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1. Summary 

Three nominal 24 hour t e s t s  under summer, winter  and spr ing weather 

condi t ions , were run  on an Ormat geothermal binary power generati on 

machine. The machine, located a t  TAD'S Enterprises i n  Wabuska, Nevada i s  

suppl ied w i th  approximately 830 gpm of geothermal water a t  221°F and has 

two spray cool ing ponds. 

o f  geothermal water, freon, cool ing water and instantaneous e l e c t r i c a l  

product ion were recorded hour ly.  

During the tests,  temperature, pressure and flows 

A t  l e a s t  once dur ing each tes t ,  energy consumption o f  the wel l  pump, f reon 

feed pump and cool ing water pumps were made. These p a r a s i t i c  loads were 

assumed t o  remain f a i r l y  constant dur ing each t e s t  and, i n  fact ,  were the 

same dur ing each of the three tests .  Pa ras i t i c  loads were: 55 kW a t  the 

machine i t s e l f  f o r  the  feed pump and o i l  pump, and 186.6 kW f o r  the  

geothermal b r i n e  and cool ing water pumps. 

Power output o f  the  machine i s  l i m i t e d  by spray pond capacity. Net output 

ged f r o m  410.2 kW dur ing summer condi t ions when cool ing water was 65°F 

610.4 kW dur ing winter  condi t ions when cool ing water was 55°F. Cooling 

mperature dur ing the  summer t e s t  was abnormally h igh due t o  

ased b r i n e  makeup t o  the cool ing ponds. Under normal summer 

u t  should be higher. 

Problems w i th  t h  

water f lows prevented accurate thermodynamic analysis o f  the machine. We 

be l ieve  the cool ing water f l ow  rates t o  be f a i r l y  accurate. Br ine f low 

low meters used t o  measure br ine,  freon and cool ing 
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r a t e s  measured were on the order o f  4 t o  5% high and f reon f l ow  ra tes  were 

5% qor more too high. Using these assumptions, net  resource u t i l i z a t i o n  

ranged from 1.005 Whr/lb dur ing the summer t e s t  t o  1.55 Whr/lb during the 

w i  n t e r  t e s t  . 

Spray pond performance averaged 63% f o r  the f a l l  and winter  tests .  Average 

approach temperature was 11"F, considerably higher than a t y p i c a l  good pond 

approach o f  4-6°F. During periods o f  low humidity and l i g h t  winds, 

performance improved dramat ical ly.  

A v a i l a b i l i t y  o f  the Ormat u n i t  i t s e l f  dur ing the e i g h t  month t e s t  per iod 

was general l y  good, averaging 95.5%. Overal l  system avai 1 abi  1 i ty , 

inc lud ing  wel l  pumps, cool ing system and e l e c t r i c  g r i d  was somewhat l ess  - 
averaging 83%. The lowest monthly system a v a i l a b i l i t y  o f  63.8% was the  

r e s u l t  o f  a pump f a i l u r e  dur ing bad weather and i n a b i l i t y  t o  get  

replacement pa r t s  t o  the s i t e .  Power sales f o r  the 12 month per iod o f  

A p r i l  1985 through March 1986 amounted t o  2809 MW hours, f o r  a capacity 

f a c t o r  o f  77.5%. Capacity fac to rs  dur ing cold weather can exceed 100%. 

For example, December was 101%, even though a v a i l a b i l i t y  was only 86.6%. 

The l a r g e s t  number o f  f a u l t s  have been due t o  e l e c t r i c  g r i d  f l uc tua t i ons .  

se are usua l l y  o f  very sho r t  durat ion and t h  u n i t  was usual ly  res ta r ted  

her problems noted d u r i  ng the per iod seemed t o  be the 

i n  the generator, c i r c u i t  breakers and main feeder 
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TAD'S personnel report t h a t  the machine was easy to operate and to  perform 

schedul ed mat ntenance on. 

. 3  



I . i : 

c 

2. Introduction 

T h i s  i s  the r epor t  of a program t o  monitor and evaluate the operation of a 

small geothermal binary power plant .  The program was a j o i n t  e f f o r t  of 

S i e r r a  Pac i f ic  Power Company (SPPC),  Idaho Power Company (IPC), E l e c t r i c  

Power Research Institute (EPRI 1, Oregon Department of Energy (ODOE) , Ormat 

Systems Incorporated (Ormat) , TAD's Enterprises ( T A D ' S )  and the OIT 

Geo-Heat Center (OIT). The plant monitored and evaluated was a 600 kW 

Ormat binary machine owned by TAD's and located a t  Wabuska, Nevada. 

SPPC coordinated the program and contracted w i t h  EPRI f o r  funding t o  

purchase test  instrumentation. SPPC, IPC, Ormat and OIT provided support  

f o r  carrying out  the tests. TAD's provided the machine, allowed personnel 

on s i te  t o  perform the tests and provided operational his tory.  OIT, under 

con t r ac t  t o  ODOE, assimilated test data  and prepared the f ina l  repor t .  

ODOE funding was provided through a 1 arger ODOE grant  ( DE-FG07-79R000077 1 

from the US Department of Energy. 



3.  Objectives and Approach 

The object ives o f  the  t e s t  program were: 

1. To monitor the performance of the system as a whole and o f  each 

subsystem, i .e. product ion we l l  and pump, binary machine and cool ing ponds. 

2. 

p red ic t ions  o f  a computer program. 

Perform energy balance ca lcu la t ions  and t o  compare the r e s u l t s  w i th  

3. 

t o t a  

Provide TAD'S w i t h  suggestions f o r  improving the performance o f  the 

system o r  subsystems, p a r t i c u l a r l y  the spray cool ing pond. 

4. 

generation i n s t a l l a t i o n s .  

Provide operat ional  data t h a t  could be o f  value i n  fu tu re  b inary power 

The t e s t i n g  program consisted o f  monitoring system operation dur ing three 

nominal 24 hour t e s t  per iods a t  d i f f e r e n t  ambient weather conditions; 

, f a l l  and winter.  A t  one hour i n te rva l s ,  records o f  temperature, 

pressure and f l ow  ra tes  o f  geothermal f l u i d ,  b inary f l u i d  and cool ing water 

de. Also recorded were instantaneous e l e c t r i c a l  energy product ion 

and running t ime of pumps i n  order t o  ob ta in  ne t  e l e c t r i c a l  energy output. 

It was assumed t h a t  the p a r a s i t i c  load pumping energy f o r  the wel l ,  b inary 

and cool ing pond would remain r e l a t i v e l y  constant dur ing the  24 hour 
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A f t e r  t he  tests, energy balance ca lcu lat ions were made and p l o t s  made o f  

e l  e c t r i  ca l  output, cool i ng water temperature, enthalpy ou t  a t  the expander 

and tu rb ine  generator e f f i c i ency .  These ca lcu lat ions were made i n  order t o  

v e r i f y  t h a t  the t e s t  records and procedures were essen t ia l l y  correct .  

Fur ther  analysis of the system was performed t o  ob ta in  second law 

e f f i c i e n c i e s  using the exergy analysis method proposed by DiPippo and 

Marcel 1 e (Geothermal Resources Counci 1 Transactions, Vol 8 ,  August 

P 



4. System Descr ip t ion 

The system a t  TAD'S, l i k e  a l l  b inary power generation systems, has three 

major subsystems; the product ion well  and pump, the b inary machine and the 

cool ing system. The Ormat b inary machine i s  sk id  mounted and consists o f  

evaporator, tu rb ine /  generator, condenser, b i  nary f 1 u i d  feed pump and 

associated cont ro ls  system. 

the spray cool ing ponds. F igure 1 shows a s i m p l i f i e d  schematic diagram o f  

the system. 

The cool ing system, i n  t h i s  i n s t a l l a t i o n ,  i s  

Production Well and Pump 

The wel l  was d r i l l e d  i n  1959 t o  a t o t a l  depth o f  350 fee t  w i th  12 inch 

outside diameter casing t o  t o t a l  depth. Bottom hole temperature was 

repor ted a t  221°F. 

A Hughes C e n t r i l i f t  downhole pump was i n s t a l l e d  l a t e  i n  1983. The pump i s  

a Series 875 Model 1 P, Type 1 6 - 700, w i t h  four  stages, dr iven by a 

Ser ies 544, Model GMB, 100 hp motor. The pump was hung on 7 inch  outside 

d i  ameter t u  b i  

' 

w i t h  the pump i n l e t  o r i g i n a l l y  a t  285.feet.  The pump i s  

m a t  353 f e e t  t o t a l  dynamic head. 

ormed by Geothermal Development Associates (GDA) i n  1984 

rawdown o f  246 f e e t  a t  754 gpm and 214 f e e t  a t  729 gpm. The 

a i r  l i n e  t o  measure drawdown i n s t a l l e d  w i t h  the pump was found t o  be 
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inoperat ive dur ing the cu r ren t  f i r s t  two tes ts  due t o  corrosion. This 

prevented measurement of drawdown during these tests.  

Just  p r i o r  t o  the t h i r d  t e s t  a cable seal f a i l u r e  necess 

the pump pump, and a new bubbler tube was i n s t a l l e d  w i th  

pumping l e v e l  t o  be obtained i n  the t h i r d  test .  

24 feet ,  a t  t h a t  time, t o  309 f e e t  below the we 

ta ted p u l l i n g  the 

al lowing the 

The pump i n l e t  was lowered 

head flange. 

During the t h i r d  test ,  the pumping leve l  remained constant a t  208 f e e t  w i t h  

an ind icated f l o w  o f  845 gpm. Although t h i s  seems t o  i nd i ca te  increased 

we l l  p r o d u c t i v i t y  s ince the GOA tes t ,  i t i s  now known t h a t  TAD'S wel l  i s  

a f fec ted  by neighboring wel ls  and there are no records o f  neighboring 

w e l l ' s  f low r a t e s  dur ing e i t h e r  GDA's t e s t  o r  our tests .  

bel ieved t h a t  the f l o w  meters cu r ren t l y  used indicated f lows higher than 

they ac tua l l y  were. 

It i s  a lso 

Pip ing f r o m  the wel l  t o  the binary u n i t  i s  approximately 500 f e e t  o f  d i r e c t  

bur ied Schedule 30, 8 5/8" OD s tee l .  Discharge from the u n i t  was through 

0 f e e t  o f  Schedule 30, 8 5/8" OD s tee l  t o  an open d i t ch .  

he d i t c h  i s  routed t o  a neighboring aquaculture 

i n g  prawns and c a t f i s h  . During December, between 

p i p e l i n e  was i n s t a l l e d  t o  carry water t o  the 

1 t u r e  f a c i l i t y .  

up water f o r  the cool ing ponds was taken from the discharge l i n e  about 

Make-up f low i s  manually con t ro l l ed  15 f e e t  before discharge t o  the d i tch.  

by a valve a t  t h a t  p o i n t  and w i t h  a valve a t  the end o f  the discharge 
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providing back pressure t o  the line. Make-up water is  routed t o  a small 

precooling spray pond and then pumped t o  the main cooling ponds. Make-up 

water flow is  provided as required based on observation of the cooling pond 

level, and usually amounts t o  about 200 gallons per minute. 

the discharge line, measured a t  the evaporator o u t l e t ,  varied from a h i g h  

Pressure on 

of 96 psi when f i l l i n g  the spray pond t o  a low of 4 psi w i t h  normal make up 

flowing. T h i s  pressure a f f e c t s  the to t a l  dynamic head on the brine pump 

and therefore  the brine flow. 



Binary Machi ne 

The binary u n i t  a t  TAD's was b u i l t  i n  1982. 

1 arger ser ies o f  geothermal /i ndustr i  a1 process heat recovery u n i t s  t o  be 

manufactured by Ormat. The u n i t  i s  o f  modular cons,ruction, the e n t i r e  

machine i nc lud ing  evaporator and condenser being contained i n  an 8 '  X 8 '  X 

40' open box frame. The u n i t  was o r i g i n a l l y  designed t o  operate as a waste 

heat recovery u n i t  on Freon 11 wi th a s ing le  stage impulse turbine. That 

app l i ca t i on  f a i l e d  t o  mater ia l ize.  For operation a t  the lower temperature 

ava i l ab le  a t  TAD's, the u n i t  was modif ied t o  operate on Freon 114. 

It was one o f  the f i r s t  o f  the 

Although the machine i s  a nominal 600 kW un i t ,  i t  has an 800 kW generator. 

More than one approach was considered i n  opt imizing the system design. For 

example, one opt ion i s  t o  e x t r a c t  heat from a greater mass f low r a t e  o f  

resource. Using t h i s  approach the geothermal f l u i d  a t  TAD's could. f o r  

example, be cooled from 221°F t o  approximately 203°F. This would a l low a 

h i  gher vapori z a t i  on temperature, and a corresponding increase i n Carnot 

f f i c i e n c y ,  a t  the expense o f  an increased resource f l o w  rate.  

