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ABSTRACT 

A 5MW(e) P i l o t  Geothermal Power Plant  was 
b u i l t  by the Idaho National Engineering Laboratory 
(INEL), a t  Ra f t  River, Idaho, as an i n t e g r a l  p a r t  
o f  the Department o f  Energy's p lan f o r  c o m e r c i a l  
development o f  geothermal energy. The purpose of 
the p l a n t  was t o  i n v e s t i g a t e  the technica l  
f e a s i b i l i t y  o f  u t i l i z i n g  a moderate temperature 
hydrothermal resource (275 t o  300°F) t o  generate 
e l e c t q i c a l  power i n  an environmental ly acceptable 
manneq. 
cyc le  /w i th  isobutane as the working f l u i d ,  and 
drew thermal energy from a 280°F l iquid-dominated 
resouqce. 
test i t lg ,  comparing the system performance t o  the  
perfoqmance p red ic ted  p r i o r  t o  operat ion along w i t h  
a s u q a r y  o f  operat ional  experience. 

The p l a n t  used a dua l -bo i l i ng  b ina ry  

This paper presents the  r e s u l t s  o f  t h a t  
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INTRODUCTION 

qork on geothermal programs a t  the Idaho 
National Engineering Laboratory (INEL) has focused 
on us ing low- and moderate-temperature hydro- 
therrndl resources. A major p o r t i o n  o f  the work 
was the design, const ruct ion,  and operat ion of a 
b inary-cyc le  p i l o t  power p l a n t  w i t h  a nominal 
gross  rating o f  5MW(e), l oca ted  i n  the R a f t  River  
Val ley o f  Southern Idaho. Figure 1 shows the  
l o c a t i o n  o f  the p lan t .  
the  ptoduction w e l l s  used, and RRGI-6 and 7 ,  t h e  
i n j e c t i o n  w e l l s  used f o r  the p lan t .  

RRGE-1, 2, and 3 represent 
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Figure 1. 
5MW(e) Geothermal Power Plant  

The purpose o f  b u i l d i n g  t h i s  p l a n t  was t o  

Location o f  the Ra f t  River  

gain operat ional  experience and demonstrate the 

NOTICE 

technica l  f e a s i b i l i t y  o f  generating e l e c t r i c  
power from a moderate-temperature (275-300°F) 
dua l -bo i l i ng  power cyc le  i n  an environmental ly 
acceptable manner using isobutane as the working 
f l u i d  and us ing s ta te -o f - the -a r t  components. 
in format ion and general operat ional  experience 
would be app l i cab le  t o  any b ina ry  cyc le  p l a n t  
i nc lud ing  geothermal, so la r ,  and waste heat 
bottoming cycles. The p l a n t  was designed t o  take 
maximum advantage o f  the low ambient temperatures 
occurr ing i n  the Intermountain reg ion by operat ing 
i n  a f l o a t i n g  power mode, thereby enabling the  
p l a n t  t o  produce more power i n  t h e  w in te r  months 
than a t  t he  summer design cond i t i on .  
designed t o  use t rea ted  g e o f l u i d  f o r  p l a n t  heat 
r e j e c t i o n  i n  the wet coo l i ng  towers t o  ga in 
experience f o r  geothermal p lan ts  located i n  
environments where water i s  scarce. 

The 

I t  was a l so  

PORTIONS OF THIS REPORT ARE ItbEGIBLE. 
It has been repreduced from the best 
available copy to permit the broadest 
possible availability. 

When the  p r o j e c t  was conceived, the plant, was 
t o  be run  f o r  a f ive-year  per iod o f  t e s t i n g  and 
operat ional  evaluat ion.  ,References 1 and 2 
describe the  t e s t  p lan i n  d e t a i l .  When the 
Department o f  Energy (DOE) s h i f t e d  i t s  goals from 
demonstration p ro jec ts  t o  more bas ic  research, 
p l a n t  operations were f i r s t  c u t  back t o  two years 
and l a t e r  t o  a s ta r t -up  and shake-down run i n  the 
f a l l  o f  1981, continued shakedown and a sequence 
o f  performance t e s t s  i n  the sp r ing  o f  1982, and a 
f i n a l  shutdown June 15, 1982. Reference 6 gives 
a more d e t a i l e d  desc r ip t i on  o f  the p lan t ,  per for -  
mance a n a l y s i s ,  and operational experience. 

