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makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
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disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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iNTRODUCT 10N

_ This report presents the results of our study to determine the
‘required selling price of geothermal flash steam in order for

~ Phillips Petroleum Company to obtafn a rate'of_return on inw:.

vestment of 10, 15 or 20 percent on its discovery in Nevada.

The economic evaluations are based on an order-of-magnitude

type of estimate of capital costs for the flash steam produc-

tion, steam gatheringvand brine reinjection system to supply

steam.to a 55 MW ﬂGross) geothermal power generating plant,

. usfng,mixed pressure'(doub}e flash'steam) turbine design.

: Geothermal weil costs, brine quality and'well productlvity

“';data were provnded by Phillips ‘Petroleum Company and are based

2.

tv'on the dnscovery-wells in Nevada.; Power plant costs are based

’1?on.ourrentiteehnoiogy;andfavailable hardware, under construc-

[}

tion at the present time{f“Costs:have been escalated to 1977.

‘hSUMMARY ot

°~.:Based on resource temperatures of 400°F and wel! ftow of hSO 000

zh:pounds of- geothermal brlne per hour per. wel! the flash steam

' ;,;must be priced. at 10 lﬁ or 20 mills/kWh ln order to achleve

\:if‘a rate of return on the investment for the productlon quanti-

”4ities of 10, 15 or 20 percent respectnvely.

H"tfﬂ;The correspondlng cost of power (electrlclty) at the power plant

ﬂ¢;bus bar would be 2& 28 3k m!!ls/kﬂh.
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3. DESCRIPTION
“A. . General o . 1 ) -

The geothermal power plant, utilizes steam flashed from

[ Y ol o

geothermal brine. A two StageAflash system was chosen
to maximize the power production for the given well
flow. The design conditions used as a basis for the

cost estimates are as follows:

r

e Power Plant (Gross) L 55 MW

ha ’ Reseruoir Bottom Hole Temperature ~ ~ 400°F

U _ Wellhead Pressure = 75 psig
- , t'f‘ : Well Fléw Each Well. - k50,000 1bs. /hr.

Productlon Wells tnitially )
Required Including One Spare . 17

ol

| Reanection Wells Inltlally
: Required S e ' 8

-

B, '7Power Plant 5

The power p!ant consists of the powerhouse building which

Lf=encloses the generating equlpment and auxtliaries, the

'3'high voltage substat;on, and the cooling tower.  The high

"?-voltage substation is Iocated adjacent to the powerhouse.

o‘The cooling tower is located on the opposite side ‘and doun-’
~}.w|nd of the powerhouse with respect to the prevallnng wlnds o

laand.at a sufficient dlstance to minimize the exhaust plume ;

"f'amPtngement on the powerhouse and the high voltage substation._ 1
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The equlpﬁeﬁt inside the pewer plant building cOnslsts of
the turbine generator, low level direct contact condenser,
hot well pumps, electrical switchgear, generator step-up'
transfqrmer'and associated mechanlcal and electrical auXi;

liary equipment.

The{steam enterlng'the turblne is'cohdenSed‘in the direct
contact condenser. The hot water is pumped to the cooling -
tower by.the hot well pumps and the cooled water ls‘returﬁed.
to the condenser'assisted by gravity andbthe condenser~vac- f
Qum.‘ The amount of WEter~evaporated in the cooling tower
nearly equals.the steam flow to the turbine. The ekcess

is reinjected into the ground together with the flash waste

‘water. Therefere,:once the plant is started no additional

cooling water ls,requlred;‘

.Steam Gathering Sx;tem and'Relnjectloanacllltles “,'

N

Hot water from the wells ls transported by the wellhead

"pressure to the hlgh pressure flash drum.» Each flash drum, ‘

o approx:mately lO ft. ln dlameter and 20 ft. hlgh ls fed

‘”3'by a maxlmum of four wells.‘ The high pressure steam and

- sure flash drum.‘;A‘fg

‘ hot water remainlng from the flrst stage flash are plped
k"7{i separately to the powerhouse.a The high pressure steam Is.

fed to the turblne and the hot water to a slngle low pres- S
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The low pressure flash drum, apprbxlmately 20 ft. in dia-
meter'and 30 ft. high, is located near the powerhouse.
The low pressure steam from the second flash is fed to

the turblne and the remaining hot water from the flash

~drum is pumped directly to the reinjection wells..