The approach taken w i th  the modif icat ions t o  the Ormat u n i t  operat ing a t  

TAD's was t o  optimize the system t o  cool the resource t o  approximately 

herefore ex t rac t i ng  the  same amount of heat as the f i r s t  method, 

he geothermal resource f low ra te .  This lowers the 

nce the working f 1 u i d  vaporizing temperature w i  11 

b u t  using one t h i  

s s a r i l y  be lower; however, the e l e c t r i c a l  power output per u n i t  mass o f  

resource i s  increased and the br ine pumping requirements are lower. 

11 
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The equipment modifications t o  the u n i t  included a change of working f l u i d s  

from Freon 11 t o  Freon 114. Modification of the vaporizer heat  exchangers, 

t o  change the configurat ion from the or ig ina l  two passes t o  four passes, 

reduced the flow rate of brine through the exchanger about 50%. The 

turbine wheel was changed i n  order t o  take advantage of the increased 

working f l u i d  flow. The capaci ty  of the working f l u i d  feed pump was 

increased, as was the r a t i n g  of the feed pump motor. In addi t ion,  a 

cooling fan was added t o  the power control cabinet ,  s ince  i t  had been 

o r i g i n a l l y  intended f o r  i n s t a l l a t i o n  i n  an a i r  conditioned control room. 

In order t o  accommodate a range of operating conditions,  the turb ine  inlet  

manifold is  d iv ided  i n t o  three sections.  

valve (V,)  and associated piping supply working f l u i d  flow t o  nozzles 

During s t a r t  up a 4" t h r o t t l i n g  

und 45 degrees of the turb ine  inlet ,  t h u s  providing a ' s o f t '  start.  An 

valve (V,) and piping supply working f l u i d  flow t o  nozzles around an 

addi t ional  225 degrees. 

suppl ies  working f l u i d  t o  the turbine under low power conditions,  i .e. 

reduced geothermal flow o r  high cooling water temperatures. 

( V g )  and p i p i n g  s u p p l y  the nozzles around the remaining 90 degrees of 

T h i s  valve is normally open dur ing  operation and 

A 6" valve 

manifold and is  opened when ful  geothermal flow is  ava i lab le  and 

atures a r e  low, t h u s  providing f u l l  power t o  the 

gement provides power control whi  1 e maintaining near 

t i o n s  under varying working f 1 u i  d f 1 ows, varyi ng 

perature  and pressur i f f e r e n t i a l  conditions.  In the u n i t  a t  TAD'S, 

valve i s  pneumatical l y  control led by evaporator pressure sensors. 

The 6" and 8" valves a r e  solenoid control led.  In newer models of these 

machines, the valves a r e  computer control led.  



The turb ine  power and, therefore ,  generator output,  appears t o  be limited 

by the cooling pond capaci ty .  During warm weather operation, 8" valve V 2  

is open providing freon vapor flow t o  225 degrees of the turbine inlet  

manifold. When the condenser can handle the addi t ional  flow, 6" valve V 3  

is  opened, providing addi t ional  output. Valves V 2  and V 3  a r e  e l e c t r i c a l l y  

control led by switches located i n  the control panel. 

notes cooling water o u t l e t  temperature is s u f f i c i e n t l y  low (about 85"F), a 

valve i s  opened. 

temperature t o  rise above about 88'F, the valve i s  closed. 

When the operator 

If the addi t ional  flow causes cooling water o u t l e t  



Cooling System 

As originally installed, the cooling system consisted of a single spray 

cooling pond 400' X 125 ' .  Cooling water was pumped from one corner o f  the 

pond by a PAC0 50 hp pump. Cooling water flowed th rough  approximately 500 

feet of buried 12 inch PVC pipe w i t h  a steel pipe section a t  bo th  the pump 

outlet  and condenser inlet. From the condenser, water flowed back through 

a similar 12 inch buried pipe and t o  the pond a t  the center of the 400 foo t  

dimension. Desired cooling water flow rate was 2500 gpm. 

manifold consisted of a single length of 360 feet  of 12 inch steel pipe 

supported three feet  above water level. The spray system consisted of 24 

sets of five 1 1/2 inch CX-30 nozzles each, mounted a t  the center and ends 

of 2 1/2 inch, 10 foot  long steel pipes. 

of the pond t h r o u g h  a four inch pipe terminated w i t h  a similar nozzle 

arrangement. 

was f i rs t  visited i n  February 1985. 

The spray 

Make up water entered a t  a corner 

See Figure 2 ,  This was the pond configuration when the s i t e  

Several problems w i t h  the cooling system were noted dur ing  warm weather 

pump, rai sing pond out1 e t  temperature (condenser inlet)  above the average 
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FIGURE 2 
FIRST POND- 
Nozzle Type- Spray System 
1 1/2" cx-3 
22 Nozzle Assys-110 Nozzles Tota l  
Nozzles 3 '  Above Water 

Same as  Pond #1 

FIRST POND 

SECOND P o w  

SECOND POND 

-. - - . . 4001 - >+* 30 'q I- 



During the summer before the t e s t s  were started, several changes were made 

t o  the cool ing system. 

1. A second coo l ing  pond was constructed adjacent t o  the f i r s t .  This 

nd was equipped w i t h  a manifold and spray nozzles dup l i ca t ing  those i n  

the f i r s t  pond. 

water from the f i r s t  pond t o  the sprays i n  the second. A new cool ing pump 

i n l e t  box, p ip ing  and valves were i n s t a l l e d  t o  take water from the second 

pond. Two 8" PVC pipes between the  ponds equalize water leve ls .  Make up 

water continues t o  go t o  the f i r s t  pond. This arrangement increases the 

cool ing capacity and e l iminates the  shor t  c i r c u i t i n g  o f  make up water. 

Two 10 hp 1500 gpm Aurora pumps were i n s t a l l e d  t o  pump 

. Addit ional  cool  i ng 

p a r a l l e l  t o  the  o r ig ina  

i n l e t  and o u t l e t  and a t  

water p ip ing  o f  the same s ize  was i n s t a l l e d  

16 



have reduced condenser inlet temperature by at least 15°F under most 

conditions . 



i n a l l y  envisioned, t h e  tests  and instrumentat ion were set  up so t h a t  

h subsystem; product ion w e l l  and pump, binary u n i t ,  and cool ing system, 

be monitored and t h e i r  e f f i c iency  and operating charac ter is t i cs  

calculated. F igure  3 shows a d e t a i l e d  schematic o f  the system and 

Table 1 l i s t s  the instrumented parameters and 

A provides a l i s t  o f  

strument t e s t  po ints .  

en t  data. As can be seen on 

s were measured a t  the i n l e t  and 

and condenser i n l e t  and out1 et .  

nergy use ( f o r  p a r a s i t i c  loads), 

eed and d i rec t ion ,  e t  and dry bulb temperature were a lso  
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TABLE 1 

I 

Instrumented Operating Parameters 

Production Well & Pump 
Well Pump Power El 
Pump Set t ing  
S t a t i c  Water Level 
Pumping Water Level 

Pos i t i ve  Pump Head 
Well Head Temp. 
Well Head Pressure 

w i n e  Flow Rate 

105 A 464V (measured ahead o f  

285 ft tes ts  1 & 2, 309 f t  t e s t  3 
Not Avai l .  

208 ft t e s t  3 ,  assumed same f o r  

77 f t  tes ts  1 & 2,  101 f t  t e s t  3 
223°F 
210 - 96 ps i  

step up transformer ) 

1 & 2  

20 

621 - 894 gpm 
221°F 
17 - 96 p s i  
160 - 173°F 
10 - 87 ps i  
360 - 607 gpm 
77 - 99°F 
133 - 153 p s i  
186 - 195°F 
113 - 138 ps i  
24 ps i  ( t e s t  1 only) 

130 - 141'F 

17 - 35 ps i  

77 - 96°F 



g Water Temp. Pond O u t /  

Cooling Water Temp, Pump Outlet 
Cooling Water Press. Pump Outlet 
Cooling Water Temp. i n  Spray 

Avg. Temp. 1st Pond 
Avg. Temp. 2nd Pond 
Dry Bulb Temp. 

Wet Bulb Temp. 

54 - 78°F 

0.43 psi 
54 - 78°F 
21 psi 
50 - 76°F 

56°F 
54 - 61°F 
30 - 98°F 

29 - 1°F 

13.5 A Q 460 
13.5 A Q 460 

Measured a t  
base o f  spray. 
Avg. o f  6 
Avg. o f  6 
Measured near 
Ormat u n i t .  
Measured near 
Ormat U n i t .  

V 
V 



on cassette tapes and reduced t o  pr nted form by IPC. The weather monitor 

rted operati on Ju ly  1 0 t h  and ran continuously throughout the seven 

months except fc r  the three days during the f i r s t  t es t  when the tape was 

inoperative and between about  November 1st  and November 1 7 t h  when n i g h t  

data was erroneous b u t  day time da ta  was correct. The exact cause of 

h i s  has no t  been determined. 

Electrical energy use fo r  parasitic loads El and E j  thr ugh E6 were 

measured us ing  a clamp type ammeter and c l i p  on voltmeter a t  some time 

during each of the 24 tes ts .  I t  was assumed tha t  these loads would be 

constant during system operation. Power t o  the 1 hp expander o i l  pump E8 

and the instrument a i r  compressor E7,  wh ich  runs only intermittently , were 

not measured. Power for the feed Pump E3 and compressor E7 i s  supplied 

from the control cabinet circuitry between the generator and o u t p u t  meter. 

The o u t p u t  meter therefore measures E2 net power from the modular u n i t .  

Cooling pond temperature T13 and T14 was measured using mercury i n  glass 

ately 6 feet  out  from the bank. 

locations i n  the f i r s t  pond and five 

d. Temperature i n  the spray was taken by suspending 

a t  two locations, pu i n g  the cans quickly 

perature a t  the cool ing pump 

ere measured a t  the pump head 

bulb  TI6 and dry bulb T15 air temperature were also measured w i t h  

ury i n  glass thermometers. These measurements were taken near the 
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nary u n i t  about 500 feet  from the ponds so that measurements would not be 

affected by the ponds. 

ectrical energy o u t p u t  dur ing  the tes ts  was measured by count ing  turns 

and t i m i n g  five or more turns o f  a kilowatt hour meter a t  the control pane 

t h  a stop watch. Short ly  after the f i r s t  t e s t  TAD'S  installed a 

rd ing  kilowatt hour and power factor meter, and this was used as a 

ross check on electrical o u t p u t  during.the -. second tes t .  This meter was 

o t  available dur ing  the t h i r d  test. . 

I t  appears that electrical o u t p u t  measured by counting turns on the kWh 

meter a t  the Ormat u n i t  may be about 10 kW h i g h .  For instance, a t  1230 and 

0 hours, March 6 t h  u n i t  o u t p u t  as recorded from the kWh meter was 562 

Major parasitic loads (measured w i t h i n  several hours and assumed t o  be 

fa i r ly  constant) totaled 187 kW and s i t e  o u t p u t  measured a t  Sierra 

Paci f i  c' s bi  -di rectional k i  1 owatt hour meter was 370 kWh dur ing  the hour. 
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During the fa l l  test i t  was noted that dur ing  a four hour period la te  i n  

the tes t ,  brine flows were low. 

showed the flc:: meter readings t o  be i n  error. The flow meters were taken 

t o  the University of California Water Resources Lab a t  Davis for  

cal i brati on. A1 though the cal i brati on runs provided somewhat scattered 

results, i t  appeared the meters gave readings 23 t o  10% h i g h .  

Subsequent heat balance calculations 

Flow meters were calibrated u s i n g  the time and known volume method. The 

flow meters indicate flow rate  and have a totalizer which electronically 

multiplies flow rate  by time t o  arrive a t  total flow. The calibration 

faci l i ty  has a series of known volumes where water level i s  measured 

electrically and time i s  measured t o  the nearest second. 

4,300 gal lons  i n  times ranging from 240 t o  over 900 seconds, w i t h  volume 

and time noted a t  three points during the run. Total flow for  the tes t  and 

flow rate were compared and a percentage error calculated. Results of the 

calibration for the electronicdsensor combinations used t o  measure br ine ,  

cooling water and freon are shown in Figure 4. Note that there appears t o  

be an increase i n  error a t  the lower velocities. 