This work was supported by the U. S .  Depart- 
ment o f  Energy, Deputy Ass is tant  Secretary fo r  
Renewable Energy, Geothermal and Hydropower D i v i -  
sion, under con t rac t  #DE-AC07-76IDO-1570. 

POWER CYCLE SELECTION AND DESCRIPTION 

A v a r i e t y  o f  working f l u i d s  and cycles were 
i n i t i a l l y  s tud ied f o r  t h i s  moderate temperature 
resource app l i ca t i on .  
b o i l i n g  cyc le  had a s i g n i f i c a n t l y  b e t t e r  pe r fo r -  
mance than e i t h e r  the s ino le  b o i l i n g  cyc le  o r  the 
s u p e r c r i t i c a l  cyc le  w i t h  isobutane working f l u i d  
when the  resource temperature was below 300°F. 
Figure 2 shows a s i m p l i f i e d  schematic diagram o f  
the p l a n t  i nc lud ing  s t a t e  p o i n t  numbers. 
f i gu re ,  the th ree  primary systems are shown, bu t  
w i t h  bypass, r e c i r c u l a t i o n ,  makeup, blowdown, vent, 
and f i l l  l i n e s  omitted. 

I t  was found t h a t  the dual- 

I n  t h i s  
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Figure 2. Schematic Diagram o f  the Plant  

Based on a 290°F l i q u i d  geothermal resource 
a t  the p lan t ,  a design base case was establ ished; 
Tables 1 and 2 g i ve  the nominal s t a t e  p o i n t  and 
f l ow  values and a heat-power balance f o r  the 
design ambient cond i t i on  (65OF wet bu lb tempera- 
tu re ) .  Experimental r e s u l t s  are a l so  shown i n  
these tab les.  

The pressure of the g e o f l u i d  enter ing the 
p l a n t  was increased using a geothermal boost pump 
t o  account f o r  the pressure losses w i t h i n  the 
p l a n t  as the g e o f l u i d  flowed through the heat 
exchangers and associated p ip ing  and valves. The 
g e o f l u i d  flowed i n  ser ies through the h igh 
pressure b o i l e r ,  the h igh temperature preheater, 
and low pressure b o i l e r  and the  low temperature 
preheater. 

l i q u i d  was taken from the condensate storage tank 
and pumped t o  the pressure o f  the h igh pressure 
b o i l e r .  The e n t i r e  isobutane f l ow  passed through 
the low temperature preheater e x i t i n g  a t  around 
180°F. A t  t h i s  p o i n t  the f l ow  was s p l i t ;  approxi 
mately two- th i rds went through the h igh  tempera- 
t u r e  preheater and the h igh pressure b o i l e r ,  and 

I n  the isobutane loop, s l i g h t l y  subcooled 

Table 1 .  Flow and State Point Data 

Baseline & n l T e s t  1A) 
Isobu tane cooling Mater Geofl u i d  I sobu t i n e  Cooling Uater 
Oesign- 

EG3E7 d 

Mass Flow Rates ( I h / h r )  

W1 * 1.04 x IO6 Y2 = 6.13 x 105 W = 7.53 x IO6 Y1 * 1.00 x lo6 Y2 * 5.37 x I O 6  U4 5.94 x I O 6  
w3 = 3.21 105 u3 = 3.36 105 

Temperatures " F  (saturat ion pressure. psla)  

14 105 40 75 4 279 
1 7  inn 

w: For Design Case: ret bulb temperature MS 65'F 
wet bulb t m p r a t u r e  M S  36OF For Baseline Case: 

Table 2. Power Balancer 

Pc,wer Balance i n  Megawatts % 
Heat Addition 

Low temperature preheater 14.0 
Low pressure b a i l e r  10.0 
High temperature Preheater 8.5 

12.5 Hign pressure b a i l e r  - 
iOTAL 45.0 

Heat Rejection 
Condenser 

Turbine Power 

Parasit ic  Power 

40.7 

5.0 

Feed pmo 0.7 
Cooling tower fan and pump 3.6 
Geafluld boost pump a.l 
TOTAL 

- 
1.4 

Net Plant  Power 3.6 

Saseline Run 
(Test IA )  

