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WASTE HEAT REJECTION FROM G E O T H E R M A L  POWER PLANTS 

Roy C .  Robertson 

(Presented a t  Tenth CATMEC Meeting, S a l t  Lake C-ity, Feb. 25,  1981) 
Energy Division - Oak Ridge N a t l ,  Laboratory 

Waste heat rejection i s  a greater problem a t  geothermal power st3tic75 
than  a t  fossi l  or nuclear-fueled plants because the comparatively low 
temperature of the energy source resul ts  in re la t ively low thermal e f f i -  
ciencies for  the cycle, a n d  this  means s ignif icant ly  more heat must be 
rejected per kilowatt of power generated. Further, conventional s ta t ions 
can be located a t  a source o f  cooling tower makeup water and  the fuel 

b r o u g h t  t o  them, b u t  geothermal plants must be bu i l t  a t  the geothermal 
resource s i t e s ,  which in the vestern United States  are often in areas 
where l i t t l e  o r  no water i s  available for  consumptive use in power plants.  
Rejection of waste heat without the evaporation of water, t h a t  i s ,  by 
transferring the heat t c ,  the atmosphere ; r  dry co i l s ,  imposes s ignif icant  
penalties on the cycle performance and requires re la t ively large a n d  ex- 
pensive heat t ransfer  surfaces. Such heat dissipation systems can cost 
as much as f ive times more per kilowatt t h a n  the heat rejection systems 
in fossi l  or nuclear s ta t ions .  

The U. S .  Department of Energy ( D O E )  a n d  the Electr ic  Power Research 
Ins t i tu te  ( E P R I )  have recognized the constraints t h a t  waste heat d i s s i -  
pation can place on development of the geothermal power industry and have 
sponsored research and development programs t o  determine whether the 
problems can be mitigated. 
come available in the two years or more since Section 5 of the Sourcebook 
coveri ng  waste heat rejection was wri t t en .  Several of the programs , however , 
are j u s t  nearing completion of construction and the resul ts  will n o t  be 
available until l 'ater in 1981. 'Some of the more s ignif icant  developments 
in the f i e ld  of waste heat rejection for  geothermal power plants are  as 
foll  ows : 

Some of the resul ts  of these programs have be- 
l 

1 Joseph Kestin, ed. , Sourcebook on the Production 
Geothermal Energy, U. S.  Government Printing Off 
March, 1980. 
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1 .  Phased Cooling a t  Magma's 10-MWe Power Station 

The f i r s t  large-scale demonstration in the United States of  phased 
cooling will be a t  the Imperial Magma Corporation's 10-MWe binary geo- 
thermal power plant -. located a t  East Mesa, California. I n  t h i s  arrange- 
ment , the warm ci rcula t i  n g  water discharged from the turbine condenser 
during the day will be collected in a storage pond and then cooled a t  
night when the conditions for  heat dissipation t o  the atmosphere are more 
favorable. 
the next day. 
conservation of wa%er and providing a closer approach of the water tempera- 
ture t o  the ambient wet-bulb temperature. Of course, by delaying the 
h e a t  d i s s i p a t i o n ,  g r e a t  c o o l i n g  c a p a c i t y  i s  r e q u i r e d  i n  t h e  h e a t  re- 

jection equipment. 
into fu l l  operation, probably in March, 1981. 

The cooled water will -Le stored in another pond for  use 
Among the advantages of  the concept are t h o u g h t  t o  be the 

' /  

6 
These aspects will be evaluated when the plant goes 

:$ 

The Magma ins ta l la t ion  consists of a b o u t  25 acres of storage po;ds 
and  spray areas. There are three ponds  a n d  two spray areas.  The deser t -  ' 
l ike so i l  conditions and terrain made the scooping o u t  of the 20-ft deep Ti 

ponds relat ively inexpensive on a cubic yard  basis ,  b u t  t he i r  large s ize  : p  

nevertheless made i t  a construction project of s ignif icant  magnitude. 
ponds are lined with a 30 t o  40-mil-thick chlorinated polyethylene ( C P E )  
sheeting reinforced with f iberglass .  
the material i t s e l f  t o  date,  b u t  the sealing o f  the seams presented some 
d i f f i cu l t i e s .  
s ta l led  over grade-level areas having gunni te  surfaces pitched t o  drain 
i n t o  the storage ponds. - This arrangement was t h o u g h t  t o  be less  expensive 
t h a n  ins ta l l ing  supports over the ponds fo r  the nozzles and  the long a 

headers t h a t  are required, and  i t  also provides some additional area for  
the water t o  be cooled by evaporation and  by nighttime radiation. I t  
was a l s o  or iginal ly  t h o u g h t  t h a t  the spray areas w o u l d  have a f i r s t  cost 
less t h a n  t h a t  of cooling towers o f  the same cooling capacity, b u t  actual 
construction experience a t  Magma has rasied SOWQ doubts as t o  th i s  aspect. 
A detailed evaluation has n o t  yet  been made, however. 