Typical runs were 

P i p i n g  sizes on the Ormat 

achine were such that veloc ies were i n  the 4.8 to 6.5 ft /sec range, 

ve the measur 

1 i bration run indicated tha he electronics/sensor 

red t o  be the most accurate o f  the three a t  the velocities 

i n g  water piping and there should be sufficient particles i n  the 

cooling water flows are probably fair ly  

water f o r  good sonic echos. Measured brine flows are probably about 6-7% 

h i g h  (50-60 and there should have 

25 

been suf f i ci ent particles and 



ulence to  obtain good echos. The measured freon flows are more i n  

ub t .  There is  a large variation i n  calculated heat balances and there 

not be enough particles i n  the freon t o  obtain steady echos. 

Effects of Measurement Errors 

order t o  check recorded data, programs for hand held TI 59 calculators 

re developed. The programs calculate enthalpies, and u s i n g  the 

culated enthalpies i n  and o u t  of the turbine and refrigerant flow, a 

ue i s  calculated for heat o u t  a t  the turbine. The same procedure i s  

employed t o  determine heat i n  a t  the evaporator and heat o u t  a t  the 

condenser. Theoretical feed pump work i s  calculated from flow rate and 

he brine and'cooling water sides, flow rate and temperature change are 

o calculate heat i n  and heat o u t  respectively. 

hangers are then 

working f l u i d  side value ( i n  

or cooling water side value ( i n  

d as a check on 

e difference i s  then 

error f i gure. 

heat flow from the generator t o  the 

nser (depending upon ambient 

erature), will take place, error figures greater than a few percent 
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indicate a problem w i t h  i n p u t  data. 

I 

Table 2 presencs error information on the program's calculation of key 

em enthalpi es. Note that usi ng the program' s cal cul ated enthal p i  es 

lted i n  errors of a few tenths of a percent. 

In order t o  determine the serviceability of the program t o  changes i n  i n p u t  

data, a single data se t  from the fall  t e s t  was selected a t  random. 

teen groups, for a total of thirty-nine r u n s  were made, each changing a 

single i n p u t  value by 1"F, 1 psi or .1 ft/second. Table 3 summarizes the . 

results o f  this tes t .  The results indicate that an instrument error of 1%, 

1 psi or 0.1 feet/second will result i n  calculated values being i n  error by 

Seven- 

bout 2% or less except i n  the condenser. Since the cooling water 

mperature change across the condenser is  relatively small and the mass 

flow rate is h i g h ,  an error of 1°F w i l l  result i n  a 5.4% error i n  cal- 

cul ated enthal pies . 

the problems noted w i t h  the flow meters dur ing  the fa l l  t e s t  

subsequent d i  f f  i cul ti es i n  cal i brati on these i t  i s  important 
t o  note the machine performance accuracy was affected by errors i n  flow 

measurement. These errors will, i n  general, be higher than those caused by 

so, One has more confidence i n  temperature 

hese instruments are inherently less prone 

ble and were calibrated and/or checked before and after t e s t  

r s  i n  other measurements. 

and pressure measurements sin 

runs. T h i s  will be discussed further under results o f  the second t e s t  

here there were apparently errors i n  flow measurement. Unfortunately 
there appears t o  be no way i t  can be determined how much any of the tes ts  
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were affected. Readers should keep i n  mind t h a t  stated resu l ts  - may be 

based on erroneous flows. 

A summary o f  program output f o r  the summer and f a l l  tes ts  i s  shown i n  

Tables 4 and 5 .  
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TABLE 2 

Accuracy o f  Program Calculation o f  Key Enthalpies 

Value - 
125.3 psig 
125.3 psig 
105.3 psig 
105.3 psig 

24 psig 
24 psig 
16 psig 
16 psig 

20.945 
17.959 
15.167 
23.479 

Temp. 

190'F 
180°F 
19O'F 
180°F 

130'F 
140'F 
130'F 
140°F 

85'F 
80'F 
75°F 
89°F 

Tab1 e 
Value 

97.960 
95.900 
98.770 
96.762 

90.948 
92.752 
91.231 
93.023 

28.088 
26.865 
25.651 
29.071 

- 
Program 

Cal alation 

98.008 
95.938 
98.744 
96.674 

90.942 
92.762 
91.240 
93.060 

28.088 
26.933 
25.778 
29.012 

Error % Error i n  
Difference % Ah Turbine 

+O .048 +0.05 +0.7 
+O .038 +0.04 +0.5 
-0.026 -0.03 -0.4 
+0.012 +0.01 +0.2 

- 

-0.006 -0.007 -0.08 
+0.010 +0.01 +0.13 
+o .009 +0.009 +0.12 
+O ; 037 +0.04 +0.04 

- 0 - 0 
+O .068 +O. 25 
+O ,127 +O .49 - 
-0.059 -0.20 , - 

% Error 
Ah Cond. 

- - - - 
+o .009 
-0.015 
-0.014 
-0.055 

0 
+0.11 
+o .09 
+0.09 



Error in Temperature 
Evaporator At EFror 
Evaporator Heat in Error 

Run #2, +lo Brine out Temp. 

Error in Temperature 
Evaporator At Error 
Evaporator Heat in Error 

Run #3, +.l  Ft/Sec Brine Flow 

Velocity Error 
Evaporator Heat in Error 

f 
Run #4, +1'F Working Fluid in 0 Evaporator 

None 

+O .45% 
+l.  72% 
+l. 72% 

+O. 62% 
-1.72% 
-1.72% 

+2.02% 
+2.02% 

Run #5, +1 psi Working Fluid in @ Evaporator 

None 

Run #6, +1"F Working Fluid out o f  Boiler/in @ Turbine 

Error in Temperature +O. 52% 
Error Enthalpy 
Error Ah Turbine 
Error Ah Evaporator 

+o. 21% 
+2.74% 
+O .29% 

Error in Pressure +O .85% 
Error Enthalpy -0.03% 
Error Ah Turbine +O .49% 
Error Ah Ev or -0.05% 

+2.13% 
+2.123% 
+2.13% 
+2.13% 

+l. 89% 
c .#" 

Error in Temperature 
P.--l,.-- S I - L . - . -  .* 

LI r UI w u  I 1 ng wazer ox - 5 . G  
Error in Heat out (Cooling Wtr) -5.4% 
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I 

Run #13, +l0F Leaving Cooling Water Temperature 

Error in Temperature +l. 40% 
Error in CW At +5.4% 
Error in Heat out +5.4% 

Run #14, +0.1 Ft/Sec Cooling Water Velocity 

Error in Velocity +l. 67% 
Error in Cond. Heat out +l. 67% 

Run #15, +1"F Temperature out OF Turbine/in Q Condenser 

Error in Temperature +o .74% 
Error in Enthalpy +o .20% 
Error in Ah Turbine -2.41% 
Error in Ah Condenser +O .28% 

Run #16, +1 psi Turbine out Pressure/Condenser Entering Pressure 

Error in Pressure +3.13% 

Error in Ah Turbine +O .49% 
Error in Enthalpy -0.04% 

Error in Ah Condenser -0 06% 

Error in Temperature +l. 29% 
Error in Enthal py +O .87% 
Error in Ah Condenser -0.36% 
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Table 4 

Summary o f  Summer Test Results 

B r  i ne 
Temp. Water Temp. 

Cool i ng 

21 79.0 
21 76 .O 
21.5 77 .O 

221.5 77.5 
222 77 .o 
218 74.5 
222 
222 
222 
222 
221 
220 
221 
221 
221 
221 
221 
221 

75.5 
75.0 
74.5 
73.7 
73.0 
73.0 
72.2 
72 .O 
70.0 
74.5 
72.5 
74 .O 

22 1 77 .O 
221 77.8 
221 78.8 
22 1 79.2 
221.5 79.5 
221.5 80.0 
221.5 70.8 

78 .O 
76 ,O 
74.5 
74.0 
72.5 
71.0 
70.0 

Cal cu l  ated 
kW out  of Machi ne Measured kW 
Turbine Performance Index ou t  o f  Gen. 

513.5 
530.6 
491.4 
494.4 
471.2 
534.3 
536.5 
536.5 
540.9 
510.2 
564.8 
577.7 
549.5 
537 .o 
577.4 
544.1 
558.7 
559.9 
496.2 
463.9 
466.0 
504.1 
507.3 
524.6 
508.6 
539.3 
517 .O 
523.5 
526.9 
504.6 
525.6 
527.1 
557.6 
580.6 
586.6 
672.9 
647.2 
637.3 

8.2 
8.5 
8.5 
8.8 
8.9 
8.9 
9.0 
9.0 
9.4 
9.5 
9.5 
9.8 
9.7 
9.7 
9.9 
8.6 
8.7 
8.7 
8.9 
8.4 
8.5 
8.7 
8.8 
8.8 
0.0 
8.8 
8.8 
9.2 
8.0 
7.7, 
8.0 
8.3 
8.7 
9.1 

10.5 
10.5 
10.0 
9.9 
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no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 
no data 



Table 5 

Summary o f  Fall Test Results 

Cal cul ated 
Cool i ng kW out of Machi ne Measured kW Brine 

Temp. Water Temp. Turbine Performance Index out o f  Gen. 

220 53.5 627.7 10.3 
10.3 54.5 604.3 
10.1 

22 
55.5 667.7 22 

9.7 
220 

56.5 622.8 
9.8 

220 
56.0 623.6 

9.9 
220 

55 .O 621.6 
9.5 

220 
55.8 584.2 

9.7 
220 

55.8 603.6 
9.8 

220 
55.5 617.1 

I 55 .O 604.8 9.9 
22 1 

9.9 
221 

54.5 608.9 
9.0 

221 
' 55.0 ' 551.2 

8.8 
220 

54.0 513.8 

53 .O 573.8 10.3 
52.0 591.7 10.3 

636.0 10.4 
603.7 10.4 
630.2 10.7 
687.3 10.7 
688 .O 10.6 
667.9 10.4 

i 

I 56.0 630.1 9.9 

53.5 595.7 10.2 

646.3 
640.5 
638.2 
631.6 
629.8 
630.7 
631.9 
631.6 
631.6 
634.2 
637.3 
638.9 
641.2 
645.3 
649.9 
652.1 
655.1 
661.7 
663.8 
665.4 
663.3 
659.2 
653.1 

i 



6. Measured Performance 

Summer Test 

The summer t e s t  was scheduled for August 14, 1985. The binary u n i t  had 

been operating normally for several weeks w i t h  only brief electrical 
1 

isance trips due t o  g r i d  voltage fluctuations. On August 1 2 t h ,  the 

underground power cable t o  the production well pump failed. The problem 

was located and repaired and the system went back on line la te  August'  1 3 t h .  

The t e s t  started on schedule. On hand t o  take and record data were 
1 

personnel from SPPC, IPC,  Bonnevi 11 e Power Admi n i  strati on ( B P A )  and OIT. 

Ormat personnel were there as observers and t o  ass is t  w i t h  t es t  

instrumentation for the u n i t .  TAD'S personnel were performing their 

regular operational duties. The tes t  started a t  6 pm, August 1 4 t h  and 

ded a t  11 am, Augus t  1 6 t h .  

he cooling ponds during the down 

ater level i n  the pond had lowered 

ng water pump was intermittently taking a i r  due 

over the in le t  pipe.  In order t o  correct 

ine discharge flow was being 

nd ponds as make up. A t  8 am, August 

, t h i s  was increased t o  nearly a l l  the discharge and was reduced t o  

one t h i r d  f l o w  a t  2:30 prn t h a t  day. Make-up flow remained constant 
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Since the brine discharge valve position affects the pressure head on the 

production well pump, as measured a t  P1 and P2,  flow rates will change as 

the valve is  opened or closed. These changes were readily apparent i n  the 

brine flow and pressures. As expected, other parameters quickly affected 

were brine temperature ou t  T2, freon temperature and pressure i n t o  the 

turbine T4 and P4, feed pump pressure P3 and t o  a lesser extent, cooling 

water temperature o u t  Tg and feed pump pressure inlet  P7. 

changed more slowly as the u n i t  moved t o  a new equilibrium condi t ion  (see 

Figure 5 ) .  Obviously,  introducing large amounts of hot  brine i n t o  the 

cooling pond will raise the pond temperature, b u t  also contributing were 

solar radiation, lack of any wind and ambient air temperatures approaching 

100°F. 

1 
Other parameters 

No attempt was made t o  separate o u t  these factors. 

Unfortunately, the effect of varying geothermal water flows on electrical 

energy o u t p u t  could no t  be obtained. I t  had been assumed that a kilowatt 

hour meter mounted i n  the Ormat u n i t  control cabinet was reading correctly. 