11.7 
8.3 
9.8 

10.0 
30.3 
- 

36.9 

4.0 

0.6 
0.5 

1 .2  
0.l 

2.8 

Production - icll Pumps 0.8 0.8 
k j e c t i o n  - Hell PIXDS 0 2  
NET POWER 2 . 4  1.6 

the other  t h i r d  went through the low pressure 
b o i l e r  a f t e r  passing through a con t ro l  va lve which 
decreased i t s  pressure t o  the proper magnitude. 
This con t ro l  va lve operated t o  mainta in  the l i q u i d  
l e v e l  i n  the  b o i l e r .  The h igh temperature pre- 
heater heated the l i q u i d  isobutane t o  approxi- 
mately 240°F. The l i q u i d  was vaporized i n  the  
h igh pressure b o i l e r  and the vapor flowed t o  the 
h igh pressure t u r b i n e  wheel. S i m i l a r l y ,  the 
l i q u i d  vaporized i n  the low pressure b o i l e r  f lowed 
t o  the low pressure tu rb ine  wheel. 
made t o  recover the ava i l ab le  energy l o s t  by 
t h r o t t l i n g  the l i q u i d  f l ow  i n t o  the  low pressure 
b o i l e r .  
t u rb ine  casing before they went t o  the condenser. 
I n  the condenser, t he  condensed vapor was s l i g h t l y  
subcooled before i t  was returned t o  the condensate 
storage tank. 

The coo l i ng  water which received the energy 
given up by the condensing isobutane vapor flowed 
through the ccndenser w i t h  approximately a 20°F 
temperature r i s e .  The coo l i ng  water then flowed 

No e f f o r t  was 

The two vapor streams mixed w i t h i n  the 
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Turbine-Generator 

The turbine uti l ized the barrel design. This 
design was easy t o  seal for high-pressure service, 
and f ac i l i t a t e s  disassembly and reassembly for 
maintenance. The rotor had two radial inflow 
wheels, and operated a t  8000 rpm. Because the 
flows from the low and high pressure in le t s  were 
combined to a comnon out le t ,  the aerodynamic 
thrust  load was low. 

The generator was rated a t  7200kW, 7579 kVA, 

The 
1200 rpm synchronous speed, and e lec t r ica l  
conditions of three-phase, 60 Hz and 4160 V .  
generator design power factor was 0.9. 

Supply and Injection System 

Geofluid was supplied t o  the operating plant 
from three production wells, RRGE-1, 2, and 3. 
The spent geofluid was reinjected into wells 
RRGI-6 and 7. All of the l ines in the supply and 
injection system were made of cement-asbestos pipe 
w i t h  transit ion to steel  pipe a t  the wells, a t  
the plant, and a t  a manifold into which the 
individual production-well pipelines joined. The 
pipe was buried to a depth of about 2-1/2 f t .  
supply l ines were insulated w i t h  urethane foam t o  
l imit  the temperature d rop  t o  l ess  than 1.5"F per 
mile. Figure 1 shows the location of the wells 
relative to  the plant. 
production wells to the plant covered about one 
mile in length, and the l ine  from the plant t o  the 
injection wells was about 1.8 miles. 

production well. A t  each injection well, the l ine 
dumped into a pond, and then the geofluid was 
pumped from the pond and injected with individual 
pumps. 

The 

The pipeline for  the 

Line-shaft pumps were installed in each 

PERFORMANCE ANALYSIS 

The plant was tested over a period of three 
months. The t e s t s  consisted primarily of v a r y i n g  
the geothermal in l e t  and cooling wat r conditions 
to determine system performance.(l*2! In addi- 
tion t o  the system performance, t h e  behavior of 
the individual components was investigated. The 
changes i n  i n p u t  conditions allowed for a wide 
range of operating conditions for the individual 
components. 

Component Performance 

The data from the 17  different t e s t s  
indicated some deficiencies in the performance of 
the pumps. 
head r i s e  approximately f ive  t o  six percent lower 
than the manufacturer's t e s t  curve indicated for a 
given flow. This was a c r i t i ca l  deviation because 
a higher than expected pressure drop  was found t o  
ex is t  in the p i p i n g  between the pump and the high 
pressure boiler. The resu l t  was the inabi l i ty  to 
supply the boiler with the desired amount of 
isobutane a t  the rated geofluid flow; the impact 
will be discussed under System Performance. 

