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KBSTKACT 

A 5 0 0  kW p o w e r p l a n t  u t i l i z i n g  a d i r e c t  
c o n t a c t  h e a t  e x c h a n g e r  (DCHX) b e t w e e n  t h e  
g e o t h e r m a l  b r i n e  and t h e  i s o b u t a n e  working  
f l u i d  i s  n e a r i n g  c o m p l e t i o n  a t  t h e  East Mesa 
Component Test  F a c i l i t y .  The primary purpose 
of t h e  p l a n t  i s  t o  e v a l u a t e  t h e  pe r fo rmance  
p o t e n t i a l  of t h e  d i r e c t  c o n t a c t  sys t em i n  a 
s i z e  much l a r g e r  t h a n  t h e  s m a l l  e x p l o r a t o r y  
u n i t s  t h a t  have been t e s t e d  t o  da t e .  Thermo- 
dynamic performance of DCHX b inary  power systems 
has been demonstrated i n  smal l  10 kW resea rch  
t e s t  r i g s  (Refs. 1 ,  2,  and 3 ) ,  however, charac-  
t e r i s t i c s  t h a t  a f f e c t  t h e  economics and prac- 
t i c a l i t y  of l o n g  t e rm o p e r a t i o n  need t o  be  
e v a l u a t e d .  Three  f a c t o r s  i n f l u e n c i n g  p l a n t  
pe r fo rmance  and c o s t  are: 1 )  t h e  c o n t r o l  of 
noncondensables t h a t  contaminate  the  power cyc le  
condenser ,  2 )  t h e  equipment requi red  t o  l i m i t  
work ing  f l u i d  l o s s e s ,  a n d  3 )  t h e  c o n t r o l  of 
s c a l i n g  o r  pe r fo rmance  r o b b i n g  d e p o s i t s  i n  
c r i t i c a l  components .  These  f a c t o r s  a r e  n o t  
u n r e l a t e d  and c o n t r o l  of one  o f t e n  i m p a c t s  
c o n t r o l  of t h e  o the r  two. Operat ing da ta  and 
r e s e a r c h  w i t h  t h e  500 kW p i l o t  p l a n t  s h o u l d  
d e n o n s t r a t e  a s o l u t i o n  t o  a l l  t h r e e  o f  t h e s e  
f a c t o r s  and provide des ign  g u i d e l i n e s  f o r  l a r g e r  
p l a n t s .  

INTRUDUC T ION 

The p l an t  des ign  i s  f o r  a system t h a t  w i l l  
produce a n e t  500 kW wi th  t h e  h ighes t  u t i l i z a t i o n  
f a c t o r  c o n s i s t e n t  w i t h  p r o v e n  concepts and 
previous  exper ience  u t i l i z i n g  b r ine  from East 
Mesa w e l l  8-1. U t i l i z a t i o n  f a c t o r  r e f e r s  t o  t h e  
power produced  p e r  pound of b r i n e  (W-hr / lb) .  

Theruodynamic c y c l e  a n a l y s i s  was performed 
t o  s e l e c t  t h e  most promising working f l u i d  and 
c y c l e  state poin t  cond i t ions .  The c y c l e  s t u d i e s  
were supported by independent groups wi th  DCHX 
exper ience  t o  a s s u r e  a maximum experience inpu t  
i n t o  t h e  c y c l e  s e l e c t i o n .  The c y c l e  s t u d i e s  
were based on t he  p i l o t  p l a n t  u t i l i z i n g  340'F 
b r i n e  f r o m  E a s t  Mesa w e l l  8-1.  The c y c l e  
s e l e c t e d  f o r  t h e  p i l o t  p l a n t  u ses  i sobutane  a t  a 
peak c y c l e  temperature  of 250°F. The se l ec t ed  

condenser and w i l l  produce 5.5 W-hr/lb of b r ine  
flow. 