During the August t e s t  run, comparisons of calculated energy and measured 

energy d i d  not agree. Subsequent t o  the tes t  i t  was determined that the 

The t e r  had been incorrectly wired and was g i v i n g  erroneous readings. 

was replaced October 7 w i t h  one that had been tested in SPPC's  

meter shop and was available for  he fa l l  and winter tests.  

ve accurate readings and was unstable, i t  d i d  

a r  t o  follow t or instance, when the 6" turbine freon valve was 

rical o u t p u t  increased significantly (from 461 opened, the indic 

kW t o  nearly 500 kW) w i t h i n  two hours. 

meter indicated fluctuations of as much as 60 kW a t  consecutive hourly 

Instability was t o  the extent the 
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adings w i t h  no significant changes i n  any operating temperatures and 

pressures. Figures 6 and 7 are plots of electrical o u t p u t  versus entering 

l i n g  water temperature, and efficiency versus entering cooling water 

perature respectively. Al though the p l o t s  show a general trend, the 

data are so scattered they are of no value i n  assessing machine per- 

formance. 

cooling water temperatures when the 6" turbine in le t  valve was opened. 

data from the summer tes t  are contained i n  Appendix C. 

Figure  8 shows the effect of a power change on brine freon and 

Raw 

Table 6 shows a computer p r i n t o u t  of the available work analysis nkthod 

applied t o  selected data points from the summer tes t .  

were before and after some change i n  operating conditions was made. Some 

of the flows have been adjusted t o  account for fluctuations i n  flow meter 

readings taken (averaged for the tine conditions should have been constant) 

and a l l  temperatures are from the m u l t i  p o i n t  thermocouple recorder. 

The po in t s  selected 

A t  0800 on August 15th the machine was operating w i t h  only the 8" valve t o  

turbine in le t  open and approximate?y two thirds o f  the brine flow going. 

t o  the cooling ponds. A t  0815 the 4" turbine in le t  valve was opened and 
I 

i the brine discharge valve nearly closed,..diverting almost all  the brine t o  
t 

o l i n g  ponds. By 0900 the fol lowing results were noted. 

Brine flow was dec 

brine outlet tempe re and a decrease i n  avail 

available above a reference temperature - see Ap 

and sampl e cal cul ation 1 a t  the evaporator. Evaporator efficiency , however, 

imately 20% w i  t h  accompanying decrease i n  

increased. 
37 
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INPUT: DATA t-S 
D: SO800 SO900 Si100 S1200 S1400 SiSOO C? S2100 C? 

74 
40.049 40,049 39.0S1 39.53 47,039 47.039 42.046 

SO914 082L 

c?J a m 
79 T ( 0 )  

.0783 .0783 .076J .Of74 .0914 
H(O) 
S ( 0 )  s z 0 - m  
Q ( 2 )  100.19 82.16 82.16 82.16 82.L6 110.21 110.21 
m ( 2 )  -016054 ,01639 .01639 .015334 .016134 .016466 .016js1 
K ( 2 )  

189.24 189.24 189.24 189.24 189.24 189.24 189.24 
T(1)  

.3256 .3256 .3256 e3256 ,32S6 .3256 .3256 H(1) 
S(1) 

1942.417 lS60.611 LSa1.499 157Z.053 1410.139 3887.894 203f.046 
lS9 lS9 163.3 167 172.5 17 0 

E(%) ,m 
135.97 126.96 l26 .36  131.46 . U 4 . 9 ?  140.48 , U 7 . 9 7  

T(2 )  
.2441 .2297 .2297 .2369 -242s .%31 .2473 K(2) 

852.4862 565,4259 8 7 . 8 6 2 7  632.5320 574.6170 745.77556 4 1 4 . 1 ~ 4 4  
s ( 2 )  
E(11 ,Kw 
COOLZXG WAm 79 74 
T (7) 72 72 7 1  71.5 
Q ( 7 )  2is.s tas.5 285.5 285.3 285.5 285.5 . 2 8 s . 3  
VF (7 )  -016082 ,016012 .016035 .016035 ,01607 .03607 .0160Sa 
X(7 )  17752.77 177f2.77 17864.80 17804.80 17766.02 17766.02 17719.30 

40.049 40.049 39.051 39.55 47.039 47.039 42.046 .a783 .ofas . Of64 .0774 .os14 0914 .082Z R ( 7 )  

0 0 0 0 
86.S 

0 
S ( 7 )  
E(7)  8 4  84 T ( 8 )  83 83 ,J  

51.03~ 51.53 32.029 52.029 58.018 ~ 9 . 0 1 6  ~ 4 , 5 2 5  . fOS2 
a(a) 
E(8)  t-w 34.12687 35.31633 42.5022.5 48.78424 47.39013 39.43437 47.26618 
R-114 C? E 1  

74 
DEAD STAT'S: 
T(O0) 
X(OO) 24.926 24.926 24.685 24.806 26.672 26.622 25.409 
SjOO)  .OS236 .OS736 .051?1 .O f214  .05332 97 .OS932 ,05321 93 

53 .3  Q ( 3 )  52..3 55 .43  5 6 . 5  49 .8  49.78 52.04 T ( 2 )  

W(3) .o1.:~35 . o u z z a  .oi::~t .oi11:53 . O U Z S ~  .032276 .03123;3 

0601 ,0605 
5350 i 7 . 8 i 1 9 8  24.68140 25.56469 2s.03894 26.57331 

18 3 18 4 28 4 18 8 
6.32  97.23 96.19 96.56 97.25 97 . f7  

.1616 .1679 . S a 5  .168S 

a 
79 

G? 
72  72 7 1  71 .3  

6240.812 5 0 1 2 . a ~  ~ 0 1 2 . a ~  5005.483 4999.392 6633.ia6 6699.289 
221 22: 22 2 221 221 22 2 221 

168 

79 

0 
9 3  

.098fS ,0996i3 -2006 -1006 -113 -1134 

90 
0 

s w  

CI c?7 C? C? c7 
72  77 I -  79 . . 79 71.5 ** 

97.3 . 9 1  a9  90 84.3' 

4633.905 4965.736 5366.73': 4479.327 4437.428 4635.312 4771.248 
29 -531 29 449 31.3 33.44 30.326 

.0603. .0636 .0639 0619 

3491 a93.9738 ao4.494a 7 3 0 . 1 ~  ? 9 2 . ~ 9 9  m s s . r ~ 4 3  
128 . 133 136 131.5 

. I 7 1  -1717 1721 1714 
58 132.4314 94 L60.6326 95 184-4122 9 1  
88 

0596 .0623 0628 .061 
2.7SB7Sf 4.998 7.703863 L 4 1 8 4 1 l  3.080934 

1 - 2 5  91-58 90.09 90 .31  91.4 90.63 

.~SS 2a.a3z 30.305 30.561 29. f71  

s2290 
CY 

75.5 
43.544 

.0849 

110.21 
.016431 

6707.442 
221 

189.24 
.3256 

1990 .so5 
166.5 

134.47 

826.7556 

75.5 
285. f 

.016062 
17774.87 

43 544 
.OB49 

0 

56.022 

52.a3762 

Ct 
75 .3  

25.77: 
.os395 

9 4  
5 7 . -  

. .01.1227 
5139.396 
30.35; 

.Ob22 
28.36091 

19 1 
98.29 

-171 
892.3341 

141 
92.19 
,1743 

92 

.0614 
5.238843 

,2417 

aa 

IO79 

199.7010 

29 .a17 



. OUTPUT: SE 

SO800 SO900 100 81200 
A. EVAPORATOR 

EXERGY DR 1090.43 995.18 1 

2ND LAW E .77 .84 .86 -83 
EXERGY R I  836.83 839.10 866.16 779.81 

B. CONDENSER 
EXERGY DROP 144.61 165.59 194.22 
EXERGY RISE 34.13 35.55 42.50 

.24 .21 .22 2ND LAW EFFI 

C. FEED PUMP 
EXERGY RISE I N  19.47 21.89 25.06 

.35 .40 .46 2ND L A W  EFFICIENCY: 

D. TURBINE 
711.68 695.39 697.00 P 

N 

E. UNIT ENERG 
3.80 4.62 4.63 . 00 . 00 . 00 

164.26 
48.78 

.30 

19.68 
.36 

635.24 

4.23 . 00 
.oo . 00 . 00 . 00 
.oo . 00 . 00 . 00 
.oo .oo . 00 . 00 

F. MECXANICAL POWER DEVELOPED BY TURBINE: 
TURBINE INTERNAL 2ND L A W  EFFICIENCY: 
TURBINE ABSOLUTE 2ND L A W  EFFICIENCY: 

. 00 . 00 . 00 . 00 

.oo . 00 . 00 . 00 

.oo . 00 . 00 . 00 

G. N E T  ELECTRICAL PoWER DELIVERED TO BUSBAR: 
NET PIANT 2ND L A W  EFFICIENCY 
BASED ON I N L E T  GEO-FLUID EXERGY: 
BASED ON GEO-FLUID EXERGY DROP: 

11 .08 .OB .10 H. THERMAL EFFICIENCY: 

I. ACTUAL MODULE EFFICIENCY: 

J. OVERALL PLANT EFFICIENCY: 

51400 

835.52 
704 .SO . a4 
129.73 
47.39 

.37 

22.97 
.42 

597.73 

3.99 
.oo 
. 00 . 00 . 00 

. 00 

. 00 .. 00 

.09 

S1500 

1142.12 
767.56 

.67 

159.21 
39.43 

.25 

23.62 
.43 

631.97 

3.15 . 00 
. 00 . 00 . 00 

. 00 

. 00 . 00 

.10 

s 2  100 

1116.92 
834.59 

.75 

181.33 
47.27 

.26 

23.44 
.43 

676. i o  

3.37 . 00 

. 00 
- 0 0  . 00 

. 00 

. 00 . 00 
* 11 

52200 

1163.75 
863.77 

.74 

194.46 
52.84 

.27 

23.32 
.42 - 

692.63 

3.44 . 00 
. 00 . 00 
.oo 

. 00 

. 00 . 00 

.09 

. . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . .  - .....I.- - ........ . . . . . .  I._.I_ . . . . . . . . . . . .  ~ ~ _ _  - .  -- 



* 

I 

Condenser inlet temperature was s t i l l  being influenced by the previous 

n i g h t ' s  cooling and the exergy drop i n  freon was higher; however, due t o  

the increase i n  freon flow, the efficiency dropped s l i g h t l y  and exergy of 

;he cool i ng water increased sl i gh t ly  . 

The overall effect was a reduction i n  the exergy drop across the turbine 

and presumably lower electrical o u t p u t  even t h o u g h  more freon was flowing 

th rough  the turbine. 

There were no changes i n  valve settings between 0900 and 1100 and by 

compari ng temperatures and exergy avai 1 ab1 e a t  the measuring points , some 

effects of the mass temperature inertia i n  the evaporator and condenser can 

he seen. Exergy drop across the turbine; however, changed very l i t t l e  as 

the machi ne reached new equi 1 i brium condi t i  ons. 

A t  1115 hours, the 4" turbine inlet valve was closed and the 1200 data 



Although there were s l i g h t  changes l a t e r  t h a t  n igh t  as the machine reached 

new equi 1 i brium condi t ions and cool ing water continued t o  cool s l  i ght l y  , 

the ove ra l l  e f f e c t  o f  opening the 6" valve was r e l a t i v e l y  small. 

e 

'Since our primary i n t e n t  was t o  measure machine performance, we bel ieved 

the kWh meter was funct ion ing properly, there were o f f i c e  and l i v i n g  space 

cool ing loads, and considerable a c t i v i t y  a t  the maintenance shop which we 

wanted t o  exclude from our data, we d i d  not  take readings from SPPC's b i -  

d i r e c t i o n a l  meter u n t i l  l a t e  i n  the t e s t  when we suspected something was 

wrong. 

d i r e c t i o n a l  meter were noted. 

fed t o  the gr id ,  400.2 kWh between 0700 and 0800, and 405 kWh between 0800 

Ear ly i n  the morning o f  August 16th, four  readings o f  the b i -  

Between 0600 and 0700, 400.2 kWh had been 

and 0900. Calculated exergy drop across the turb ine a t  t h a t  t ime was 

approximately 685 kW. 

The t o t a l  p a r a s i t i c  load f o r  the Ormat system was 241.6 kW and loads 

associated w i t h  the l i v i n g ,  o f f i c e  and maintenance areas probably were on 

order of 4-5 kW. This would mean t h a t  the calculated exergy drop was 

4.8% high. 

This i s  i n  the e r r o r  range for the flow rates determined during the f low 

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

44 



If the brine flow meter error was 5% h i g h ,  then the following conditions 

existed d u r i n g  the last  few hours of the summer tes t .  