The geofluid boost  pump operated a s  specified, 

Pumps. 

The isobutane feed pumps produced a 

t h r o u g h  a wet cooling tower in which the energy 
was rejected t o  the atmosphere. 
water was used for  cooling water makeup. 

Treated geothermal 

COMPONENT DESCRIPTIONS 

Pumps 

The working fluid pumping was provided by 
two parallel vertical turbine pumps a t  1515 f t  and 
1747 gpm each. Each pump had six stages and a 500 
h p  motor. The pump efficiency a t  rated conditions 
was specified a t  78 percent. The pumps were sized 
for the m i n i m u m  condenser pressure of 42 psia. 

required t o  pump the geofluid through the heat 
exchangers and through the transmission l ines to  
tile injection pumps. Two para l le l ,  ver t ica l - sp l i t  
case centrifugal pumps (each w i t h  a head of 272 f t  
a t  a flow of 1115 gpm, a design efficiency of 
80.5 percent, and driven by a 125 h p  e l ec t r i c  
motor) provided th i s  capability. 

The pumping required to move the cooling 
water t h r o u g h  the condenser and cooling tower was 
provided by two parallel vertical  turbine pumps. 
A t  rated conditions each pump provided 7700 gpm of 
water a t  125 f t  head. A t  these conditions the 
efficiency was specified as 83 percent. Each pump 
was driven by a 300 h p  motor. 

Heat Exchangers 

summarized in the following table: 

Heat Exc2anger ( f t 2 )  JtJ- 

Lou temwrature 3O.03ga 49 50 43 

Low pressure 5.938 42 33/60 20 

The geothermal boost pumps provided the head 

The heat exchanger characterist ics are 

Surface Area Length Diameter W i g h t  

preheater 

b o i l e r  

prehelter  
High pressure 5.938 42 33/68 20 
b o i l e r  
Condenser 59.996 50 ea 140 

aExtended Surface 

High temperature ~ ~ . o ~ 9 a  SO 35 22 

The tube material for  a l l  geothermal fluid heat 
exchangers was admiralty brass. The tube sheets 
were aluminum bronze clad carbon s t ee l .  
geothermal side fouling factor was assumed to be 
0.0015 h r  f t 2  F / B t u ,  and 0.0005 h r  f t 2  F / B t u  was 
used on the isobutane side. The condenser was 
made of carbon steel  throughout, including the 
tubes. For design of the condenser, the cooling 
water side fouling factor was taken as  0.0010 hr 
f t 2  F / B t u ,  and a n  isobutane side fouling factor 
of 0.0005 hr f t 2  F/Btu was used. 

Cooling Tower 

mechanical d ra f t ,  wet u n i t .  Each of the 40 by 
70-ft ce l l s  was equipped w i t h  a fan which had an 
80 hp motor. The tower was 53 f t  high and was 
constructed o f  treated Douglas f i r  and redwood. 

The 

The cooling tower was a crossflow, two-cell, 
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b u t  the cooling water pumps were able to supply 
only 78 percent of the rated cooling water flow. 
T h i s  caused a large reduction in power produced by 
the p l a n t .  The reason for the poor performance of 
these pumps was found to be improper ins ta l la t ion .  
The pump p i t  i n  which the cooling water pumps 
operated was found t o  be too shallow t o  accommodate 
the complete pump in le t .  The in le t s  were shortened 
and strainers reduced in size and placed on the 
bottom of the p i t .  The pumps were installed a t  an 
inappropriate distance from the back wall and 
appreciable vortexing was noted. 
i f  the pumps had been installed correctly, no flow 
reduction would have resulted. 