‘vA holding pond is prondeddat'each high pressure separator
" for the hot water in case the low pressure flash drum is
. out of servlee. Pumps are installed at each holding pond

- so that the waste water can be pumped to the rennjectlon

wells. A pump - ls also provuded at the coollng tower for

-1j{ dlsposal ‘of the blowdown into the reunjectlon system.

":Productlon and Reinjection Wells

RN

"'._gThe,productlon uells;are spaced at approxlmately 1,000 ft.
.Lintervale,d~$eventeen uells ere'drilled initially to pro-
:ffide«tne,reoulredveteeh'forftneepower plent. From previous
*rexperlenceplthae_beentdeterhined that the hot water flow
;1fr§m each-well deoreeees:wlth tlme until'in:approxlmatelY,'. S

.;ten years it levels off to about one half the origlnal :

B f]ow. Therefore, addltlonal wells are required to meet the'

-lg:power plant demand throughout the life of the plant. The

e {Ffwell drllllng schedule for the power plant requlrements ls o

shown ln Table w._;
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The reinjectuon wells are drilled approxlmately 9, 000 ft.

fram the power plant at the edge of the hot water field

Eight reunJectlon_wells are required, with two extra

wells drilled as spares in the beginning of the power plant

life.
COST ESTIMATE.
A

Power Plant

- The power:plant cost estimate was made using actual costs

~ from previously built plants escalated to 1977 and from

current date sopplied by major equipment:manufacturers.'

3»A,summary of’the'instailed cost is shown in Table .

A The ourrent (first ouarter 1977)-installed costs of the

'"_major equipment used in the cost estimate are shown below:

Turbine Generator 55 MW Gross , $6,090, 000
‘2'(~‘Condenser and Gas Removal Equipment . ~1,k20.060
Wot Vell Pumps 1,020,000

. cooiingvTower~o;:*,’f  - “;5 o ‘.300,000.

.'tSteam'Gatheriﬁgkand'Reinjection'Feciiitles :

'f~fThe cost estlmate for the steam gathering and- reinjection

':?;facilitles was made from cost of the |ndividual components.

‘f.f]A summary of the tnstalled cost ls shown in Teble ll.
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C.  Production and Reinjection wells

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

of -Phillips Petroleum Company.

Production Well i(l977) , $h83,000
Reinjection Well (1977) $435, 000

-

‘5. ECONOMIC ANALYSIS -

r

A. General

~ The economic analysis was made separately for the power

'itjij,

blant'and for ihe steam producing, gathering and reinjec-

" tion facilitles.

" The power plant analysis developed the cost per kilowatt-

ehour*based«onfthe tostuof"the installed power plant ex-

| SN A

cluding the price of steam.

-

':_,The steam prdduclng;agatherlng'and reinjection'facllltles

7lf”j -

vv’i analysls developed the selllng prlce of steam per kilo-'

-

""Natthour, to’ provide varlous rates of . return on lnvestment.

"Lifay-addlng the two kllowatthour cost- elements the rate of

L
P
i
v

"fi“return on. lnvestment on the steam produclng, gatherlng and .

';”reinjectlon facllatles can be obtasned for varlous electrlcv'

lfvﬂpuuer selllng prlces. 3
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Power Plant - -

The economic analysis of the power plant is shown in Table
t{1. The power plant cost is the cost at start of opera- -

tion in eerly 1981. Escalation of the 1977 cost was "

‘based on figures given in the next section. '

eSteam Production, Gathering and Reinjection Facilities

- The results of the economic enalysfs of the steam producing,

.Qathering and.relnjection'facilitfes are shown in Figure 1

which plots the'selling price of steam versus the return

on investment. Sample calculation for the rate of return

“are shown in Table IV.

