a t i o n  of t h e  power p l a n t  w i l l  be assumed 
t o  begin i n  1982. 

E s c a l a t i o n  w i l l  be app l i ed  t o  t h e  c a p i t a l  c o s t s  t h a t  are 
prepared i n  f i r s t - q u a r t e r  1978 d o l l a r s .  

The e s c a l a t i o n  rate f o r  materials o r  f a c t o r y  cons t ruc t ed  
equipment w i l l  be  6 percen t  through 1984 and 4-1/2 pe rcen t  
t h e r e a f t e r .  

The e s c a l a t i o n  r a t e  f o r  c o n s t r u c t i o n  l a b o r ,  i nc lud ing  
i n d i r e c t  c o s t s ,  w i l l  be  8 pe rcen t  through 1984 and 6-1/2 
p e r c e n t  t h e r e a f t e r .  

Allowance f o r  Funds During Cons t ruc t ion  (AFDC) w i l l  be  
assumed t o  be  8 pe rcen t  p e r  annum of t h e  t o t a l  cons t ruc-  
t i o n  p l u s  owner's c o s t s  over  a pe r iod  of one- th i rd  of t h e  
c o n s t r u c t i o n  schedule .  

E s c a l a t i o n  w i l l  be  inc luded  i n  t h e  c a p i t a l  c o s t  t a b l e s .  

3 .  Opera t ion  and Maintenance Cos ts  

3 .1  

3.2 

3.3 

The e s c a l a t i o n  ra te  f o r  o p e r a t i n g  l a b o r  and materials 
w i l l  be  6 pe rcen t  through 1984 and 4-1/2 pe rcen t  t he re -  
a f t e r .  These w i l l  a l l  be  s p e c i f i e d  as f i x e d  c o s t s .  

Well f i e l d  o p e r a t o r s ' ,  r o u s t a b o u t s ' ,  e l e c t r i c a l  and 
in s t rumen ta t ion  t e c h n i c i a n s ' ,  mechanics ' ,  mechanical 
and w e l l  eng inee r s '  salaries and a s s o c i a t e d  overhead 
p l u s  o p e r a t i n g  chemicals  and o t h e r  materials f o r  a base  
case f i e l d  of 6 product ion  w e l l s  and a s s o c i a t e d  i n j e c -  
t i o n  w e l l s  w i l l  be  $150,000 t o t a l  p e r  year .  

The o r i g i n a l  number of bo th  product ion  and i n j e c t i o n  
w e l l s ,  i nc lud ing  s p a r e s ,  w i l l  be rep laced  once du r ing  
t h e  l i f e  of t h e  p l a n t .  The replacement w e l l s  w i l l  be 
i n s t a l l e d  l i n e a r l y  over  t h e  p l a n t  l i f e t i m e .  Addi t iona l  
w e l l s  t o  account  f o r  t h e  p r o j e c t e d  dec rease  i n  f low per  
w e l l  w i th  t i m e  w i l l  no t  be  r equ i r ed  s i n c e  i t  i s  assumed 
t h a t  t h e  product ion  w e l l s  being r ep laced  are those  having 
t h e  lowest  f low rates. 
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3.4  Annual w e l l  f i e l d  maintenance expense w i l l  i n c l u d e  0.5 
p e r c e n t  of  t h e  c a p i t a l  c o s t  of t h e  s u r f a c e  f a c i l i t i e s  
f o r  bo th  product ion  and i n j e c t i o n  w e l l s ,  p l u s  $40,000 
p e r  i n j e c t i o n  w e l l  f o r  rework. No rework w i l l  be  
inc luded  f o r  product ion  w e l l s ;  d e f e c t i v e  w e l l s  a re  
assumed t o  be  r e p l a c e d .  

3.5 Bechtel  and Holt w i l l  review t h e  o p e r a t i n g  c r e w  r e q u i r e -  
ments f o r  t h e  power p l a n t .  

4 .  Energy C o s t s  

4 . 1  For S t a t e  t a x  purpose,s, equipment l i f e t i m e  w i l l  be  
assumed t o  be  28 y e a r s .  

4 . 2  For F e d e r a l  t a x  purposes ,  equipment l i f e t i m e  w i l l  b e  
assumed t o  b e  23 y e a r s .  

4 . 3  For book d e p r e c i a t i o n ,  equipment l i f e t i m e  w i l l  be  assumed 
t o  be  30 y e a r s .  

, .  
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