I t  i s  f e l t  tha t  

Cooling Tower. Measurements on the cooling 
water leaving the cooling tower indicated that 
when the tower fans were operated a t  fu l l  speed, 
the temperature was within 2 t o  3°F of the manu- 
facturer 's  predicted value. The temperature was 
always higher than predicted, however. Because of 
problems with the cooling water treatment f ac i l i t y ,  
the fans were not r u n  on the h i g h  speed for many 
of the operating conditions, resulting in an 
increased condensing temperature and reduced 
turbine power for  those t e s t s .  

heat exchanger was compared a t  each of 17  different 
t e s t s  with predicted performance using the 
proprietary computer codes of the Heat Transfer 
Research, Inc. (HTRI). Only the low temperature 
preheater was not analyzed because i t s  overdesign 
and F-shell arrangement made i t  impossible to  
o b t a i n  accurate enough temperature measurements to 
predict i t s  performance. 
preheater showed performance approximately 40 per- 
cent better t h a n  w i t h  design fouling (as a percent- 
age of the total  design thermal resistance).  The 
low pressure boiler performance was approximately 
20 percent better t h a n  design. The h i g h  pressure 
boiler and the condenser were each approximately 
20 percent worse t h a n  design. 

The one problem noted w i t h  the heat exchangers 
was t h a t  the boilers each entrained and exhausted 
vapor with a 10 to 20 percent moisture content when 
operated a t  the design boiler levels. When the 
levels were lowered, the entrainment was reduced to  
three t o  f ive  percent. 

Turbine-Generator. The turbine-generator 
performed as the manufacturer had predicted when 
the performance was penalized one percent i n  e f f i -  
ciency for each average percent of moisture in the 
turbine. No adverse e f fec ts  were noted with the 
turbine as a resu l t  of the liquid flow. Slight 
deviations in the expected flow were noted, b u t  
they were of the order t o  be expected and adjust- 
ments t o  the nozzles would have been made if the 
system had been run  for  a prolonged period. 

System Performance 

State Point Data. Experimental data taken 
dur ing  the t e s t  were used to calculate t h e m -  
dynamic properties a t  s t a t e  points throughout the 
system for each t e s t .  Test 1 A  was taken as the 
baseline case for  the system. 

Heat Exchangers. The performance of each 

The h i g h  temperature 

The geofluid temper- 

ature was 10°F lower than the design temperature 
resulting in a decrease in o u t p u t  power of approx- 
imately 500kW. 
temperature obtained during the testing period. A 
sumnary of the reduced s t a t e  point d a t a  of Test 1 A  
i s  presented i n  Table 1 ;  the mass flow rates and 
energy balances for the boilers,  heat exchangers, 
and condenser are shown in Table 2 .  The s t a t e  
points correspond to points in the system as indi- 
cated in Figure 1.  These are the best estimates 
of the cycle s t a t e  point data for  the t e s t  which 
was nearest the design point. 
duced the maximum power was not used because the 
liquid levels i n  both the h i g h -  and low-pressure 
boiler were so h i g h  t h a t  i t  was not possible to 
estimate the amount of moisture tha t  was being 
carried from the boilers. 

T h i s  was, however;the highest 

The t e s t  that  pro- 

Availabil i ty-Irreversibil i ty Analysis. The 
ideas associated w i t h  an availabil i ty-irrevers- 
i b i l i t y  analysis allow the performance of the 
system t o  be considered in the perspective of the 
thermodynamic ideal and assess the losses i n  
thermodynamic performance a t t r ibu tab le  to the 
individual components. Figure 3 presents the 
resu l t s  of such a study on the baseline case (Test 
1 A ) .  If  the plant i t s e l f  i s  considered to be th i s  
system of in te res t ,  there are a number of things 
external t o  the system that are affected by i t .  
The geofluid leaving the plant has a lower thermo- 
dynamic ava i lab i l i ty  than that entering the plant,  
creating a decrease in ava i lab i l i ty  of things 
external t o  the plant. The cooling water increases 
i n  ava i lab i l i ty  as i t  flows t h r o u g h  the plant con- 
denser. These processes create increases in avail-  
ab i l i t y  external t o  the plant. (The remainder of 
the cooling water loop (pumps and cooling tower) 
were not included in the system because the s t a t e  
points in the cooling tower were not known with 
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Figure 3. Availability Analysis 

suf f ic ien t  accuracy.) The algebraic sum of a l l  of 
the changes i n  ava i lab i l i ty  external t o  the system 
is equal to the sum of the i r r eve r s ib i l i t i e s  of the 
components within the system. The irreversi-  
b i l i t i e s  of each of the components within the 
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system were ca l cu la ted  separate ly  along w i t h  the 
a v a i l a b i l i t y  o f  each f low i n t o  o r  ou t  o f  t he  
system. 
the wet bu lb temperature, 35"F, and atmospheric 
pressure, 12.5 psia. 