The 

There have been few problems with 

The water spray nozzles used for  cooling the water are in- 

Certainly the 

I 

n 



- 3- 

avai lab i l i ty  of land a t  the Magma s i t e  for the spray areas may n o t  be 
typi cal of other geothermal ins ta l  la t i  ons . 

The performance of the heat dissipation system ,it the 10-MWe stat ion 
I t  should provide the f i r s t  wi-11 be followed with considerable in te res t .  

defi ni t i  ve answers regardi ng the merits of the phased-cool i ng  concept 
when applied t o  geothermal power plants located i n  climates similar t o  
t h a t  in the Imperial Valley o f  California. 

2. Test of 15-MWe WetlDry Cooling Tower Module 

A single-cell t e s t  module was operated fo r  15 months during 1979-80 
a t  Southern California Edison's San Benardino Generating S t a t i o n  t o  de- 
termine the potential of wet/dry cooling towers fo r  conserving water. 
work was sponsored by a ten-member cooperative, which included the U. S .  
Department of Energy and the Electric Power Research Ins t i t u t e .  

The 

.f, The t e s t  
mot'ule had a cooling capacity capable of handling a b o u t  15 MWe of  power 
geiieration. The tower was manufactured by Ecodyne and  was a cross-flow 

type, arranged with the water flowing f i r s t  t h r o u g h  the 1-in.  in diameter 
finned tubes in the dry section and then th rough  the splash f i l l  of the 
wet section. The a i r  flow was in parallel t h r o u g h  the two sections,  with 
the amount proportioned by motor-operated dampers. The single 28-ft in 
diameter fan,  powered by a 250-hp motor a t  135 rpm, served b o t h  sections.  
The ambient temperatures a t  San  Benardino varied from a mean low of 38" 
dry-bulb/35"F wet-bulb temperature t o  a mean high o f  '35°F dry-bulb/64"F 
wet-bul b temperature. The wet/dry tower, on an annual -average b a s i  s , 
was judged t o  evaporate a b o u t  19% less water t h a n  a conventional wet, 
mechanical-draft cooling tower would have used when rejecting the same 
amount of heat under the same ambient conditions . 2 

Operati n g  d i  ff  i cul t i e s  were experienced wi t h  the dampers and  the 
damper-adtuating mechanism. The damper p i v o t  points stuck and the damper 

2 D.  M. Burkhar t ,  Test Report: Wet/Dry Cooling Tower Test Modu 
California Edison for  the Electric Power Research Ins t i t u t e ,  Grs CS-1565, October 1980. 

e ,  Southern 
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motor linkage was said t o  need redesigning. 
the dry surfaces occurred due t o  dust, insects and  pollen from the nearby 
agricultural f i e lds .  I t  was suspected t h a t  residual o i l  on the dry sur- 
faces from the manufacturing processes may have contributed t o  the i n i t i a l  
f o u l i n g .  A t  the-'conclusion of the t e s t  the surfaces were cleaned with a 
water lance using 140°F water a t  300 ps i ,  a method t h a t  was judged t o  be 
abou t  90% effect ive in removing the fouling. 
w i t h  biological fouling in the wet section of the tower. All of these 
d i f f i cu l t i e s ,  however, appear t o  be amenable t o  straight-forward solutions 

Significant fouling of 

Some trouble was also encountered 

the wet/dry module was judged t o  be a viable concept for  the conser- 
on of water. Cost studies were n o t  included in the report .  

> I  3 Ammonia Heat T r a n s p o r t  System 
B' 

A f a c i l i t y  has been constructed a t  the Kern Power Station o f  the 
Pacific Gas and Electr ic  Company near Bakersfield, California, t o  detrin- 
s t r a t e  the use of ammonia t o  transport heat from a steam condenser t o  a 
dry cooling tower. 
has a capacity of 10-MWe. The coil in the tower can be operated e i ther  
dry o r  water-augmented. 
ized, has grcoved tubes t o  enhance the heat t ransfer .  
supported by the U. S .  Department of Energy, the Electr ic  Power Research 
Ins t i t u t e ,  and  a consortium of u t i l i t i e s .  Ben A.  Johnson of the Battelle 
Pacific Northwest Laboratories, i s  one of the major participants in the 
project. Instal la t ion of the system i s  essent ia l ly  complete and shake- 
down testing will probably be s tar ted i n  April,  1981. 

