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-- In t roduct ion  Tlie Idaho Nat iona l  EnEineering 
Laboratory gcothcrnuil programs have brc-n geared 
to tlie y t i l i z i i t i o n  of modcrate tcmperature hy- 
drothcrmal rcsoiirces (soy 280°F to 35OOF) .  An 
outgrowth of  t h i s  work has bccn t h e  design of 
a SHW(e) binary c y c l e  p i l o t  p l a n t  to be b u i l t  
I n  t h e  Raft River v a l l e y  i n  Idaho. This  p l a n t  
w i l l  u t i l i z e  state-oE-thc-art componwts but  
w i l l  employ a dua l  b o i l i n g  power c y c l e  using 
isobutane as a working f l u i d .  I t  w i l l  be de- 
s igned  t o  take  maximum advantage o f  t h e  low 
average seasonal  tcmperaturcs  and w i l l  conta in  
s u f f i c i e n t  ins t rumenta t ion  and d a t a  a q u i s i t i o n  
equipment t o  o b t a i n  a c c u r a t e  pcrformancc data .  
In  a d d i t i o n ,  some of  the  l a r g e  h e a t  exchangers 
conta in  s p e c i a l  ins t rumenta t ion  t o  o b t a i n  de- 
t a i l s  of t h e i r  performance. 

Design was completed on this f a c i l i t y  in Jan- 
uary 1978. Cons t ruc t ion  is scheduled to  s tar t  
August 1978. P l a n t  s t a r t u p  and o p e r a t i o n  are 
scheduled f o r  J u l y  1980. 
t i o n s  of this paper provide a d e t a i l e d  descr ip-  
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l y  s t u d i e d  f o r  moderate temperature  power a p p l i -  h w u  - CM. 
ca t ions .  It w a s  found t h a t  t h e  d u a l  b o i l i n g  
c y c l e  tiad s i g n i f i c a n t l y  b e t t e t  performance than 
e i t h e r  t h e  s i n g l e  b o i l c r  c y c l e  or a supercr i -  
t i ca l  c y c l e  when resource  temperatures  were 
about  300°F or below. 

Figure 1 is a diagram OF t h e  dua l  boiling cycl 
The state p o i n t s  are those  r e s u l t i n g  from o p t i  
mizat ion using n 290°F rcsource [I]* which is 
t h e  design geOfl1Iid temperature  s c l c c t c d  f o r  
t h e  Raft  River  5blw p i l o t  p l a n t .  

Figure 1 - Dual Boi l ing  Cycle 

erformance s t u d i e s  have shown t h a t  i n  t h e  mod- 
rate temperature range t h e  dua l  b o i l i n g  c y c l e  
e s u l t s  in better geofluid u t i l i z a t i o n  than 
i t h e r  t h e  s u p c r c r i t i c a l  or the  s i n g l e  b o i l c r  
yc lcs .  The improvement is about 23% for a 

o merit i n  thc  use of  dua l  b o i l i n g  cycles .  

e system has been designed to take  mximirrn 
vantage of t h e  seasonal  v a r i a t i o n s  i n  ambient 
mpcraturc. 
t bulb temperature ,  wliicli corrcsponds to a 
% condi t lon ,  is iuS0F (78 psln).  

Condensing condi t ions  f o r  a 6 5 O F  

A t  minimum 
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t o  opcra tc  over  a widc rangc o f  anihicnt candi- 
t ions.  
g ross  at en ambicnt wet bulb o f  hSuF. Up to  
7.4.W(e) gross p n  bc gcncratcd at  1owcr.am- 
bicnt  trmpbraturcs. A breakdown of t h c  hc-at 
loads  ond power requirements based upon t h e  
nomfnal 5YW(c) case  is givcn i n  l a h l e  I. 

Table I - Heat and Power R9J- 

The nominal design pofnt is 5MW(c) 

Nw - 
.Heat Addition 

L.P. Prehcatcr  
L.P. Boi le r  

H.P. E o i l c r  
s H.P. Prehea ter  

Bent Reject ion 
Condenser 
Turbine Work 

- .  
14.0 
10.0 
8.5 

12.5 
Totar  45.0 

- 

40 
5 

Turbine Gross Power 5 

Feed Pump 0.71 
Cooling Tower 0.59 
Geothermal Booster 

0.14 Pump - 
T o t a l  Losses 1.44 

Set  Power h'ominal Condition 3.56 

Physical and De&?, Descrip n The l o c a t i o n  
of t h e  f a c i l i t y  i n  Idaho and t h e  gener 
rangement is shown i n  Figure 2. . 
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Bccntrsc o f  t l ic .  flnmmablc workinl: f l u i d .  t h e  
system is dcnigricd us fn j ;  tlw Nat1on:il fires Pro- 
t e c t f o n  Associat ion (NFI 'A)  St:tndarcl:; as t h c  
governing cotlc. Power 1'1:ititcs arc not s p e c l f i -  
c a l l y  included i n  t h e  f a c i l i t i e s  covcrctl by the 
codc. NFPh No. 59, "Stnridards fu r  t h c  Storage 
and Hand1 ing o f  Liqu-I f i r d  PeLrolruin Cases a t  
U t i l i t y  Cas Plnnts"  was s c l c c t e d  a5 the  govcrn- 
i n g  s p c c i f i c a t i o n  suppl cmcmted by thc  ASME 
Boiler and Pressure  Vcsscl Codc (Scrt lot i  VlII) ,  
t h e  Power Piping Codc ( A N S I  31.1) and the Rc- 
f i n e r y  P ip ing  Codc (ANSI R31.3). 

The geothermal systrms have a design pressurc  
and tempcrntiirc of  250 p s i g  and 320°F. 
isobutnnc syslt-m, except. f o r  t h e  condenser, dc- 
s i g n  condi t ions  arc 650 p s i g  and 320°F. 
condcnser is dcsigncd t o  t h e  lower condi t ions  
of 230 p s i g  and 2SO°F. 

The design p r c s s u r c s  wcrc s e l c c t e d  t o  permit  
t h e  use of propane as a working f l u i d .  
thermodyiiaiiic p o i n t  of view, t h e  Raft River re- 
source  temperature  is a t  t h c  poin t  where the  
p r e f c r r c d  vorking f l u i d  changes from isobutanc  
t o  propane [3J. 

Coiuponent Descr ip t ions  
pumping is provided by two p a r a l l e l  v c r t i c a l  
t u r b i n e  pumps r a t e d  a t  1514 f t  and 1747 gpm 
each. Each pump has six s t a g e s  and a 500 hp 
motor. 
is 78 percent .  
minimum condenser pressure  of  42 ps ia .  
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Fced Pumps - The feed 

The pump e f f i c i e n c y  a t  r a t e d  condi t ions  
The pumps are s i z e d  f o r  t h e  

Geothernal _I Roost m s  - The geothermal 
boost pump provSdes t h e  hcsd requi red  t o  pump 
t h e  geothermal f l u i d  through t h c  h e a t  exchang- 
ers and through the. t ransmission l i n e s  to the 
i n j e c t i o n  pumps. Two p a r a l l e l ,  v e r t i c a l - s p l i t -  
case c e n t r i f u g a l  pumps (each wJth a head of 
272 f t  a t  a f low o f  1115 gpm, an e f f i c i e n c y  a t  
t h i s  o p e r a t i n g  poin t  of 80.5 and d r i v e n  by a 
125 hp electric motor) pro,vidc t h i s  c a p a b i l i t y .  

The heat  exchangcr charac- 
teristics are deFincd i n  t h e  fol lowing tebula-  
t i o n s  : 

Figure 2 - L i f t  