Brine in le t  temeprature = 221°F 

Brine flow = 833 gpm = 402,839 l b / h r  

Cool i ng water i n 1  e t  temperature = 64.5"F 

Cooling water flow = 2220 gpm 

Gross power = 651.8 

Parasitic loads = 247.6 

Net resource u t i  1 i zation efficiency : 

405 kW + 402,839 l b / h r  = 1.005 Whr/lb 

Net heat rate: 

402,839 l b / h r  x 55 B t u / l b  I 405 kW = 54,706 Btu/kWh 

Net thermal efficiency: 

3413 Btu/kWh + 54,706 Btu/kWh = 6.2% 



F a l l  Test 

The fal l  t es t  was scheduled for October 15, 1985. Four pressure gauges 

that had experienced v i  b ra t ion  damage were rep1 aced w i t h  cal i brated gauges 

and flow instrumentation installed dur ing  the morning. The tes t  started a t  

1 pm on October 15 and ended a t  1 pm October 16. Representatives of the 

same u t i l i t i e s  and OIT were on hand t o  take and record data, as were TAD's 

and Ormat personnel. 

The t e s t  appeared t o  be free of the problems experienced dur ing  the summer 

tes t .  TAD's had installed a meter which provided a paper tape record of 

electrical o u t p u t  and power factor which agreed w i t h i n  1.2% t o  1.4% w i t h  

the kW readings taken by counting meter wheel turns and recording times 

from the s top  watch. The new kWh meter had recently been calibrated i n  

SPPC's meter shop. Electrical o u t p u t  readings from the tape were used i n  

calculations since i t  was assumed they were more accurate t h a n  the counting 

- 

eet  for recording spray pond information had been developed by 

e sheet included a more complete temperature profile of the pond 

econd "thief" cup was installed i n  order 

ozzles i n  the interference area. During 

en only a t  the end of the spray 

dings  were taken every two hours. 
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A program f o r  Texas Instrument hand held ca lcu lator  T I  59 had been 

ped by the OIT Geo-Heat Center t o  t e s t  the accuracy o f  the i n p u t  

The program calcu lates an energy balance f o r  the system using 

enthalpies i n t e r n a l l y  calculated f r o m  temperature and pressure data. 

The only problem noted dur ing the t e s t  was an unexplained decrease i n  wel l  

eadings f o r  a per iod o f  4 hours (0400 through 07001, suggesting there 

have been a problem w i t h  the sensors or  instrument e lect ron ics.  

equent f l o w  meter c a l i b r a t i o n  tes ts  run a t  the Univers i ty  o f  

rn ia ,  Davis, water resources l a b  i n d i c a t e  t h a t  the f l o w  meters read 

2.5 - 10% high i n  the range o f  f lows i n  the Ormat u n i t .  The reason f o r  the 

temporary decrease i n  readings has not  been explained b u t  energy balance 

calcu!ations i n d i c a t e  they were i n  e r ro r .  Flow ra tes  were adjusted down 4% 

f o r  a1 1 subsequent calculat ions.  

Appendix D contains raw data taken a t  the s i t e .  

i n g  the f a l l  (second) t the machine appeared t o  run f lawless ly .  

e when the b r ine  charge valve was 

pen a t  1430 hours. This reduced the b r ine  

ps i  and b r i n e  o u t l e t  pressure from 10 

increased s l i g h t l y  b u t  a b r i n e  out1 e t  

i l  1600 hours when i t  had increased 

l y  constant f o r  t 

Prel iminary heat balances calculated a t  the s i t e  ind icated no r e a l  problems 

wi th  data b u t  ind icated a higher machine e f f i c i e n c y  than during the summer 
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tes t .  T h i s  was t o  be expected since the cooling water was nearly 20°F 

cooler than dur ing  the summer tes t .  

Graphs of measured o u t p u t  and efficiency vs entering cooling water 

temperature (F igs .  9 & 10) were prepared. A1 though there was some scatter 

he efficiency data, i t  appeared t o  be less t h a n  1% and the measured 

vs cooling water temperature was reasonably close t o  a s t ra ight  

Note that a 5°F decrease i n  entering cooling water temperature . 
results i n  a 35 kW increase i n  o u t p u t .  No further analysis of the data 

. were done u n t i l  after the l a s t  tes t .  

Table 7 shows a computer p r i n t o u t  of the available work analysis for  

elected data p o i n t s  of the f a l l  test .  This analysis indicates a real 

roblem somewhere i n  the data - probably i n  the measured freon flow rates 

indicates possible errors i n  a l l  flow rates). Note t h a t  a l t h o u g h  

ured electrical o u t p u t  t o  the busbar is  some 50 t o  76 kW higher than 

suming output was c 

s busbar o u t p u t  was measured dur i  

stant  during the three one hour 

the summer tes t )  exergy drop 

similar t o  summer values and turbine efficiencies are 

5% h i g h  and cooling water flow was 

11 owing condi t i  ons 

Brine inlet  temperature = 221°F 

Brine outlet temperature = 161°F 
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FIGURE 9 
FALL TEST 

@ ( A h  TURBINE + 3413) 
vs. 

Entering Cooling Water 
Tempera t u  re 

h a s u r e d  O u t p u t  
vs . 

Entering Cooling Water 
Tempera t u  re 



FIGURE 10 
FALL TEST 

(A h TURBINE + A h  EVAPORATOR) 

Entering Cool i ng Water 
Temperature 

vs 



N OUTPUT: GE 
BUSBAR : 
MOD OUTPUT: 

F1400 F1500 
E? CY 
56 56 

24 .059  24.059 . 0478 . 0478 

100.23 102.6 
0 036395 016395 

6 1 1 1  009 6258 . 005 
2: I 220 

.3256 03241 
189.24 188.23 

2355.745 2386.393 
16il 160 

127.46 127.96 

996.4872 1020.457 
-23 13 2313 

56 56 
264.77 269.77 
016028 016028 

16831.27 16831.17 
24.054 24.059 

0478 0478 
0 0 

71.5 72 
39.55 40.049 

74.84632 77 . S4253 
c; cv 
56 56 

.Of725 . 0 x 3  

2 1 . m  21.108 . 0431 .0451 
80 .5  80.5 

52  54.3 . O l L O 4 f  . OiL04S 
4708.013 4916.252 

2 7 . t #  27.24 . 0563 0563 
29 .954t2  31.2S434 

193.5 192.5 
99.15 98.88 

. r L r  7 -7 . L724 
1001 .248  1048.127 

135.5 13 6 

26.639 26-76 . 0556 . 0558 
9.639443 11.60992 

. 645.3 697.6 
453.3 455.6 
640.5 642.6 

5 1  

F2100 F0800 
cw CJ 

55 
26-56 23.054 . Of26 . 0459 

58 .5  

102 . 6 102 . 6 
016403 016403 

6254.953 6254.453 
220 220 

188 23 
03241 - 3 2 4 1  

188 23 

2207.757 2 4 x . 0 4 5  
362. S 161.5  

129.46  129.46 
-2337 -2337 

996.1919 1071.6a8 

55 
269.77 269.77 
0016032 o016027 

16832 22 
26.56  23.059 . 0526 . 0459 

0 0 
74 7 1  

42 . 0 4 6  39. OSi 
0821 . 0764 

5 8 . 5  

16826 97 

5 4 . 1 5 9 ~  87.16486 

c4 C? 
5 8 . 5  55 

21 . 639 20,872 
04624 .  04465 

. 82.5. 79 .5  

4805.347 4822.335 

5 3 . 2  53.2 
.011071 .012.032 

27.72  2 6 . 9 9 1  
.os72 ' . 0538 

23.32292 32.74687 
1 , o t . S  193 . 5 

. 9 8 . 8 8  99 08 
02.724 1727 

997.5733. 1043.135 
13  7 135.5 

91.34 
1723 

307.5435 404 .4164  
8 1  ' 7 9  

2 7 . 1 2 4  26.635 . 0565  . 0536 
4.172267 20 . 79745 

695 718 . 8 
453 476.8 
640 663.8 



TABLE 7 con-'d 

XT??JT: SECOND I A W  ANALYSIS 

T S :  
A. EQUORATQR 

&X€3G2 DROP ZN GZO-FLUID (Z3J) : 
Y RISE IN R-114 (XW): 

2ND LAW EFFICIZNCY: 

B. COXDENSEX 
.EXE3G!f DROP IN R-13.4 (KW): 
EXE3GY RISE IN COOLIXG WATZ3 (Kw) : 

F1400 F1500 F2100 FO800 

1339.26 
971.34 

71 

1365.94 
1016 84 . 74 

1311.57 
968.25 

0 74 

1346.36 
1010 . 39 

0 75 

364.80 
74.85 

.21 

343 0'20 
77.54 

.23 

290 . 37 
59.16 

.20 

393.62 
87.16 . 22 2.D L A W  EIPFICIENCY : 

c. FEZ3 P m  
EE3G't RISZ IN R-114 (Hwl :  20 15 . 37 20.32 

.37 
19.67 

.36 
21.95 

40 

Do 'I7JRBLa 
E m G Y  DROP (KW) : 626.85 693 32 690.03' 

3.40 
2.54 

3.42 
2.47 

3.69 
2.43 

3.68 
2.41 

697.60 
1.01 

.67 

695.00 
1.01 
.70 

718 -80 
1.13 
.69 

695.33 
1.11 

. 6 3  

453. 50 476.30 455.60 4 5 2 . 0 0  

.20 

.35 
- 20 
.35 

.19 

. 3 3  
.19 
.33 

.11 .12 .11 ' .I2 

.10 

.07 

- -10 .10 e 10 

.07 . .07 .07 
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Brine flow = 774 t o  813 gpm = 374,306 t o  393,167 lb/hr 

Cooling water inlet temperature = 55 to 58°F 

Cooling water flow = 2150 gpm 

Gross power = 821 t o  852 kW 

Parasitic loads = 241.6 kW 

Net resource u t i  1 i rati  on efficiency = 1.55 Whr/l b 

Net heat rate = 38,761 to 38,647 Btu/kWh 

Net thermal e f f ic iency  = 8 . 8  to  9.4% 



. 

V i  nter Test 

The winter test was finally run March 6 and 7 ,  1986 after several aborted 

schedules. On December 19, a l l  personnel were a t  the s i t e  and 

instrumentation had been installed when a short in the primary power cab 

between the main switch gear and the Ormat control cabinet shut the u n i t  

down for repairs and the t e s t  was canceled. 

scheduled test was canceled due t o  a failure i n  the well pump power cable 

seal. 

opportunity t o  install  a new bubbler tube i n  the well allowing pumping 

water level t o  be measured d u r i n g  the t h i r d  tes t .  

As noted earlier,  another 

Although certainly not of benefit t o  TAD's,  this d i d  provide the 

e 

A1 though weather conditions for  the "winter" tes t  were actual l y  warmer than 

"fal l"  tes t ,  the t e s t  was r u n  w i t h o u t  problems. All d i a l  thermometers 

e checked in a hot o i l  bath and thermocouple calibration was checked. 

Pressure gauges were checked w i t h  a dead weight tester and reinstalled on 

the u n i t  the afternoon of March 5. Al though  the electrical o u t p u t  recorder 

not available, a TIF meter was connnected a t  the control cabinet as a 

eck on the counting turns method of obtaining o u t p u t .  

e taken from SPPC's bi-directional meter used as the basis for  

ts t o  TAD's. T h i s  meter reads net power i n t o  and o u t  of the 

d uses such as maintenance shop, etc.,  

In addition, 

i t e  including a1 1 assoc 

ng this t e s t  the e small compared t o  the generator 

the u n i t  the afternoon of March 5. Al though  the electrical o u t p u t  recorder 

not available, a TIF meter was connnected a t  the control cabinet as a 

eck on the counting turns method of obtaining o u t p u t .  In addition, 

Appendix E contains raw data taken a t  the s i t e  d u r i n g  the tes t .  
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As i n  the second tes t ,  the system operated very well du r ing  the test. 

There were no valve changes that could have affected brine flow, and 

temperatures and pressures remai ned surprisingly constant throughout the 

test. Cooling water inlet  temperature, w h i c h  i s  a major factor affecting 

electrical o u t p u t  ranged from a low of 59.5"F t o  a h i g h  of 61°F. Measured 

electrical o u t p u t  varied from a h i g h  of 578.4 kW t o  a low o f  552.7 kW w i t h  

electrical o u t p u t  varying inversely w i t h  cooling water inlet temperature. 

One important factor noted dur ing  the test  was tha t  the well bubbler tube 

pressure did not  vary from 32 psi d u r i n g  the test ,  indicating a constant 

pumping level of 205.5 feet w i t h  the tube setting of 283 feet below the 

we1 1 head. A1 though  the evaporator brine inlet pressure gauge was 

inoperative, evaporator brine outlet pressure and we1 1 head pressure 

remained constant a t  4 psi and 23 psi respectively. During the test ,  brine 

flow meter readings varied from 5.5 feet/second t o  5.95 feet/second, a 

variation of approximately 8%. 