The system, known as the Advanced Concepts Test ( A C T ) ,  

The steam condenser in which the ammonia i s  vapor-  
The project i s  

The superior heat transport and t ransfer  properties of ammonia, as 
compared t o  water, allow the air-cooled coil t o  be significantly smaller 
and less expensive. The system, however, interposes an additional heat 
exchange -process and temperature difference , which increases the turbine 
back pressure. This project will be viewed with great i n t e re s t  because 

3.  F. R .  Zaloudek, L. J .  Brown, and R .  T. Alleman, Advanced Concepts 
Test Facil i ty - Measurements and  Suggested Test Plan, Bat te l le ,  
Pacific Northwest Laboratories, E P R I  CS-1530, September 1980. 
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i t  may demonstrate a method of reducing dry cooling costs a t  those 
potential geothermal power plant s i t e s  where there i s  no water fo r  
cooling tower makeup. 

4.  Tower System's Plast ic  Membrane Cooling Tower 

Parallel with the study of ways t o  reduce the water consumption in 

I f  water treatment could be pro- 
wet cooling towers there should be study of arrangements t o  make more 
cooling tower makeup water available. 
vided a t  low enough costs ,  water normally considered t o  be of too  poor 
a quality for  makeup could be obtained from such sources as geofluids, 
sal i ne ground waters , sewage or i ndus t r i  a1 plant eff  1 uents , i r r i  gati on 
ditches, s a l t  lakes, o r  polluted r ivers .  
recently marketed by Tower Systems, Incorporated, of Tacoma, Washington, 
may be a s ignif icant  s tep in this  direction. The tower, which i s  used 
i n  conjunction with a water treatment s.stem specified by Tower Systems, 
has particular application a t  ins ta l la t ions where makeup k3ter quality 
i s  poor ,  there i s  a need t o  conserve water, and  zero dischdrge of waste 
water i s  required. 

A new cool i n g  tower concept 

4 

/, 

The tower consists of 5-mil Mylar sheers stretched tautly over frames 
standing a b o u t  15 t o  20 f t  high, a n d  arranged with a non-splashing f a l l i ng  
film o f  the ''clean" water t o  be cooled f l o w i n g  down one side o f  t h e  membrane. 

On the other side i s  a downward-flowing film of "dir ty"  water t h a t  i s  
par t ia l ly  evaporated i n t o  an upward-flowing a i r  stream. 
the two water flows has led Tower Systems t o  term i t  a "binary cooling 
tower", o r  BCT. 
towers having a splash f i l l  and  they are threfore larger i n  dimensions 
than conventional towers having the same heat dissipation capacity. 
f i r s t  introduced on the market, many t h o u g h t  t h a t  a t  l a s t  someone had 
developed a less 'expensive way t'o build cooling towers. 

The separation of 

The packing density of the BCT i s  n o t  as great as i n  

When 

Actually, however, 

4 .  W .  G .  Sanderson, R .  L .  Lancaster . and J .  J . Bostjancic, The BCT Process - 
A Water. Conserving Zero Discharge Cooling Technology, Tower Systems, I n c . ,  
Tacoma, WA (Paper presented a t  42nd Am. Power Conf., April 23, 1980). 
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due t o  the relat ively larger s i  ze, the reinforced concrete s t ructure ,  
and the f ac t  t h a t  the towers are n o t  yet  manufactured in large quantity, 
the sel l ing price i s  n o t  the principal sales  argument. The feature t h a t  
i s  o f  most in te res t  i s  the tower's a b i l i t y  t o  operate with many more cycles 
of concentration-'than can be tolerated i n  conventional towers a n d  i t s  
adaptabi 1 i ty t o  zero waste water discharge management. 

\ 

The factors usually limiting the amount of concentration in cooling 
towers are:  ( 1 )  corrosion, ( 2 )  sca:ing, (3)  environmental impacts of d r i f t ,  
and ( 4 )  blowdown disposal. The BCT has limited corrosion problems because 
much of the water p a t h  i s  non-metallic. 

associated water treatment system and by the f a c t  t h a t  the glossy surface w +s( 

of the p las t ic  sheeting r e s i s t s  scale deposition t o  some extent.  The 
d r i f t  ra te  i s  said t o  be s ignif icant ly  less  t h a n  for  conventional wet cool- 
i n g  towers. 
t o  conventional wet cooling towers in t h a t  ill the usual application of 
the BCT i t  i s  designed t o  concentrate the blcwdown t o  very high levels 
of concentration.(over 100,000 ppm) t o  enable i t  t o  be evaporated t o  dry- 
ness in solar  ponds t o  achieve zero discharge of waste water. 