e 

1 c y c l e  w i l l  have a n  e f f i c i e n c y  of 8.9% wi th  a 94°F 

The p l an t  b r ings  t h e  incoming b r i n e  through 
a sand t r a p  and C O ~  s e p a r a t i n g  v e s s e l ,  boos t s  
t h e  p re s su re  of t h e  b r i n e  f o r  i n j e c t i o n  i n t o  a 
spray  column conf igu ra t ion  DCHX and r e t u r n s  t h e  
b r ine ,  a f t e r  pass ing  i t  through a working f l u i d  
r e c o v e r y  s y s t e m ,  t o  a f a c i l i t y  pond f o r  re- 
i n j e c t i o n .  The i sobutane  (IC4) working f l u i d  i s  
pumped from t h e  hot  w e l l  t o  a h igh  p res su re  f o r  
i n j e c t i o n  a t  t h e  bo t tom of t h e  DCHX. A s  t h e  

I C 4  f l o w s  t o  t h e  t o p  o f  t h e  DCHX t h r o u g h  t h e  
d e s c e n d i n g  b r i n e ,  t h e  IC4  i s  h e a t e d ,  t h e n  
bo i l ed ,  and taken  o f f  t h e  top  of t h e  hea t  ex- 
c h a n g e r  a s  a v a p o r .  The IC4  v a p o r  pas ses  
through a s i n g l e  s t a g e  r a d i a l  in f low t u r b i n e  and 
on t o  t he  condenser where i t  i s  condensed and 
re turned  back t o  the  ho t  well .  The h igh  speed 
t u r b i n e  i s  c o u p l e d  t h r o u g h  a g e a r b o x  t o  a 60  
cyc le ,  480 v,  3-phase genera tor .  The output  from 
t h e  g e n e r a t o r  i s  used  t o  power t h e  pumps and 
o the r  suppor t  equipment, t h e  excess  be ing  t h e  n e t  
p l a n t  ou tput  of 500 kW. 

The p l a n t  i s  being cons t ruc ted  i n  modular 
form s o  t h a t  i t  can  be moved from t h e  Eas t  Mesa 
s i t e  t o  o t h e r  des igna ted  si tes f o r  a d d i t i o n a l  
t e s t i n g .  

CYCLE STUDIES 

A s t u d y  o f  thermodynamic c y c l e s  f o r  t h i s  
d i r e c t  c o n t a c t  geothermal  p i l o t  p l a n t  was made. 
The i n t e n t  of t h e  c y c l e  s t u d i e s  was t o  d e f i n e  a 
b a s e l i n e  system t h a t  would provide  the  h ighes t  
u t i l i z a t i o n  f a c t o r  c o n s i s t e n t  w i t h  p r o v e n  
concepts  and previous  exper ience .  Three f l u i d s  
were e v a l u a t e d ;  i s o b u t a n e ,  i s o p e n t a n e ,  and  
N-pentane. The c y c l e  a n a l y s i s  was made f o r  a 
sys t em t h a t  would p r o v i d e  500  kW n e t  o u t p u t  
account ing f o r  a l l  t h e  suppor t  equipment power 
r e q u i r e m e n t s  and  sys t em e f f i c i e n c i e s .  The 
r e s u l t s  of t h e  c y c l e  s t u d i e s  produced a b r i n e  
u t i l i z a t i o n  f a c t o r  d e f i n e d  as t h e  n e t  W-hr 
o u t p u t / l b  of b r i n e  f low f o r  c y c l e  s t a t e  po in t s .  