I 

I 
1 

Corresponding flow rates are 5.5 

econd = 877 gpm, and 5.95 feetjsecond = 950 gpm. 

sonable explanation for such a large variation i n  flow. rates w i t h  

There appears t o  be 

nstant pumping level and pressure except flow meter error 

during the tes t ,  indicated freon flow rates varied from 6.6 

while freon t 

Second law an 

eratures and pressures 

sis gives an inverse 

tween exergy drop across the turbine and generator o u t p u t  

freon flow a t  1430 hours and one of the low freon flows a t  

0730 hours the second day. A t  1430 hours, indicated freon flow was 7.4 

feet/second, calculated exergy drop 842 kW and measured electrical o u t p u t  
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568.8 kW. A t  0730 hours,  indicated freon flow was 6.6 feet/second, 

calculated exergy drop 828.7 kW and measured electrical o u t p u t  was 575.7 

kW. 

probable instrument error a t  both times. 

that the flow meter readings were i n  error. 

Temperatures and pressures i n  the freon loop were identical w i t h i n  

There i s  no explanation except 

Table 8 shows the second law analysis calculated from data taken a t  1430 

hours and 0730 hours. 

Again, assuming a 5% h i g h  error i n  brine flow, and cooling water flow was 

correct, the following conditions existed. 

Brine in le t  temperature = 221°F 

Brine outlet temperature = 163°F 

Brine flow = 813 gpm = 393,167 l b / h r  

Cooling water i n 1  e t  temperature = 60°F 
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TABLE 8 

Y 

INPUT: DATA FILE 
TIME: W1430 W0730 

DEAD STATE: ca cw 
6 1  5 9 . 5  

29 . 06 27 .56  
T:O) 

. 0574 . 0545 
E(O) 
s (0) 
GEO-ZUID 

1 1 8 . 2  115 .4  Q ( 2 )  
W O )  
M f 2 1  

016401  mol6406 
7206 . 878 7034 . 012 . .  

221  221  
1 8 9 . 2 4  189 .24  

s (ij -3256  93256 
E ( 1 )  tm 2601 .886  2588.533 
T(21 163 162 

1 3 0 . 9 6  129.96 H(2)  
S ( 2 )  - 2 3 6 1  02345 
~ ( 2 j  ,KW 1122 .062  1106 .664 .  
COOXXG WATEX 

61; 5 9 . 5  
257.1 2 5 7 . 1  . 016035 .016033 

16033 . 68 16035.68 
29  . 06 27 .56  

0574 .0545 
0 0 

79 76 
4 7  . 039 44.043 

T ( 7 )  
Q ( 7 )  
VF ( 7 )  
M ( 7 )  
H ( 7 )  
s ( 7 )  
E ( 7 1  fm 

T ( 8 )  
H ( 8 )  

77  . as869  65.67846 
S ( 8 )  
E ( 8 )  t-m 
R-114 
DEAD STATZ: aJ a? 
T(O0) 6 i  5 9 . 5  
X ( O 0 )  2 2 . 2 9 2  21. 937 

.04738 . 0467 
8 7 . 5  * . 86 
80 .8  7 6 . 7 '  . 011125 .011118 

7262 .921  6898.723 
28 . 947 28 .58  

51 .40955  50.85280 
1 8 6 . 3  18 6 
9 7 . 6 8  97 .58  . 1706 ,1704 . 004 1385.215 

1 3  7 136 
1 . 4 5  9 1 . 3 2  
1712 . 3715 

0914 0858 

. 0594 0587 

2 8 . 3 5 2  27.483 
.OS87 .0581 

21.19723 15 . 45853 

N OUTPUT: GE 623.8  630.7 
BUSBAR : 381 .8  388 . 7 
HOD OUTPUT: 568.8  575.7 
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SECOND LAW ANALYSIS 

TABLE 8 cont'd 

TIME: 
A. EVAPORATOR 

EXERGY DROP IN GEO-FLGID (XW): 
EXERG'I RISE IN R-114 (KW): 
2 N D  LAW EFFICIENCY: 

B. CONDENSER 
EXERGY DROP IN R-114 (KW): 
EXIERGP RISE IN COOLING WATER (XW): 
2ND LAW EFFICIENCY: 

C. FEED PUMP 
EXERGY RISE IN R-114 (XV) : 
2ND L A W  EFFICIENCY: 

EXERGY DROP (KW) : 

BASED ON TURBINE EXERGY DROP: 
BASED ON NET POWER TO BUSBAR: 

D.  TURBINE 

E .  UNIT ENERGY DE';IVERED (KVE€/TON) 

F. MECHANICAL POWEX DEVELOPSD BY TURBINE: 
TURBINE INTERNAL 2ND L A W  EFFICIZNCY: 
TU2BINE ABSOLUTE 2 N D  LXd EFFICIENCY: 

G .  HET ELECTRICAL POWEX DEZZZQED TO BUSaAR: 
NE? PLANT 2ND LAW EFFICZNC'I 

W1430 W0730 

1479.82 1481.87 
1382.59 1334.36 . 93 . 90 
570.81 541.29 
t7.86 65.68 

.14 .12 

30.21 
.55 

BASED ON INmT G Z O - F X I 9  EXEIZGY: 
BASED ON GEO-FLTJID EXZ?.GY DROP: 

H .  TlER4AL EFFICIENCP: 

I. ACTUAL NODULE EFFICIENCY: 

J. 0VE.RAU PWNT EFFICIENCY: 

842.00 

3.89 
1.77 

623.80 
.74 
.44 

381.80 

.IS 

.26 

.IO 

.08 

.os 

35.39 
.64 

828.47 

3.93 
1.84 

630.70 
.76 
.46 

388.70 

. IS 

.26 

.10 

.08 

.os 
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Performance Tests Summary 

The summer tes t ,  which would have been the best one t o  perform detailed 

thermodynamic analysis on because of changing flow and temperature 

conditions, was unfortunately plagued w i t h  problems. 

outpuf meter found t o  be g i v i n g  false readings, geothermal water, freon and 

cooling water data are probably also i n  error. Geothermal water flow 

rates, a1 though  they remai ned stab1 e between d i  scharge Val ve changes, are 

now suspect because of obvious errors i n  other flow measurements. 

flaws, although appearing to  be accurate, even i n  the limited thermodynamic 

analysi s, cannot be closely checked because generator o u t p u t  and, 

therefore, turbine exergy was found t o  be i n  error. 

changes were assumed t o  be caused by intermittent par t ia l  pump cavitation 

dur ing  the test .  A l t h o u g h  this i s  s t i l l  a possible cause o f  error, the 

flow meter, therefore the flow rate  da ta  s t i l l  are suspect. 

Not only was the kW 

Freon 

Cooling water flow 

ssible problems w i t h  the flow meters were f i r s t  noted l a t e  i n  t h e  second 

consecutive abnormally low flow rates were noted. Sub- 

scrutiny o f  flow rates indicate t h a t  earl n the tes t  small 

hanges i n  discharge valve settings resulted i n  changes i n  brine pressures 

esponding changes i n  brine flows as they shou ld .  

s is  of the Ormat u n i t  operation d u r i n g  the second 

oblems with the freon flow meter since calculated 

a1 efficiencies &ere greater than u n i t y  and exergy drops d i d  

not correspond t o  changes i n  generator o u t p u t .  
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Attempts t o  c a l i b r a t e  the flow meters resulted i n  mixed da ta .  

time, i t  i s  not  known i f  this was due t o  the flow meters themselves, 

A t  this 

operation o f  the ca l ib ra t ion  u n i t  or both. 

Probable f 1 ow meter e r r o r s  were substant i  a1 

test  by well pumping da ta  and thermodynamic 

y confirmed dur ing  the t h i r d  

analysis .  

During a l l  the tests, the Ormat u n i t  appeared t o  operate s a t i s f a c t o r i l y  and 

despite the lack of rigorous thermodynamic analysis  due t o  the flow meter 

problems, operation appeared t o  be a s  expected. 
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Spray Pond Performance 

Description o f  the Spray Ponds 

The heat re jec t ion  system f o r  the Ormat u n i t  a t  TAD'S consists o f  two above 

ground diked unl ined spray ponds, each o f  which i s  about 125' x 400'. The 

ponds are connected i n  series wi th a 50 hp pump c i rcu la t ing  the water f rom 

second pond through the u n i t  and then back through the sprays tha t  are over 

the f i r s t  pond. Two 10 hp pumps take water from the f i r s t  pond and 

c i rcu la te  it through nozzles over the second pond. Equalizing l i nes  

between these ponds ass is t  i n  maintaining equal water leve ls  i n  the ponds 

I 

Temperature o f  the water f rom the 

ponds 56'F 
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Temperature of the water from the 

edge of the spray pattern 56'F 

Approach temperature (spray water 

temperature - wet bulb  tem- 

peraturel 56-45 = 11°F 

Performance ef f i ci ency = 

( T  water i n  - T wet b u l b )  - (T  water ou t  - T wet bulb)  

T water i n  - T wet b u l b  

Good spray pond performance would show an approach temperature o f  4-6°F and 

excellent performance would be i n  the range of 2-4OF. The approach 

temperature of the spray water t o  the wet bulb  temperature improved 

dramatically when the wind blew dur ing  periods of low relative humidity. 

On the other hand, the n i g h t  time performance o f  the spray pond was 

generally poor because the ambient humid i ty  of the a i r  near the ponds was 

h i g h  and there was l i t t l e  a i r  movement. The lower ambient temperatures, 

however, tended t o  compensate for t h i s  poor performance. The combination 

o f  wind and temperature experienced over the test period tended t o  keep the 

outlet temperature w i t h i n  a range of 7'F (53-60°F) while the ambient 

a i r  dry bulb temperature ranged 40'F (70-3O'F). 

The overall efficiency of the original cooling system was probably 

'ncreased 20% by adding the second pond and respraying the water t o  obtain 

additional cooling even though the cooling efficiency of this second pond 

is probably i n  the range o f  35% dur ing  most periods of operat on. 
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8. Reliability and Operational Data 

Monthly availability , power sales ,  capacity fac tor  and average o u t p u t  per 

hour on line f o r  the months of August 1985 th rough  March 1986 are shown i n  

Table 9. Capacity f ac to r  was calculated on the basis of the nominal 600 kW 

r a t ing  o f  the u n i t  and 186.6 kW o f  the parasitic load. The parasitic load 

includes the well pump, cooling water pump and t r ans fe r  pumps. Data on 

each of the parasitic loads are shown i n  Appendix G. The feed pump, lube 

o i l  pump and air compressor are considered a part  of the u n i t .  

Capacity f ac to r  = Power sales  kWh per month divided by (nominal rating 

- p a r a s i t i c  l oads )  x to t a l  hours t h a t  month 

Le .  November power factor = 304,000 d iv ided  by (600 - 186.6) x 30 x 

24 = 1.02 

Because the nominal ra t ing is  based on a cooling water in le t  temperature of 

65°F and the spray ponds are capable o f  providing cooler water during cold 

weather, the capacity f a c t o r  can, and d i d ,  exceed u n i t y  dur ing  some months 

even though avai 1 ab i  1 i t y  was 1 ess t h a n  100%. 

Ormat u n i t  avai labi l i ty  i s  based on the number o f  hours the  u n i t  was 

d the number o f  hours the system outside the u n i t  (cooling 

geothermal water and e l e c t r i c  g r id )  were avai 1 ab1 e. 

U n i t  operating hours divided by support  system available hours x 

100 = % u n i t  ava i lab le  
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Q ossi b l  e 
Dnth Hours 

System 
Avai 1. 
Hour - 

System 
x 

Avai 1. - 

Table 9 

Production Data August-March 

ug 144 534.2 11.8 

ePt 720 657.4 71.3 

e t  744 622.0 83.6 

ov 720 671.0 93.2 

ec 744 644.3 86.6 

an 744 702.3 94.4 

eb 672 428.7 63.8 

lar 744 139.5 99.4 

Ormat 
Un i t  
X Avail .  

90.6 

94.9 

97.5 

96.1 

86.5 

98.8 

99.9 

99.9 

Production 
MWh 

142 

252 

251 

304 

311 

314 

245 

292 

Capacity 
Factor 

.46 

.85 

.84 

1.02 

1.01 

1.02 

.88 

.94 

Avg. S i te  
OutputIHr. 
On Line 

265.8 

383.3 

413.2 

453.1 

482.7 

447.1 

571.5 

394.9 

Avg. U n i t  
OutputIHr . 
On Line 

452.4 

569.9 

599.8 

639.7 

669.3 

638.7 

758.1 

581.5 

Avg. Gen. 
QutputIHr. 