Scaling i s  controlled by the 

A _  

With regard t o  blowdown, the BCT cannot be direct ly  compared 

< ' 

The f i r s t  commercial t e s t  of the BCT system was made in 1979 a t  the 
Las Vegas Sunrise Station of the Nevada Power C ~ r n p a n y . ~  The cooling tower 
makeup a t  t h i s  plant i s  supplied from secondary sewage treatment plant 
eff luent .  The water i s  f i r s t  treated with lime i n  a c l a r i f i e r  t o  reduce 
the phosphates , has various inhibitors a n d  biofoul ing control agents added, 
b u t  a f t e r  concentration by a factor  of f ive  in the cooling tower, the 
blowdown under current regulations i s  n o t  acceptable for  discharge into 
the Colorado River system via the Las Vegas Wash. Shortage of land for  
evaporation ponds led t o  investigation of the BCT system as a means of dis-  
posing o f  the blowdown on the s i t e .  The circulating water side of the 
BCT Mylar membrane operates in parallel  with the existing cooling water 

5 Tower Systems, Inc. ,  Final Test Report: MCT P i lo t  Plant Demonstration, 
Chemical Softening Mode, Nevada Power Company, Sunrise S t a t i o n ,  
August , 1979. 

@ 



- 7- 

c i r cu i t .  
from the existing tower a t  a b o u t  5,000 ppm total  dissolved solids (TDS) 
and concentrates i t  by a factor of a b o u t  20 t o  100,000 ppm TDS. The 
system was reported t o  operate much as  designed, with no s ignif icant  
corrosion, fouling problems, or insoluble deposits on the p las t ic  surfaces, 
in sumps, o r  i n  the distribution systems.. 

The a i r  side of the membrane -is supplied with blowdown water 

A second commercial ins ta l la t ion  will be placed in service l a t e  
i n  the summer of 1981 a t  Lakeland,- Florida, a t  the C .  B .  McIntosh Gen- 
erating s t a t i o n ,  Unit 3 .  I t  will be used in ser ies  with the existing 
cooling towers t o  t r e a t  waste water from the ash pond  t o  take i t  t o  high 
levels o f  concentration prior t o  evaporation in solar ponds. This i s  
being done to  comply w i t h  zero waste water discharge regulations. 

2: EG&G a t  Idaho Fal ls ,  I d a h o ,  has drafted a proposal t o  study the BCT 
system a t  Raft River's 5-MWe geothermal power plant t e s t  f a c i l i t y ,  using 
sal ine water at, the makeup source. A second phase 01' the proposed pro- 
gram would be t o  ins ta l l  a multi-celled larger system a t  some geothermal 
power plant t h a t  h a d  makeup water supply problems. 
t h a t  the California State Water Resources Control Board has a policy of 
n o t  approving use of inland !water for  power plant cociling u n l a s  the water 
i s  suf f ic ien t ly  sal ine to have l i t t l e  or no agricultural  value. 
t h e  E P A  strongly encourages energy development faci 1 i t i  es to be desi gned 
t o  use water of a poorer qual i ty .  
geothermal areas i n  which sa l ine  water, b u t  n o t  fresh water, would be 
available for  cooling tower makeup. 

The proposal points o u t  
Y 

Further, 

The EG&G propasal ident i f ies  several 

6 

6.  L .  G .  Kragh,  Consultant, Letter t o  J .  F. Whitheck, E G & G ,  I daho  Fal ls ,  
ID, "Draf t  Program P l a n  t o  Study Binelry Cooling Tower in Geothermal 
Applications Using High Si l ica  Water Treatment Techniques", Nov. 6 ,  1980. crrs 
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5. Enhanced-Surface Condenser T e s t  a t  R a f t  R i v e r .  

Dur ing  1980 a v e r t i c a l ,  f l u t e d - t u b e  condenser w i t h  Admi ra l ty -meta l  

tubes was t e s t e d  a t  the  60-kW f a c i l i t y  a t  R a f t  R iver ,  Idaho, u s i n g  a 

sur face- type evapora tor  as a source o f  i sobutane vapor. The performance 

was found t o  be w i t h i n  60 t o  100% o f  the p r e d i c t e d  va lues based on h e a t  

t r a n s f e r  exper iments made a t  t h e  Oak Ridge N a t i o n a l  L a b ~ r a t o r y . ~  

e a r l i e r  t e s t s  a t  ORNL f l u t e d  tubes were found t o  enhance the  condensing 

f i l m  c o e f f i c i e n t  by f a c t o r s  o f  4 t o  6 o v e r  t h e  performance o f  smooth tubes. 

I n  t h e  t e s t s  a t  Raf t  R i v e r  the  agreement w i t h  t h e  p r e d i c t e d  r e s u l t s  became 

I n  the  

b e t t e r  w i t h  t ime,  suggest ing  t h a t  non-condensabl e gases were work ing  t h e i r  

way o u t  o f  t h e  system, o r  perhaps t h a t  t h e  tubes had a r e s i d u a l  o i l  c o a t -  

.$ 
i n g  from the  manufactur ing process t h a t  was g e t t i n g  washed away. 
denser w i l l  n e x t  be t e s t e d  by condensing isobutane vapor t h a t  was generated,  

i n  a d i r e c t - c o n t a c t  b o i l e r .  T h i s  arrangement w i l l  more n e a r l y  s i m u l a t e  t h e  

ar,Junt o f  non-condcnsable qases and o t h e r  c o n d i t i o n s  t h a t  would e x i s t  i n  

an a c t u a l  b i n a r y  cyc’e a p p l i c a t i o n .  