Table 2 shows the other  p a r a s i t i c  power 
requirements o f  the p lan t .  
ments were subtracted from the  n e t  p l a n t  power of 
3.4MW (Figure 3) from the a v a i l a b i l i t y  analysis, 
t he  n e t  power produced dur ing Test 1A would have 
been 1.6MW. This number may be abnormally low be- 
cause the power expended i n  the  geothermal supply 
and i n j e c t i o n  system was r e l a t i v e l y  high. The 
supply and i n j e c t i o n  system was no t  designed fo r  
the purpose o f  supplying the  p l a n t  on l y  and expends 
more power than a p roper l y  designed and matched 
system. Therefore, the more t y p i c a l  value t o  con- 
s ide r  i s  t h a t  f o r  t he  p l a n t  w i thou t  the supply and 
i n j e c t i o n  system. 
2.9MW exclus ive o f  any supply and i n j e c t i o n  system 
p a r a s i t i c  power losses. 

The dead (atmospheric) s t a t e  was taken as 

I f  these power requi re-  

For Test 1A the p l a n t  produced 

Plant  Output w i t h  Major Problems Corrected 

The dev iat ions from design o f  the p l a n t  
component performance and system o p e r a b i l i t y  have 
been noted e a r l i e r .  
de f i c ienc ies  i s  i l l u s t r a t e d  by consider ing t h e i r  
e f f e c t s  the basel ine run from the performance t e s t  
ser ies.  Table 3 i nd i ca tes  the  power f o r  the base- 
l i n e  case w i t h  the major de f i c ienc ies  corrected. 
Note t h a t  p re tes t  est imates o f  t he  p l a n t  power w i t h  

The e f f e c t  o f  co r rec t i ng  these 

Table 3.  Baseline Perfomnce of System 
with M30r Deficiencies Corrected 

Pouer (kh') 
( Z  of Wssible rower1 

Generrtor output 401 0 

Increment in p w r  caused by defect 

1 .  Failure to uti l ize  design 110 ( 2 )  

2 .  Moisture in turbine 144 ( 3 )  
geofluid flow 

3.  Cooling water pumps not 380 ( 7 )  
able to produce specified 
flow 

4.  Cooling tower unable to 454 (9)  

5. Other components including 125 (2 )  

POWER POSSIBLE YITHOUT DEFECTS m 
design fou l i ng ,  design f lows, 278OF i n l e t  geof lu id  
and 35OF wet bu lb  temperature were 5347kW, as 
compared t o  the 5224kW f o r  the "corrected" base1 i n e  
t e s t  performance. Had the  component performance 
de f i c ienc ies  been corrected t o  design speci f ica-  
t i ons ,  the p l a n t  would have performed genera l l y  as 
predicted. 

Tests were conducted which g e o f l u i d  temperature 
and f l o w  r a t e  were va r ied  and p l a n t  output  
measured. Results o f  these t e s t s  are shown i n  
Figures 4 and 5. P re tes t  p red ic t i ons  o f  these 
condi t ions were c a r r i e d  ou t  and repor ted i n  Refer- 
ences 3 and 4. The r e s u l t s  i n d i c a t e  t h a t  a 10°F 
reduct ion i n  resource temperature would r e s u l t  i n  a 
reduct ion i n  output  of 10 percent wh i l e  increas ing 

produce specified cold 
water temperature 

heat exchangers. turbine- 
generator 

S e n s i t i v i t y  t o  Changes i n  Geof lu id  Conditions. 
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the  g e o f l u i d  f l ow  by 10 percent would make up on ly  
about h a l f  o f  t h i s .  

rediction 
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PLANT OPERATION 

The p lan t ,  as a system, operated very smooth- 
l y  a t  steady-state w i t h  no operator  i n te rven t ion .  
The on ly  t r a n s i e n t  t h a t  caused operat ional  d i f f i -  
c u l t y  was the t u r b i n e  t r i p .  This could have been 
remedied w i t h  a small change i n  the con t ro l  system. 