On Line 

501.4 

624.9 

654.8 

694.7 

124.3 

688.7 

813.1 

636.5 

gh availability data are n o t  shown prior t o  August, power sales for 

month period of A 1 1985 t h r o u g h  March 1986 amounted t o  2809 Mw 

Capacity factor for that  one year period was 77.5%. 

fa r  the largest number of faults have been due t o  electric g r i d  

fluctuations and outages. If the g r i d  was available, the u n i t  was quickly 

restarted, usually w i t h i n  15 minutes. 
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For the Ormat u n i t ,  s h u t  down for scheduled maintenance operations has 

enerally been less than two hours. Operations requiring s h u t  down are 

items such as changing lube o i l  f i l ters ,  taking samples of the freon for 

analysis, replacing feed pump packings, and electrical and controls checks. 

regular maintenance procedures, such as greasing feed pump and motor 

ings  and adding lube o i l ,  do not  require shut down. 

Comments by TAD'S indicate they feel the u n i t  is  easy t o  operate and 

maintain. If a failure occurs, the u n i t  automatically shuts down and 

indicator l i g h t s  show what the cause for s h u t  down was. Once the problem 

is located and corrected, restart is  accomplished by pushing one start 

but ton .  

A1 1 rotating equipment , pumps , motors, turbine and generator are readily 

accessible i n  case of failure. For instance, the daily log shows that a 

s h u t  down of four hours was required t o  replace the feed pump motor. 

The logs indicate the generator has been repaired or replaced three times 

I ince initial installation. Apparently the problems have been due t o  
I 
I 

erheating. In December of 1985, the end turns were banded t o  prevent 

ansion due t o  heating and the problem had not recurred as of May 1986. 

ogs are somewhat incomplete b u t  apparently the generator can be 

anged out i n  one day. 

The only other recurring problem has been overheating of circuit breakers 

i n  the control cabinet. T h i s  was probably partly due t o  the fact that the 
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control cabinet was designed for operation i n  an a i r  conditioned room 

rather than i n  the Nevada sun. This could also have been contributed t o  by 

faulty feeder wir ing installation between the control cabinet and the main 

switch gear cabinet which caused a short t o  ground i n  January. Apparently, 

each of three conduits carried a single phase rather than one wire of each 

of the three phases which resulted i n  overheating and me1 t i n g  of 

insulation. Control cabinet overheating could be reduced by constructing a 

simple open sided structure over the control cabinet t o  prevent direct 

exposure t o  the sun. 



9 .  Compari son o f  Actual and Computer Predicted Performance 

As a part of the OIT Geo-Heat Center's contract w i t h  ODOE, the Center was 

to  compare, t o  the extent possible, actual performance w i t h  performance 

predicted by a computer program developed by OIT i n  1983. A direct 

comparison is not  possible since the program was written for a situation 

where an injection well and cooling towers are utilized rather than the 

situation a t  TAD's where surface discharge and cooling ponds are used. The 

computer programs predicted net saleable power w i  11 be somewhat different 

since the parasitic loads for the two situations are different. 

a1 l y  , the difference between computer predicted performance and 

ertormance a t  TAD's was rather close. Using the resource characteristics 

a t  TAD's (800 gpm, 221'F, 205' pumping level) and assuming an average wet 

bulb temperature o f  43'F, which were the average conditions d u r i n g  the 

March test, the program predicts a net saleable power of 2,100 MWh i n  seven 

~ 

n t h s .  Actual power sales t o  SPPC for the seven month period September 

t h r o u g h  March 1986 were 1,975 Wh. The program predicted sales 6% 

than actual. 

t a i  1 ed weather data for Wabuska area are not available; however, the 

wet bulb a t  Stead Air farce Base near Reno and Tonopah MAP is close 

3' and this was used i n  the prediction. Changing the program i n p u t  wet 

l b  temperature t o  44'F results i n  a seven month net saleable power of 

2065 Wh which is only 4% higher than the actual sales September through 
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March. 

site would need to be known. 

In  order to  closely predict sales, wet bulb temperatures a t  the 
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10. Observations and Conclusions 

Performance 

Only general conclusions can be reached about the perlmnance o the Ormat 

u n i t  a t  TAD'S. I t  had been planned t o  provide a detailed thermodynamic 

analysis of u n i t  operation under three operating conditions summer, fa1 1 

and winter. Since i t  is almost certain the flow meters gave erroneous 

data, The analysis was n o t  done as the results would have also been 

erroneous. The analyses g i v i n g  turbine efficiencies greater than one are a 

good example of the results of bad data. 

data indicates that the geothermal water flow rate varied from 

approximately 650 gpm, when most of the discharge flow was being used for 

cooling water make up, t o  870 gpm when a l l  the water i s  being discharged to 1 
I 
, 
I quaculture faci l i ty .  D u r i n g  one of the flow meter calibration runs, 

the flow meter used on the geothermal water indicated flows .78 ft/second 

8% high. The error analysis indicated that errors i n  flow 

ement are the most c r i t i ca l  and an error of that  magnitude would 

i n  a calculated t u r b i n e  exergy drop 17.9% higher  than actual. 

t performed b .A. and Associates, bubbler 

t, the pump performance curves and the flow 

alibration runs, a best guess is  that  the maximum geothermal flow 

t o  825 gpm. A t  tha t  flow rate, specific o u t p u t  during the th i rd  

(winter) test was 1.47 watt hours per pound when cooling water temperature 

was 59.9Of. The Ormat u n i t  net o u t p u t  was 575.7 kW and thermal efficiency 
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approximately 8.6% under those conditions. Net saleable power was 390 kW. 

There was good agreement on net saleable power as measured by SPPC's 

directional meter and measured Ormat u n i t  ou tput  minus measured 

rasi t i c  loads. 

Turbine power, therefore generator ou tpu t ,  is 1 imited by cooling pond 

capacity. During hot weather operation, only the 8" turbine inlet valve is  

open. A1 though on a cool summer n i g h t  the 6" valve can be opened, the 

power o u t p u t  increase appears t o  be relatively small. Since there is more 

freon available t o  extract heat, the brine outlet temperature is  reduced, 

b u t  since the condenser now must remove more heat, i t s  outlet water 

temperature is raised and turbine inlet and outlet temperature and pressure 

ncrease. During the fall  tes t ,  a decrease i n  cooling water temperature of 

~ 

i 

~ 

5°F resulted i n  an increase of 35 kW o u t p u t .  

pond deficiency was noted early i n  the summer, before testing was 

n ,  and the second pond was constructed. This probably increased 

efficiency by 20%, although we had no data prior t o  testing. 

pond performance eraged about 63% dur ing  the tests. The approach 

erature averaged 11"F, while good spray pond performance wuld be 4-6°F 

Approach temperatures improved when the wind 

u t  were generally poor a t  n i g h t  because of l i t t l e  a i r  movement, 

ng i n  h i g h  relative humidity near the ponds. This  was compensated 

lower ambient temperatures. 
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Computer predicted performance is sensitive to  wet b u l b  temperature 

assumptions. A change of wet bulb temperature of 1°F results i n  a 2% 

change i n  predicted output. Wet bulb  temperature a t  a proposed s i t e  needs 

t o  be accurately known i n  order t o  accurately predict performance. 

Re1 i abi 1 i t y  , Avai 1 abi 1 i t y  and Mai ntenance 

ion of the operating logs indicated tha, before our testing 

r ted ,  the u n i t  experienced difficulties primarily due t o  overheating 

blems i n  the controls and generator. Some of these problems were i n  the 

elf and some were outside the u n i t  and due t o  faulty installation. 

cabinet overheating undoubtedly will be helped by the recent 

ewi r i n g  between the cabi net and main swi tch gear ( an i nstal 1 a t i  on probl em) 

t could probably be further improved by providing protection from 

exposure. 

fa r  the largest number of outages were due t o  electric g r id  fluctuations 

e u n i t  was restarted quickly if  the g r id  was available. Availability 

he u n i t  i t s e l f  was good during the time our testing was i n  progress, 

averaging 95.5% for the eight month  period. 

operator, TAD'S, stated egul ar  schedul ed mat ntenance is simple 

equires only a few hours a month. Based on log book entries i t  

pears that  major rotating components can be replaced quickly i n  case of 

failure - assuming replacements are available. The remoteness of the site 

has caused some delays i n  that  respect. There have been no problems w i t h  
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non-rotating components t the evaporator, condenser and p i  p i n g  ) due t o  

scaling or corrosion. T h i s ,  of course, i s  s i t e  specific and the geotherma 

water a t  Wabuska is relatively benign. 

During colder weather, when the cooling pond has the most capacity, Ormat 

u n i t  capacity factor exceeds u n i t y  even though  availability m i g h t  be less 

than 100%. For the months of November, December and January, capacity 

factor was 1.02 while availability was 93.4%. 
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3- 
t 
c1 

strument Data 
ec t  RP1195-16, O r m a t  a t  Wabuska) 

C E= Instrument Descript ion 
Pol y soni c -accou s t i c dopp 1 e r  

Q; f t j s e c  
f t/ sec 

Q3 kWe 
€2 kHh 

kHh 
kWe 
kWe 

Power to  CW Pump klle 
kWc 
kHe 
"F 

Brine Temp. I n  Ewap. "F 
Brine Temp. Out Evap. 'F 

114 Temp. i n t o  Ewap. 'F 
114 Temp. i n t o  Turb. 'F 
114 Temp. Turb: Out "F 

'F 
Cool. Water i n t o  Cond. 'F 
Cool. Water out Cond. 'F 
He l l  Pump Press. Out psi 9 
Brine Pressure I n  Ewap. Psi9 * 

Brine Pressure Out Evap. psig 
R-114 Press. i n t o  Ewap. P s i  9 
R-114 Press. into. Turb. psi9 
R-114 Press. Nozzle Block psig 
R-114 Press. Turb. Ex. Out psig 
R-114 Press. Cond. Out psi 9 
Cool. Water Press. I n  Cond. psig 
Cool. Hater Press. Out Cond.psig 

O F  - 
'F 
'F 
'F 
'F 

10 
10 
any 
10 MWh 
10 MWh 
a nY 
any 
any 
any 
any 
250 
250 
250 
250 
250 
250 
250 
120 
125 
200 
100 
100 
200 
200 
250 

, 125 
125 
100 
100 
120 
1 20 
120 
-20-130 
0-110 

Accuracy 
2rr, 
2% 
2% 
0.1% 
1 kWh 
1 kWh 
3% 
3% 
3% 
3% 
3% 
1.5'F 
1.5"F 
1.5"F 
1.5'F 
1.5'F 
1.5'F 
1.5'F 
1 .O'F 
1 .O'F 
1% 
1% 
1% 
1% 
1% 
1% 
1% 
1% 
1% 
1% 
1 .O°F 
1 .O'F 
1 .O'F 
1.5"F 
1 .O'F 

Polysonic-accoustic doppler 
Pol ysoni c-accousti c doppl er  
Cycle counts on kHh meter 
kWh meter owned by Ormat 
kWh meter owned by SPPC 
C l i p  on meter owned by SPPC 
C l i p  on meter owned by SPPC 
Clip on meter owned by SPPC 
C l i p  on meter owned by SPPC 
C l i p  on meter owned by SPPC 
5" dia. b ime ta l l i c  stem thermometer 
5" dia. b ime ta l l i c  stem thermometer 
5" dia. b ime ta l l i c  stem thermometer 
5" dia. b ime ta l l i c  stem thermometer 
5" dia. b ime ta l l i c  stem thermometer 
5" d i  a. bimetal 1 i c stem thermometer 
5" dia. b ime ta l l i c  stem thermometer 
5" dia. b ime ta l l i c  stem thermometer 
5" dia:bimetallic stem thermometer 
4)" dia. A N S I  Grade A bourdon tube gauge 
44" dia. ANSI Grade A bourdon tube gauge 
44" dia. ANSI  Grade A bourdon tube gauge 
4 t "  dia.  ANSI Grade A bourdon tube gauge 
44" dia. ANSI  Grade A bourdon tube gauge 
4f"  dia. ANSI Grade A bourdon tube gauge 
44" dia. ANSI Grade A bourdon tube gauge 
44" dia. ANSI Grade A bourdon tube gauge 
44" dia. ANSI Grade A bourdon tube gauge 
44"  dia. AUSI Grade A bourdon tube gauge 
12" mercury i n  glass thermometer 
12". mercury i n  glass thermometer 
12" mercury i n  glass thermometer 
12" mercury i n  glass thermometer 
12" mercury i n  glass thermometer 

*Also measured on an e igh t  po in t  recorder. Temperature sensors were 3 type i r o n  constantan thermocouples mounted 
i n  the thermometer wells used f o r  the d ia l  thermometers. 