6. Enhanced-Surface V e r t i c a l  Condenser T e s t  a t  Eas t  Mesa. 

The con- 

8 

- 1  

I n  1981 a l a r g e r  v e r t i c a l  condenser w i t h  f l u t t ? d  tubes w i l l  be t e s t e d  

i n  t h e  500-kWe Barber-Nichols  f a c i l i t y  a t  Eas t  Mesa, CA. I t  has.carbon-  

s t e e l  f l u t e d  tubes, i n  a four-pass c o n f i g u r a t i o n  w i t h  f l o a t i n g  bot tom head, 

t h a t  w i l l  t e s t  the  e f f e c t  t h a t  a tube bundle may have on the  h e a t  t r a n s f e r  

performance. As i n  t h e  R a f t  R i v e r  t e s t s  , the  conden!<er w i  11 f i r s t  be 

t e s t e d  u s i n g  a sur face- type evapora tor  t o  p r o v i d e  t h e  isobutane vapor, s i n c e  

t h i s  w i l l  a l l o w  more d i r e c t  comparison t o  t h e  ORNL exper imenta l  r e s u l t s .  
I t  w i l l  then  be t e s t e d  when condensing isobutane vapor s u p p l i e d  by a d i r e c t -  

c o n t a c t  b o i l e r .  

o f  1981. 

The condenser t e s t s  a re  scheduled t o  beg in  i n  the  f a l l  
8 

7. S. K. Combs, G.  S .  M a i l e n  and R. W.  Murphy, Condensation o f  R e f r i g -  
e r a n t s  on V e r t i c a l  Tubes, ORNL/JM-5848, August 1978. 

8. J .  W .  Michel  and R. W .  Murphy, Energy D i v i s i o n ,  Oak R idge-Nat l .  Lab., 
Condenser Designs f o r  B i n a r y  Power Cycles,  Proceedi  ngs 1 5 t h  Energy 
Conversion Conference, S e a t t l e ,  WA, Aug. 18-22, 1980. 

@ 
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7. Economic S t u d y  of Six Heat Rejection Systems by R .  W .  Beck, Assoc. 

A n  economic evaluation of s ix  different  heat rejection systems for  
hydrothermal geothermal power s ta t ions was made in 1980 by R .  W .  Beck 
and P,ssociates for  the University of U t a h  .' The system arrangements , 
shown i n  Figure -. 1 , a l l  used isobutane as the working f lu id  in the power 
cycle. The systems incorporated e i ther  shell-and-tube o r  direct-contact 
condensers, and  in one case a packed-bed direc t-contact condenser was 
assumed. Conventional wet cooling towers, dry cooling towers, and  evapo- 
ra t ive condensers were employed, slid b o t h  water a n d  isobutane were investi 
gated as condenser coolants. 

The same energy conversion system was assumed for  a l l  the waste heat 
rejection arrangements studied. 
transferred heat t o  the isobutane in a surface-type heat exchanger. The 
working f lu id  conditions a t  the turbine th ro t t l e  were 550 psia and  290°F 
and t ' e  pressure in the turbine exhaust was 85 psia. 
costs of $0.50 and $l.OC per million Btu's were studied, b u t  only the 
f i f ty-cent  cases are discussed here because the study showed t h a t  changing 
the "fuel" cost  did n o t  a l t e r  the relat ive rankings of the d f fe ren t  heat 

I n  this  standard system, the geofluid 

Geothermal energy 

rejection sys terns. 

In each case study such parameters as the cooling range, approach 
temperature , and i n i t i a l  and  termi nal teimperature differences , were opti - 
rnized t o  produce the lowest net e lec t r ica l  power production cost. 
cost  d a t a  were taken from manufacturer'sl quotations and pricing guides, and  
construction costs were based on pub1 ished information and d a t a  compiled 
by R .  W .  Beck and Associates. The fixed'charges were taken t o  be 18% and 
a plant capacity factor of 80% was used.: 

Capital 

The resul ts  OF the study ar-e summarized in Figure 1 .  (The energy con- 
version system .is. n o t  shown in*Figure 1 because the same system was common 
t o  a l l  cases).  , The systems are l i s t ed  i n  .the order o f  ascending electr ical  

9. Letter from E .  Victor Derks, R .  W .  Beck and Associates, t o  Harold 
R .  Jacobs, University of Utah, August 1 1 ,  1980. 
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Figure 1-a 
. _  