The r e s u l t s  of t hese  s t u d i e s  a r e  shown i n  
F igure  1. The curves  show a d i s t i n c t  s u p e r i o r i t y  
i n  terms of b r i n e  u t i l i z a t i o n  f o r  t he  i sobutane  
wi th  t h e  340°F Eas t  Mesa b r i n e .  The curves  a l s o  
show t h a t  a s  condensing temperature  i s  reduced, 
t h e  cyc le  e f f i c i e n c y  and system performance a r e  
improved f u r t h e r .  Because  t h e  sys t em may b e  
t e s t e d  a t  t h e  Raft  River  f a c i l i t y ,  s t u d i e s  were 
a l s o  r u n  u s i n g  R a f t  R i v e r  w e l l  c o n d i t i o n s  o f  
290°F b r i n e  and a 74°F condenser wi th  t h e  same 
system conf igu ra t ion  and component e f f i c i e n c i e s .  
A t  t h e  lower b r ine  source  temperature  t h e  per- 
formances of i sobutane  and pentane cyc le s  a r e  
nea r ly  t h e  same wi th  i sobutane  being s l i g h t l y  
h igher .  

The higher  u t i l i z a t i o n  f a c t o r  of t h e  i so -  
butane, p a r t i c u l a r l y  a t  t h e  h igher  w e l l  temper- 
a t u r e s  a t  East Mesa, i n d i c a t e  t h a t  i t  should be 
t h e  s e l e c t e d  working f l u i d .  When p l a n t  c o s t s  a r e  
c o n s i d e r e d ,  t h e  p e n t a n e  sys t em a p p e a r s  t o  b e  
s impler  and less expensive than an IC4 system. 
The pentane c y c l e s  run a t  lower DCHX p res su res ,  
e l imina t ing  t h e  need f o r  t h e  b r i n e  boost  pump and 
t h e  h y d r a u l i c  power r e c o v e r y  t u r b i n e .  The 
de l ive red  p res su re  from t h e  w e l l  i s  s u f f i c i e n t  
f o r  achiev ing  t h e  optimum pentane cyc le  temper- 
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a t u r e .  Add i t iona l ly ,  t h e  r equ i r ed  o rgan ic  feed  
pump power i s  much less f o r ' t h e  pentane  than  t h e  
IC4 system. The r e s u l t i n g  pentane  systems thus  
can  b e  designed f o r  a lower g r o s s  power l e v e l  and 
t h e  r equ i r ed  p res su re  v e s s e l s  can  be des igned  and 
b u i l t  w i th  l i g h t e r  gage materials. S ince  i n i t i a l  
i n v e s t m e n t  c o s t s  h a v e  a s t r o n g  e f f e c t  on t h e  
p r i c e  o f  g e o t h e r m a l  g e n e r a t e d  e n e r g y ,  a c o s t  
d i f f e r e n t i a l  f o r  t h e  two systems was eva lua ted  t o  
t r y  t o  e s t a b l i s h  w h e t h e r  t h e  h i g h e r  u t i l i z a -  
t i o n  f a c t o r  of t h e  IC4 system would j u s t i f y  i t s  
inc reased  complexity.  The c o s t  comparison f o r  
t h e  IC4 sys te lu  and  t h e  p e n t a n e  s y s t e m s  were 
s u r p r i s i n g  i n  view of t h e  complexity of t h e  IC4 
system and i t s  h igher  ope ra t ing  p r e s s u r e  l e v e l s .  
The a n t i c i p a t e d  sav ings  of t h e  pentane system 
over  t h e  Ic4  system were o f f s e t  by h ighe r  c o s t s  
f o r  t h e  pentane DCHX and tu rb ine .  The DCHX i s  
more expens ive  as i t  i s  much l a r g e r  i n  d iameter  
and  t h e  t u r b i n e  i s  much l a r g e r  t o  h a n d l e  t h e  
inc reased  volume flow t h a t  r e s u l t s  from t h e  low 
condensing pressure .  