APPENDIX B 

Exampl e Cal cul a t i  on o f  Avai 1 ab1 e Work ( Exergy 



EXAMPLE CALCULATION OF AVAILABLE WORK (EXERGY 1 

In a geothermal power plant the geothermal f l u i d  does not experience a 

cycle b u t  rather a series of processes from an ini t ia l  state t o  a 

final state.  This is  also true where an internal cycle is  part of the 

internal energy process as i n  the case of binary plants. 

A simplified representation of a binary plant operating i n  a steady- 

s ta te  manner and as described above is  shown i n  Figure 11. 

The basic idea of a Second Law analysis is  t o  calculate the available 

work o f  the f l u i d s  a t  important state poin ts ,  and t o  examine each 

major component t o  determine the change i n  available work. The 

avai 1 ab1 e work characteri tes a ficti t ious reversible operation t o  a 

prescribed dead s ta te  of pressure Po and temperature To. In this  

example cooling water temperature and pressure was used as the dead 

aw o f  thermodynamics for the system can be written as: 

Q = heat i n  

W = work out 
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rn = mass flow rate 

hi = enthalpy a t  state p o i n t  

ho = enthalpy a t  dead state 

We ignore the kinetic and potential energy difference terms relative 

t o  the enthalpy difference . 

The Second Law for the system d urroundi n be expressed as: 

Entropy production 0 w i  11 be reduced t o  zero i n  the 

reversible operation, and represents the upper l imit  

deal limit o f  

on the perfor- 

mance of a g iven  in i t ia l  state and final dead s ta te  for a component. 

For this  special case, the equation above reduces to:  

Q = m To(Si - 

blhere: 

Q = heat i n  
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By combining the first and t h i r d  equations above we obtain an 

xpression for  the maximum possible work that could be extracted from 

the f l u i d  for  a given in i t ia l  state t o  the dead state. Th i s  ultimate 

work is called the exergy ( E )  and is  given by: 

E = m(hi - ho) - To(Si - So) 

The difference between the exergy and actual work is a measure of the 
I shortcomings of a plant; i t  represents the work dissipated or lost by 

processes such as friction, turbulence, mixing and heat transfer. Any 

process that is thermodynami call y irreversi bl e robs the f 1 u i  d of 

exergy and diminishes i ts  potential t o  produce useful work. 

P l a n t  components may be evaluated on a Second Law basis by: 
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The performance of the power plant as a whole can be expressed i n  

terms of the utilization factor defined as: 

u = W/E 

ere W is the net electrical power delivered t o  the busbar and E i s  

e exergy of the inlet  geothermal f l u i d .  The utilization factor ( u )  

for the whole plant i s  the ratio of the work actually delivered t o  the 
, 
I busbar and the maximum possible work w i t h  the given thermodynamic 
~ 

state a t  the geothermal f l u i d  inlet and the characteristics of the 

dead state ( geof 1 uid we1 1 head exergy ) . 

The thermal efficiency of the cycle is: 

Where: 
I 

h4 = enthalpy i n t o  turbine 
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which i s  not equal t o  the u t i l i z a t i o n  factor because To (Si - So) and 

- ho are of comparable orders of magnitude. i 

For example, i f  we wanted t o  fudge the percentage improvement achieved 

by a well operating a t  Ti = 420'F compared w i t h  one a t  Ti = 220'F w i t h  

heat rejection a t  To = 100"F, we would compare e = 70.64 Btu/lbm w i t h  

e = 11.45 Btu/lbm and conclude t h a t  the improvement i s  by a factor o f  

6.2. On the basis of p l a n t  thermal efficiency (calculated by First 

Law analysis) we would compare = .22 w i t h  = .08 and conclude the 

improvement was by a factor of 2.8. 

The difference i n  the comparison results from the basis of two 

different enthalpy differences, ( h i  - ho)  = 328.90 Btu/lbm i n  the 

f irst  case and ( h i  - ho) = 120.23 Btu/lbm i n  the second case. Though 

the results were consistent w i t h  the method of cycles, i t  does not 

t r u l y  rank the geothermal fluid's capability t o  produce electricity. 

The first  in s t a l l a t ion  would deliver about six times as much power as 

the second. 

Actual module efficiency is: 
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based on measured values a t  the generator, feed pump and busbar. 

To i l lust rate  the Second Law Analyses method we have chosen the winter 

143a hour test data. The dead state was taken as the cooling water 

temperature a t  To = 61°F = 520.67R. Based on state-point data, we may 

summarize the analysis i n  the following way: 

I 

I. INPUT DATA FILE SAMPLE CALCULATION FOR STATE POINT 1. 

A. 

B. 

Dead state: cooling water 

1. 

2. 

3. 

Temperature, To = 61°F = 520.67R 

Enthalpy, ho = 29.06 Btu/ lbm 

Entropy,  So = .0574 Btu/lbm 'F 

Geof 1 u i  d : evaporator i n l  e t  

= 7206.9(189.24 - 29.06) - 520.67 (.3256 - .0574) 

8-7 



= (148002.65 Btu /min ) (  .01758 kW/Btu/min) 

= 2601.89 kM 

The exergy of a l l  other state points  are calculated i n  a similar 

manner. Thermodynamic properties of saturated steam were published i n  

the 1967 ASME Steam Tables, copyrighted 1967 by The American Society 

of Mechanical Engineers. Thermodynamic properties of R-114 were 

obtained from the REFRIG program, copyrighted 1985 by Software Systems 

Corporati on. 

11. SECOND LAM ANALYSIS SAMPLE CALCULATION 

A. Evaporator 

Exergy drop i n  geofluid = El - E2 = 2601.9 - 1479.8 kGI 

Exergy rise i n  R-114 = E4 - E3 - 51.4 = 1382.6 kW 

= 573.8 kW 

- 0 = 77.9 kW 
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Exergy rise i n  R-114 = E3 - E6 = 51.4 - 21.2 = 30.2 kW 

Mechanical power delivered t o  pump = 55 kW 

Second Law efficiency = .55 

D. Turbine 

Exergy drop, AEt = E4 - E5 = 1434.0 - 592.0 = 842.0 kW 

E. U n i t  energy delivered per ton  o f  geofluid 

Based on turb ine  exergy drop = 33.33AEt/m 

= (33.33)(842.0)/7206.89 = 3.89 kWh/ton 

Based on net power delivered t o  busbar 

= 33.33 W busbar/m = (33.33)(381.8)/7206.89 = 1.77 

kWh/ton 

I 

F. Mechanical power developed by turbine = 623.80 kW 
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G. Net electrical power delivered to busbar 2nd taw efficiency 

Based on inlet geofluid exergy = W busbar/E1 = 381.8/2601.89 

= .15 

Based on geofluid exergy drop = W busbar/AEevap = 381.8/ 

1479.0 = .26 

H. Thermal efficiency = (h4 - h5) - (h3 - h6)/(hl - h2) 
= (97.68 - 91.45) - (28.947 - 28.352)/(189.24 - 
130.96) = .10 

I .  Actual module efficiency = (Wt - Wfp)/m(hl - h2) 
= (568.8 - 55)/(7206.89)( .07158)(189.24 - 130.96) = .08 

3 .  Overall plant efficiency = W busbar/m(hl - h2) 
= 381.8/(7206.89)( .01758)(189.24 - 130.96) = .05 
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APPENDIX C 

S m r  Data Test 



me of Generator Output resdlng 

c-1 



tfime o f  Generator Output readlng 

c-2 

I 

I 



e of  generator Output resdlng 

e-3 
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*Wme o l  Generetor Output readlng 
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APPENDIX D 

Fall Data Set 
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\ No Olsk Revs x 3600 x 4.8 x 160 6 Time In Secs For No O f  DIsk Revs \ 

D-3 

, .... 
-.A " 



I 

I 

\ 

APPENDIX E 

Winter Data Set 



I 

KWH = Ofil Readings x 160':' 8 '  

KW - No Disk  Revs x 3600 x 4.8 x 160 
?Itme In Secs For No O f  Dlsk Revs 

kT lme o f  Qenerqtor Output reading 
951/74-75 

D o t e  ..I. 

.:, . . q ;:* 

E-1 

..... 



951/74-75 \ tor Output rsedlne 
D o t e  

..>a ...* . ... , 
E-2 



o l  Gineratar Output readlng 951 /74-75 

D a l e  
?M * +$j 

E-3 
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APPENDIX F 

Spray Pond Data Sets 
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APPENDIX G 

Parasitic Loads Data 



6EOTHERMAL WELL/PUMP 

We1 1 
Diameter 12 inch 

350 feet  i Depth I 

Static Water Level artesian - shut in 
pressure 

283 feet Bubbler Tube 

Pump 

TypelSi te  Centri 1 i f  t Hughes 
submersible. Series 
875, Type 18-700 

Capacity 700 gpm (3 353 f t  TDH 

Horsepower (Nameplate) 100 

1140 volts Voltage . 

Amper e s 
I Submergence 

55 amps 

285 feet ,  309 (2186) 

G-1 



, 

' 

Freon C i  r c u l  a t i  ng Pump 

AUXILIARY LOADS 

Type Pump/Si ze 
Capacity 
Horsepower ( Namepl a te  1 
Voltage 
Amperage 

Expander O i l  Pump 

Type Pump/Si ze 
Capacity 
Horsepower (Namepl ate) 
Vol tage 
Amperage 

Instrument A i r  Compressor 

Type/Si ze 
Capacity 
Horsepower (Namepl ate) 
Voltage 
Amperage , 

Cool i ng 

Type/Si ze 
Capacity 
Horsepower (Namepl ate) 
Voltage 
Amperage 

Spray Pond Transfer Pump 

Type/Si ze 
E5 

Capacity 
Horsepower 
Voltage 
Amps 
Running Time 

6-2 

5 stage hor izontal  
GPM 
60 
480 vo l t s  
77 amps 

1 
400 ( namepl a te )  
1.95 ( namepl ate) 

3 cy1 s ing le stage 

3 
440 
3.9 

PAC0 29-10151-370500 
3000 gpm 
50 
460 
87 amp 

Aurora Mod 3x4 15563 
type 344 s ize 6x6~12 
1500 gpm @ 40' TDH 
10 
460 
13 
continuous 



, 

Auxiliary Loads cont'd 

Spray Pond Transfer Pump 

Type/Si ze 

Capacity 
Horsepower 
Yo1 tage 
Amps 
Running Time 

E6 
Aurora Mod 3x4 15563 
type 344 s i t e  6 x 6 ~ 1 2  
1500 gpm Q 40' TDH 
10 
460 
13 
continuous 

. .  
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We1 1 

Pump 

t 

6EOTHEREIAL lELL/PUMP 

Diameter 

Depth 

Sta t ic  Water Level 

Bu bbl er  Tube 

Type/Si ze 

Capacity 

Horsepower (Nameplate) 

Voltage 

Amperes 

Submergence 

6-4 

12 inch 

350 f e e t  

artesian - shut i n  
pressure 

283 feet  

C e n t r i l i f t  Hughes 
submersible. Series 
875, Type 18-700 

700 gpm 8 353 f t  TDH 

100 

1140 volts 

55 amps 

285 feet, 309 (2/86) 



, 

I 

1 

I 

1 

1 

. 

I 

AUXI LIMY LOADS 

Freon Circulating Pump 

Type Pump/Si ze 
Capacity 
Horsepower (Namepl a te)  
Voltage 
Amperage 

Expander O i l  Pump 

Type Pump/Si ze 
Capacity 
Horsepower (Nameplate) 
Voltage 
Amperage 

Instrument Air Compressor 

Type/Si ze 
Capacity 
Horsepower (Nameplate) 
Voltage 
Amperage 

Cool i ng 

Type/Si re 
Capacity 
Horsepower (Nameplate) 
Voltage 
Amperage 

Spray Pond Transfer Pump 
E5 

Type/Si ze 

Capacity 
Horsepower 
Voltage 
h P S  
Running Time 

G-5 

5 stage horizontal 
GPM 
60 
480 volts 
77 amps 

1 
400 ( namepl a te)  
1.95 (nameplate) 

3 cy1 single stage 

3 
440 
3.9 

PAC0 29-10151-370500 
3000 gpm 
50 
460 
87 amp 

Aurora Mod 3x4 15563 
type 344 size 6 x 6 ~ 1 2  
1500 gpm @ 40' T D H  
10 
460 
13 
continuous 



1 

Auxi 1 i ary Loads cont d 

Spray Pond Transfer Pump 
E6 

Type/Si ze 

Capacity 
Horsepower 
Vol tage 
h P S  
Running Time 

Aurora Mod 3x4 15563 
type 344 size 6x6~12 
1500 gpm 8 40' TDH 
10 
460 
13 
continuous 
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APPENDIX H 

Comnents by O r m a t  