50-F1We Binary Geothermal Power P lan t  Heat Reject ion System Studya 

System No. 1 
Geofluid flow r a t e  
8 x l o6  l b / h r  
Avg. annual aux. load 
13.5 MWe 
Makeup water flow r a t e  
4,558 a c r e - f t / y r  
P lan t  c a p i t a l  c o s t  
$862/net kWe 
Busbar c o s t  e l e c t r i c i t y  
4.1 cents/k\dh 

System No. 2 
Geofluid flow r a t e  
8.1 x 106 l b / h r  

Avg. annual aux. load 
13.7 M!4e 
.Makeup water flow r a t e  
3,147 acre- f  t / y r  
P l an t  capi-tal  c o s t  
$1 ,03C)/net klde 
Busbar c o s t  e l e c t r i c i t y  
4.5 cents/kldh 

System No. 3 
Geofluid flow r a t e  
8.2 x 106 l b / h r  
Avg. annual aux. load . 
16.2 Mble 
Makeup water  flow r a t e  
4,749 a c r e - f t l y r  
P lan t  c a p i t a l  c o s t  
$1,068/ne t kWe 
Busbar c o s t  e l e c t r i c i t y  
4.7 cents/kWh 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

--- -1 

1 
I 
I 
I 

- - -  

I 
I 
I 
I 
I 
I 
I 

t 
I 
I 
I 
I 
I 
I 

I 
I 
I 

l J - 0 4  I 
I 1- I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

a Taken from l e t t e r  R .  W.' Beck Assoc., Ref. 9 .  Based on geothermal energy 
cost  o f  $0.50/106 B t u ,  f i xed  charge r a t e  of 18% and 80% capac i ty  f a c t o r .  

* \  b Acre- f t /y r  x 1,233.482 = m 3 / y r .  
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Figure 1-b 

System No. 4 
Geoflui flow r a t e  

Avg. annual aux. load 
26.3 MWe 
Makeup water flow r a t e  
(none) 
Plant cap i ta l  cos t  
$2 ,36 8/ n e t k We 
Busbar cos t  e l e c t r i c i t y  
5.6 cents/k!dh 

14 x 10 g lb /hr  

\ ' -. 

System No. 5 
Geofluid low r a t e  

Avg. arinual a u x .  l o a d  
28.8 IWe 
Makeup water flow r a t e  
(none) 
Plant cap i ta l  cos t  
$ 2  , 4  6 2/ ne t k 1Je 
Busbar cos t  e l e c t r i c i t y  
5.7 cents/kWh 

14.6 x 10 l lb /hr  

System No. 6 
Geofluid flow r a t e  
15 .3  x lo6 lb/hr  
Avg. annual aux. load 
30. 5 MWe 
Makeup water florv r a t e  
(none) 
Plant cap i ta l  cos t  
$2,764/ne t kWe 
Busbar cos t  e l e c t r i c i t y  
6.1 cents/kWh 

6d .a 

I 
C4H10 

I S e p a r a t o r  I 

I 
I 
I 
I 
I 
I 
I - L _ _ _ - _ _  - - 

I 
I 
I 
I 

J 2-d-J 
f-- 

I 
I 
I Separa to r  

\ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I .  

I 

I 
1 .  
I 
1 
I 
I 
I '  

I .  

I 

1 
- - - _ _ - _  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

. I  
I 
I 

. .. . 
. .  . 

. .. . . .  . . .  
. .  . : _ . ,  ,. 2 

i .. 
. , - ,  .,. . . - . . .  
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'I .  

power production costs.  
one in which the isobutane vapor i n  the turbine exhaust i s  condensed 
direct ly  inside a serpentine coil which i s  cooled on the outside by evap- 
orating water i n t o  a counterflowing a i r  stream. 
variously called an "evaporative condenser", "Baltimore Air Coil type", o r  
"hybrid type").  
performing system was one of the highest of those studied, as will be 
further discussed below. 

The system providing the lowest cost was the 

(This arrangement i s  

Unfortunately, the water consumption ra te  for  t h i s  best- 

The second best ,  o r  No. 2 system, from a cost of power standpoint, 
was the base case system, in which isobutane vapor  i s  condensed in a she l l -  
and-tube heat exchanger w i t h  the c i rculat ing water cooled in a conventional 
wet mechanical-draft cooling tower. 
results of the study of t h i s  system and the resul t s  of the No. 1 system 

The Beck report points out t h a t  the +. 

are so similar tha t  revising some of the judgements as t o  t h s  input para-  ."- 
meters could possibly reverse the rankings. A case in point i s  the water 
consumption ra te ,  w h i c h  in System No. 2 i s  about 45% less  t h a n  t h a t  in 
System No. 1 ,  in Figure 1 .  The amount of heat t o  be dissipated i s  roughly 
the same in b o t h  instances, b u t  in the conventional cooling tower a b o u t  15  
t p  20% of the energy i s  absorbed in sensible heating of the a i r  stream, 
whereas in the evaporative condenser of System No. 1 i t  was assumed t h a t  
a l l  o f  the heat must be dissipated in the evaporation of water. 
for th i s  assumptior; was not explained in the Beck report b u t  presumably i s  
on the basis t h a t  the a i r  flow near the e x i t  of a conventional wet cooling 
tower i s  exposed t o  the incoming water temperature, which i s  usually higher 
t h a n  the ambient dry-bulb temperature, and an  opportunity i s  thus provided 
for  sensible heating. In the evaporative condenser the water flowing over 

''' 

'" 

The reason 

the co i l s  i s  recirculated a n d  tends to approach the ambient wet-bulb tempera- 
ture and  makes sensible heating o f  the a i r  less  l ike ly .  