~,The‘analysis was made using the present worth method where-
hin'the retufn'on‘investment\ls equal to’thatnreturn-which
' fvbalances the present worth of ‘the |nvestment outlay and

An'the present worth of the posutive net cash flow.

| :The following data supplied in a telephone conversat!on

epﬁby Paul English were used in the development of the eco-v

nomic analysls. /h'f

Land Acquisttlon Oost _ ',,',f ,’ o $152;500\p

“fi;Annual Lease Rentals, Payab!e up to . . HRRE
- Time of ProductIOn A < $ 61,200
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c. Escelation ‘ : : . A A
1977-1978 o . -10.0%

1979 a 9.5%
1980 4 ‘ 9.0% .
198y . ' 8.5%
1982 ' 8.0%

1983-1986 ’ ' v 7.5%
No escalation beyond 1986 . _

d. >302 of well cost depreciable
~70% of well cost intangible drilling cost

e.  Three dry wells

- f. Federal and State Income Tax 51%
g. Royalty Rate - ’ 103
h. vGross‘Production Tax andiAd Valorum Tex . - 3%
ir' - Overhead Investment Cost, Exéludlng Land 1.652

The following additional assumptions were made.

l a. Wells and gathering'sYstem has 20 year life for accounting

- purposes.

fb.’l Straight line depreciatlon :

C. [Llfe of field 35 years, whnch is the same as the power

p!ant.» ;

lnvestment tax credit was not used slnce it would: balance

' the interest on the money Spent before production starts.
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"TABLE 1

CAPITAL COST SUMMARY
55 MW GENERATING UNIT (Note 1)
COST ESTIMATE

Account No. - (2)

3N Structures and Improvements
314 Turbine Generator Unit, Condenser,
S Cooling Tower, Pumps, etc.:
- 315 "~ Power Plant Electrical Equipment
316 " Miscellaneous Power Plant Equipment
353 ~ Substation Equipment

_ Total Direct Cost
Engineering and Construction Management

. Sub Total
Contingency 10%

1 Sub Total

o (3) Financing During Construction @ 9%

Total Estimated Installgd Cost (&)

NOTES

a) Genetatlng Unit is Ssrﬁrbss)ﬂwr

Net Output at Bus 51.5 Mw

Dollars (Thousands)

$ 3,500

11,620

1,240
580

610

$17,550
1,755

$19,305
1,330

$21,235

1,911
$23, 146

{2)" Account,uumbers Include equipment in accordance with Federal Power.

- Commission Publication UNIFORM-SYSTEMS OF ACOUNTS PRESCRIBED FOR -

PUBLIC UT!L!ES AND LICENSEES FPC A-118

: approxamately total cost for one year at 9%.

"_:(3)t;24 month constructlon perlod. Financing during construction equal to

M G')‘_”‘VCosts are for Ftrst Quarter 1977 (Escaloha! '/‘a /7&0)? .‘ ‘




.

—

TABLE 11

CAPITAL COST ‘SUMMARY
STEAM GATHERING AND REINJECTION SYSTEM

GATHERING SYSTEM

Piping : :
Valves and Controls
_ Separators

" Sub Total

~ REINJECTION SYSTEM

‘Piping .
Pumps -and ‘Holding Ponds
Valves and Controls

Sub Total

TOTAL ESTIMATED INSTALLED COST
(Note 1 and 2) -

‘NOTES

) Cbsts ére-for'Fifst Qharter‘1977

- (2) Includes engineering and construction management,

“contingency and financing during construction

." IO - : . : N

$2,651,000
279,000

940,000

$3,870,000

$2,800,000
276,000
92,000
$3,168,000

$7,038,000
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TABLE 111

ESTIMATED COST OF POWER EXCLUDING FUEL COSTS

r

r

Fixed Charges
1. Return and Depreciation . 9.91
Lﬁ- 2. Taxes and Insurance. v : 5,43
o 3. Sub Total (Fixed Charges) E : 15;3k
- - Expenses
o | L. Operation- 0.55
.l 5. Maintenance 0.80
6. General Expense 0.4%1
L" 7. Total (Percent) o l7;ld
' 8. Estimated Construction Cost (1980) : $30,321,000
- . 9. Net Capacity . - ' 51,500 kw
iJ 10. Capacity Factor Operation : 80%
: ~ 11, Net Annual Energy Production (Milllon kwh) - 360.9
" 12. Cost Per Kilowatt ($/kwWh) - . : .o A
| . (Line 8 x Line 7)/(100 x Line 1) - 0.014
I : . , v e
: NOTES

(1) item} based on 35 year plant life using straight line depreciation
~ and 9.5% return. : .

_Li‘

(2)  Items 2, 3, k 5, 6 based on a California utnllty s application to
2 the Publtc Utliities Commission for construction of a geothermal

’ power plant.

A ;‘1 o
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