The comparison between pentane and i sobutane  
systems w a s  based on s e l e c t e d  ope ra t ing  tempera- 
t u r e s  of 240°F f o r  t h e  pentane and 250°F f o r  t h e  
i sobutane .  The pentane tempera ture  was s e l e c t e d  
s l i g h t l y  pas t  t h e  optimum point b e c a u s e  o f  
improved c y c l e  e f f i c i e n c y  and p o t e n t i a l l y  lower 
condenser c o s t s  w i th  a small r educ t ion  i n  u t i l i z -  
a t i o n  e f f i c i e n c y .  The i s o b u t a n e  peak  c y c l e  
tempera ture  of 250°F w a s  s e l e c t e d  t o  l i m i t  t h e  
amount of power r equ i r ed  by t h e  pumps and, t hus ,  
t h e  g r o s s  power l e v e l  and t h e  p r e s s u r e  l e v e l s  i n  
t h e  system. The i sobu tane  tempera ture  appears  t o  
be  below i t s  optimum po in t  from a u t i l i z a t i o n  
s t andpo in t  but a t  t h e  h igher  tempera tures  and 
r e s u l t i n g  h igher  p re s su res ,  t h e  system c o s t  i s  
inc reas ing .  The c y c l e  s e l e c t e d  i s  f e l t  t o  be 
near  optimum cons ide r ing  both system c o s t  and 
performance. The process  diagram i s  shown i n  
F igu re  2. Addi t iona l  d e t a i l s  concern ing  c y c l e  
and p rocess  s t a t e  p o i n t s  are  covered i n  Reference 
4. 

PLANT LAYOUT 

C o n s t r u c t i o n  o f  t h e  p i l o t  p l a n t  w i l l  be  
modular form t o  provide  t h e  p o r t a b i l i t y  r equ i r ed  
t o  move t h e  system t o  v a r i o u s  geothermal t es t  
si tes.  The p l a n t  l ayou t  i s  shown i n  F igure  3. 
T h e r e  a r e  s e v e n  modules  i n c l u d i n g  t h e  DCHX 
component. The c o n t r o l  and power modules are 
housed i n  trailers. The electrical  equipment 
( i . e . ,  g e n e r a t o r ,  v o l t a g e  c o n t r o l s ,  s w i t c h  

g e a r ,  e t c . )  a r e  s e p a r a t e d  from t h e  i s o b u t a n e  
t u r b i n e  by a b a r r i e r  w a l l .  The e l e c t r i c a l  s i d e  
of t h e  t r a i l e r  i s  p res su r i zed  wi th  ambient a i r  t o  
e l i m i n a t e  any  i s o b u t a n e  v a p o r s  and t h e r e b y  
circumvent t h e  requirement t o  u se  explosion-proof 
equipment. The c o n t r o l  t r a i l e r  i s  p res su r i zed  
f o r  t h e  same r e a s o n .  The h o t  w e l l  and  b r i n e  
h a n d l i n g  modu les  a r e  b u i l t  on s t e e l  s u p p o r t  
frames and can  be t r anspor t ed  i n t a c t .  The DCHX 
i s  a column f o r t y  inches  i n  d iameter  and t h i r t y -  
two f e e t  high. The u n i t  can  b e  t r anspor t ed  on a 
f l a t b e d  t ruck .  The i sobu tane  s t o r a g e  module i s  
made u p  o f  f o u r  i n d i v i d u a l  1000 g a l l o n  t a n k s  
connected t o  a common manifold. The evapora t ive  
condensers make up t h e  f i n a l  module assembly. 

The p l a n t  i s  be ing  assembled on a conc re t e  
pad l o c a t e d  a t  t h e  DOE East Mesa Component Tes t  
F a c i l i t y .  The DCHX component i s  shown i n  F igure  
4. This view i s  looking  east and t h e  condenser 
modules  c a n  b e  s e e n  t o  t h e  l e f t  o f  t h e  DCHX. 
The modules are be ing  f a b r i c a t e d  a t  t h e  Barber- 
N i c h o l s  E n g i n e e r i n g  Company's f a c i l i t i e s  i n  
Arvada,  C o l o r a d o ,  and  t h e n  s h i p p e d  t o  E a s t  
Mesa. 
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Fig. 1 

Comparison of uti l ization factors 
for 5 0 0 k W  DCHX system 
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F i g .  3 

500 K W  PILOT P L A N T  SITE LAYOUT 
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F i g .  4 .  DCHX i n s t a l l e d  a t  E a s t  Mesa 
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