The third-ranked, o r  No. 3 ,  system u t i l i ze s  a direct-contact condenser 
with the heat given up t o  the cooling water dissipated in a wet coil arrange- 
ment similar t o  t h a t  used in System No. 2 .  
consumes even a great amount o f  water t h a n  Systems 1 and 2. 

As shown in  Figure 1 ,  the system . -  
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drs 
The four th  ranked system with a packed-bed ,direct-contact condenser 

performs s l igh t ly  better t h a n  the No. 5 system, which has the same arrange- 
ment b u t  with a conventional direct-contact condenser. I n  b o t h  cases the 
water i s  cooled in a dry coil cooling tower. The more than  20% increase 
i n  the cost of e l ec t r i c i ty  produced i s  primarily due t o  the high cost  of  

the large amount 'uf surface needed in the towers. 
however, i s  the fac t  that  the systems require no makeup water. 

Of great significance,  

The sixth-ranked system employs a surface-type condenser used in 
conjunction with a dry cooling towr. 
su l t s  i n  the highest e lec t r ica l  power production coslt, i t  does n o t  require 
makeup water and the isobutane losses will be less t h a n  in the direct-  
contact condensers used i n  Systems 4 and  5. I t  could thus be the best 
choice for  many geothermal s i t e s .  

Even t h o u g h  t h i s  arrangement re- 

P 

With the exception o f  System No. 1 i n  Figure 1 ,  which condensed the 
iscbutane direct ly ,  a l l  the other systems discussed above used water as 
thc condenser coolatlt. The Beck study also investigated use o f  isobutane 
t o  transport heat frorn the condenser to the c o o l i n g  tower. This resulted 
in a 10 t o  30% increase in the busbar cost  of e l e c t r i c i t y ,  20 t o  50% greater 
capital costs ,  a n d  2'0 t o  45% greater auxiliary power requirements. 
this  arrangement i s  clearly n o t  an a t t rac t ive  option, these cases were n o t  
included i n  Figure 1 .  

Since 

The Beck study i s  of considerable in t e re s t  in t h a t  i t  provides a ranking 
for various heat dissipation schemes. A1  t h o u g h  there are obviously other 
considerations than  power production costs ,  i t  i s  noteworthy t h a t  the 
evaporative condenser appears t o  be very competitive. 
t h a t  lack of water f o r  cooling tower makeup always exacts a s ignif icant  cost 
penal ty . 

I t  i s  also apparent 
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8. O p t i m i z i n g  Wet/Dry Cooling Tower Designs. 

10,l I 
Dynatech Company, of Cambridge, MA, d i d  two s t u d i e s  i n  1979-80 

on wet/dry cool ing towers f o r  EPRI. One s tudy developed an opt imizat ion 
methodology f o r  base-loaded power s t a t i o n s  and the  o t h e r  appl ied  the 
technique t o  cycled,  o r  varying capac i ty ,  s t a t i o n s  a t  Phoenix, AZ,  and 
Boston, MA. The  computer programs determined the economic t r a d e o f f s  
between los s  of performance, size of the wet/dry towers,  and the water 
consumption r a t e s .  

The c o s t  of wet/dry cool ing per u n i t  o f  power production c o s t  was 
found t o  be a t  l e a s t  50% g r e a t e r  f o r  cycled p lan ts  than f o r  base-loaded 
s t a t i o n s .  Cooling water i s  thus 50% more valuable  t o  a cycled p l a n t .  
The  r epor t  concluded t h a t  cons idera t ion  should be g i v e n  t o  d e s i g n i n g  the 
hea t  r e j e c t i o n  system for base load condi t ions regard less  of the  a n t i c i p a t e d  
p lan t  capac i ty  f a c t o r ,  because the add i t iona l  t o t a l  c o s t  could be s i g n i f i -  
can t ly  l e s s  than the c o s t  penal ty  assoc ia ted  with under-design of t he  
cool i n g  sys tem. 