Primary Systems 

systems operated w e l l .  The f i l l i n g  o f  the isobu- 
tane system, s tar tup,  operat ion and shutdown were 
handled w i thou t  i nc iden t .  One change which might  
have been made t o  expedi te  operat ion would have 
been a p rov i s ion  t o  add isobutane t o  the system 
du r ing  operat ion.  The present system had t o  be 
shut down t o  add isobutane. 
caused an extreme t r a n s i e n t  t o  the  system. 
r e s u l t e d  from the  automatic con t ro l  system causing 
the isobutane feed pumps t o  t r i p  because a condi- 
t i o n  o f  low f l ow  ex i s ted  a t  the i n l e t  t o  these 
pumps f o r  approximately 30 seconds. This could 
have been corrected w i t h  a delayed t r i p .  

The geo f lu id ,  isobutane and coo l i ng  water 

The tu rb ine  t r i p  
This 

A u x i l i a r y  P lan t  Systems 

With the  exception o f  the water treatment 
system, a l l  a u x i l i a r y  p l a n t  systems operated we l l .  
The water treatment system was unique i n  t h a t  i t  
t rea ted  g e o f l u i d  t o  be used as makeup fo r  the wet 
coo l i ng  tower. This system requ i red  constant 
operator  superv is ion t o  load chemicals, monitor and 
con t ro l  t he  system. The dec is ion t o  t r e a t  the geo- 
f l u i d  was made l a t e  i n  the design and the re  was n o t  
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time t o  ob ta in  app rop r ia te l y  s ized equipment. 
method worked we l l ,  however, and i s  discussed i n  
d e t a i l  i n  Reference 5. 

Supply and I n j e c t i o n  System 

I n i t i a l l y ,  i t  was planned t o  use submersible pumps. 
Over the f i v e  years p r i o r  t o  p l a n t  s tar tup,  both 
submersible and l i ne -sha f t  pumps were t r i e d .  
experience ind i ca ted  t h a t  l i n e - s h a f t  pumps were 
more r e l i a b l e .  
dur ing the l i m i t e d  p l a n t  operat ion.  

River  system was the  use o f  cement-asbestos 
( t r a n s i t e )  p ipe instead o f  s tee l  p ipe i n  the supply 
and i n j e c t i o n  system. This  created severe l i m i t a -  
t i o n  on the system o p e r a b i l i t y .  A l a r g e  number o f  
p ipe breaks r e s u l t e d  because o f  the extremely 
r e s t r i c t i v e  operat ing window imposed by the 
t r a n s i t e  pipe. 

The 

This 

No problems r e s u l t e d  w i t h  the pumps 

Another experimental innovat ion i n  the R a f t  

CONCLUSIONS AND RECOMMENDATIONS 

The f o l l o w i n g  sumnarizes the primary conclu- 
sions o f  the p l a n t  operat ion and t e s t i n g .  

1, 
f e a s i b l e  f o r  use i n  t h i s  resource temperature 
range. ~ 

I 
21 

smoothly and a t  steady-state requ i red  no operator  
i nterven ti on. 

The performance o f  t he  p l a n t  when 
correc ed f o r  component performance, which was 
below 3/ p e c i f i c a t i o n  values, was as predicted. The 
sens i t  v i t y  o f  output  t o  changes i n  geof lu id  and 
coolan f condi t ions were as predicted. 

41 The HTRI computer codes c o r r e c t l y  p r e d i c t  
t he  o v e r a l l  behavior o f  the heat exchangers. 

5 ;  I f  k e t t l e - t y p e  b o i l e r s  are used, care 
should,be taken t o  insure t h a t  any ent ra ined l i q u i d  
i s  separated from the  vapor f l ow  p r i o r  t o  removal 
from the b o i l e r .  

6[ 
water 7s f eas ib le ,  i f  the system i s  app rop r ia te l y  
sized., 

71. Margin should be designed i n t o  the work- 
i n g  f l h i d  feed pumps t o  i nsu re  adequate f l ow  i f  
unforepeen pressure drops occur i n  the  heat 
exchangers and con t ro l  valves. 

l i n e s  i s  no t  recommended. 

The d u a l - b o i l i n g  b ina ry  cyc le  p l a n t  i s  

The p lant ,  as a system, operated very 

I 

I 

The use o f  t r e a t e d  g e o f l u i d  as makeup 

8 .  The use o f  t r a n s i t e  (cement-asbestos) p ipe 
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