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I .  tNTRODUCTION . 

, This report presents the results of our study to determine the 

required selljng price of  geothermal flash steam in order for 

Phillips Petroleum Company to obtain a rate of return on in= 

vestment of 10, 15 or 20 percent on Its discovery in Nevada. 
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The economic evaluati 

type of estimate of c 

tion, steam gathering 

steam to a 55 MW (Gr 

using mixed p 

are based on an arder-of-magnitude 

tal costs for the flash steam produc- 

d brine re'inJection system to supply 

) geothermal power generating plant, 

. 
Y 

sure (double flash steam) turbine design. 

Geothermal we brine quality and well productivity 

data were provided by Philllps Petroleum Company and are based 

er plant costs are based 

Costs have been escalated to 1977. 
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3. DESCRIPTION 

A. General 

The geothermal power plant, utllizes steam flashed from 

geothermal brine. 

to maximize the power production for the given well 

flow. 

cost estimates are as follows: 

A two stage flash system was chosen 

The design conditions used as a basis for the 

Power Plant (Gross) 55 nw - 

Reservoir Bottom Hole Temperature 400" F 

Wellhead Pressure. 75 PSI9 

Well Flow Each Well 450,000 lbs./hr. 

Production Wells Initially 
cluding One Spare 

11s Initially 

8. 

17 

a 



The equipment inside the power plant bu i ld ing consists o f  

the turbine generator, low level  d i rec t  contact condenser, 

hot wel l  pumps, e lec t r i ca l  switchgear, generator step-up 

transformer and associated mechanical and e lec t r i ca l  a w i -  

l i a r y  equipment. 

The steam entering the turbine i s  condensed i n  the d i r e c t  

contact condenser. 

tower by the hot wel l  pumps and the cooled water i s  returned 

t o  the condenser assisted by grav i ty  and the condenser vac- 

uum. 

nearly equals the 

1s re injected i n t o  the ground together w i th  the f l ash  waste 

water. 

The hot water i s  pumped t o  the cool ing 

The amount of Mater evaporated i n  the cool ing tower 

l 

Therefore, once the p lant  i s  started no addi t ional  

t e r  is required. 

Steam Gathering System and Reinject ion F a c i l i t i e s  
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The low pressure f l a s h  drum, apprbximately 20 ft. i n  dia- 

meter and 30 ft. high, i s  located near 

The low pressure steam from the second 

the powerhouse. 

f l a s h  i s  fed to 

the turbine and the remaining hot water from the f l a s h  

drum i s  pumped d i r e c t l y  t o  the re in ject ion wells. 

A holding pond Is provided a t  each high pressure separator 

for the hot water i n  case the low pressure f l a s h  drum i s  

ou t  of service. 

so that the waste water can be pumped to the re in jec t ion  

wells. A pump i s  a lso provided a t  the cool ing tower for 

j e c t i o n  system. ' 

Pumps are ins ta l led  a t  each holding pond 

proximately 1,000 ft. 

e l l s  are d r i l l e d  i n i t i a l l y  t o  pro- 

plant .  From previous 
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The reinjection we1 1s are dril led approximately 9,000 ft. 

froan the power plant at the edge of  the hot water field, 

Eight reinjection wells are required, with two extra 

wells drilled as spares in the beginning of the power plant 

1 ife. 

COST ESTIMATE 

A. Power Plant 

The power plant cost estimate.was made using actual costs 

from previously built plants escalated to 1977 and from 

wrrent data supplied by major equipment manufacturers. 

A sumnary of the'installed cost Is shown i n  Table 1, 

current (first quarter 1977) installed costs of the 

or equipment used the cost estimate are shown below: 

$6,090,000 . 
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1 C. Prduction and Reinjection We1 1s 

1 The drilling cost of the wells was obtained from Paul English 

of.fhillips Petroleum Company. 
hi 

Production We1 1 (1977) $488,000 
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B. Power Plant 

The economic analysts o f  the power p lant  i s  shown i n  Table 

: I l l .  The power p lant  cost i s  the cost a t  s t a r t  of opera- t 
Y 

tion in  ear ly  1981. 

based on f igures given i n  the next section. 

Steam Production, Gathering and Reinjection F a c i l i t i e s  

The resu l ts  o f  the economic analysis o f  the steam producing, 

gathering andlreinject ion f a c i l i t i e s  are shown i n  Figure 1 

which p l o t s  the s e l l i n g  pr ice  o f  steam versus the return 

on investment 

are shown In  Table i V .  

Escalation o f  the 1977 cost was i 

i 

ii 
C. b 

4 '  

Sample calculat ion for  the ra te  of re turn 

lti 
P 

i 
R 

e re turn on investment i s  equal t o  tha t  re turn which 
, 



c. Escalation 
1977- 1978 

1979 
1980 
1981 . 
1982 

1983- 1986 
No escalation beyond 1986 

30% of well cost depreciable 
70% of well cost intangible drilling cost 

d. 

e. Three dry wells 

f. Federal and State Income Tax 51% 

10% g. Royalty Rate 

3% h. 
1. Overhead Investment Cost, Excluding Land 1.65% 

The following additional assumptions were made, 

Gross Production Tax and Ad Valorum Tax 

a. Wells and gathering system has 20 year life for accounting 

purposes , 

b. Straight line depreciation 

.lO.O& 
9.5% 
9.0% 
8.5% 
8.0% 
7.5% 
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TABLE 1 

CAPITAL COST SUMMARY 

COST ESTIMATE 
55 MW GENERATING UNIT (Note 1)  

Account No. (2) Dollars (Thousands) 

31 1 Structures and Improvements $ 3,500 

31 4 

580 
315 
31 6 353 Substation Equipment - 

Turbine Generator Unit, Condenser, 
11,620 

Power Plant Electrical Equipment 1,240 
Miscellaneous Power Plant Equipment 

61 0 

Cooling Tower, Pumps, etc. 

Total Direct Cost $1 7 , 550 
Engineering and Construction Management 1,755 

Sub Total $19,305 
1,930 

. Sub Total $21 , 235 
Con t i ngency 10% 

(3) Financing During Construction @ 9% 1 ,g1 1 

Total Estimated Installed Cost (4) $23,146 

NOTES - 
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TABLE I I  

CAPITAL COST SUMMARY 

L 

L STEAM GATHERING AND REINJECTION SYSTEM . 

GATHER I NG SYSTEH 

$2,651,000 Piping 
Valves and Controls 4d 
Separators 940,000 

t Sub Total $3,870,000 

279 000 

REINJECTION SYSTEH 
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TABLE 1 1 1  

ESTIMATED COST OF POWER EXCLUDING FUEL COSTS 

Fixed Charges 

1. Return and Depreciation 
2. Taxes and Insurance 

3. Sub Total (Fixed Charges) 

Expenses 

9-91 
5,43 

15.34 

0.55 
0.80 
0.41 - 

4. Operation 
5. Maintenance 
6. General Expense 

7. Total (Percent) 17.10 
8. Estimated Construction Cost (1980) $30,321,000 
9. Net Capacity 
0. Capacity Factor Operatio 80% 
1. Net Annual Energy Produc 360 9 
2. Cost Per Ki lowatt  ($/kWh 

0.014 

51,500 kW 

&Line 8 x Line 7)/(100 
7 - 

NOTES - 