The studies were made w i t h  f o s s i l - f i r e d  power s t a t i o n s  i n  mind and 
probably r ep resen t  a s o p h i s t i c a t i o n  not  y e t  gene ra l ly  appl icable  t o  design 
of hydrothermal seothermal power s t a t i o n s ,  The developers of geothermal 
energy a r e  genera l ly  more concerned a t  the present  time w i t h  so lv ing  bas ic  
technical  problems than w i t h  f i n e  t u n i n g  the designs f o r  maximum performance 
w i  t h  varying p l an t  capac i ty  f a c t o r s .  

10, E .  C .  Guyer, D .  L .  Brownell, and R .  A .  Kack, Optimization-Simulation 
Methodology f o r  Wet/Dry C o o l i n g ,  Dynatech R / D  Company, f o r  the  E l e c t r i c  
Power Research Ins t i  tu te  , E P R I  FP-1096, May, 1979. 

11. E .  C .  Guyer, and D .  L .  Brownell, !det/Dry Cooling f o r  Cycling Steam-Electr 
P l an t s ,  Dynatech R / D  Company, f o r  the E l e c t r i c  Power Research I n s t i t u t e ,  
EPRI CS-1474, A u g u s t ,  1980. 
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ITEM - 

c 
ROUGH COST OF U S I N G  G E O T H E W L  HATER FOR 

POWER P L A N T  COOLI iJG - MILLS/KW-HR 

CHEMICAL COST 
PRETREATMENT 
CORROSION 8 SCALE 

T O T A L  

CAPITAL COST 

NOTE : 

, T O T A L  COST 

RESOURCE TEMPERATURE 

290°F 36OoF 

1 a 6-5 .1-3 
Oa8-1 I 5 Oi5-1 

2,4-6,5 1 a 5-4 

APPROX, 2 1 

4,4-8 I 5 2 I 5-5 

( A )  SLUDGE DI SPOSAL/PONDI NG COST Not INCLUDED 
(B) INCREMENTAL CONDENSER MATERIAL C O S T  ;JOT INCLUDED 
(c)  COST OF O P E ~ A T O R S  ASSUMED NEGLIGIBLE 
(D) RAFT RIVER TYPE GEOFLUID 
( E )  MINIMUMS ACHIEVED BY DEVELOPMENT 



APPENDIX P 



S I T E  P H O T O G R A P H S  

RAFT RIVER 5 M W  DOUBLE-BOILING 
P I  LOT B I NARY PLANT 

PHOTOGRAPHY BY 
RONALD D I P I  PPO 

DATE OF PHOTOGRAPHS : 
FEBRUARY 26, 1981 



P L A T E  N O , 1  

GENERAL V IEN OF PLANT S ITE 
HEAT EXCHANGERS AND TURBINE INSTALLATION AT LEFT, 
COOL I NG TOWER AND CONDENSATE TREATMENT FAC I1 I TY AT R I GHT 
WATER STORAGE (WHITE TANK), CONTROL BUILDING, AND 

SWITCHYARD AT CENTER-RIGHT I 





P L A T E  N O D 2  

WELLHEAD EQUIPNENT FOR WELL RRGE-3, 
ELECTRIC MOTOR FOR DRIVING DOWNHOLE LINESHAFT PUMP 8 

NOTE ENCRUSTATION OF SALT DEPOSITS ON MOTOR MOUNT, 





TWO HEATERS ON LOWER LEVEL ARE LIQUID ISOBUTAN 
SHELL-AND-TUBE TYPE WITH GEOTHERMAL BRINE 
AND I - C 4  ON THE SHELL SIDED THE HEATER AT FA 
LOW PRESSURE PREHEATER THROUGH WHICH ALL THE 

2/3 OF THE TOTAL I - C 4  FLOW, 
OTHER ONE IS THE HIGH-PRESSURE PREHEATER THA 

TWO HEATERS ON THE UPPER LEVEL ARE I -C4  BOILERS OF THE KETTLE- 
BOILER TYPE, THE ONE ON THE RIGHT I S  FOR LOW PRESSURE: THE 
OTHER ONE I S  FOR HIGH PRESSURE, 





TURB INE-GENERATOR INSTALLATION . 
TWO-STAGE, RADIAL- INFLOW TU 

I - C  INLETS MOUNTED WITH GEARBOX AND GENERATOR ATOP 
A C~NCRETE PEDESTAL. 

LUBRICATING OIL AND OTHER AUXILIARY EQUIPMENT ARE FITTED BELOW 

CONDENSER HOT WELL (LARGE HORIZONTAL VESSEL) I S  PARTIALLY 
THE TURBO-GENERATOR 

VISIBLE BEHIND THE PEDESTAL AT A LOW LEVEL I 

t 



i 



URE TURBINE 
WITH LARGE INDICATORS OF I -Cq  
INLET VALVE POSITION, 

COMMON EXHAUST PIPE MAY BE SEEN AT 
LEFT (LARGE DIAMETER PIPE LEAD1 
OFF TO THE LEFT), 
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