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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
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INTRODUCTION

This‘?eooft provides a preliminary evaluation of the
effect of reﬁerVoir temperatures on the cost of geothermal hot
water wells and'flasﬁ;;team gathering systems to support a 50,000
kW power plant; Comparisons are made of the capital investments
roquired for each caso aod‘the oorrespondlng payout period based

" on steam costs of 6 mi11/kWh - of powér generated,

In order to show how the reservoir temperatures and steam
cost affect the cost of electric power dellvered to the high ten-
sion bus at the poweroplant, capital costs estimates were prepared

and economic analyses made to determlne the cost of electric
'power’for each COfreSpondIng>ca$e.
DISCUSSION:
A STEAM'FRODUCT‘ON’FAC!LITIES
' In order to determlne the cost of the steam productlon

faclllties, It was flrst necessary to establlsh the baslc design

' 'and steam requlrements for the power plant.
A tWo-Stage'steam flash cohcept was empToyed for
;geotherhéi‘hot water reéérvolfﬁtempefaﬁufes above 350° F. in

ordorito'optimlzé hot_Watef usage and minimize geothermal well
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costs. The amount of flashed steam produced diminlshes rapidiy
\as the reservoir temperature drops below 3506 F. For this reason
iit is preferable to use a binary fluid cycle'power plant to re-
duce'fieid production.costs when reservoir temperatures approach
'tne lower values.,:The amount of fluid produced by flash-flowing
;diminishes.' Aiso;‘the fiuid‘temperature drops, resulting~in a
| ‘vcloser»temperature:approach and greater surface requirement in

the binarvdfluidsheat exchanger train. For this reason the7300° F
reservoirrtemperature case mas-evaluated'on the binary fluid

cycle powEr»piant and the prodhction facilities were cost esti-

mated on tne'basis of’mechanicaliylpumped wells,

The type of pump considered suitable for this service is'
'the deep well vertical shaft driven pump. Costs are based on
vendor s best estimates because pumps of suitabie capaclity are stili
.in the deveiopmental stage. Submersibie pumps were not considered
,su1tabie because the motors are likely to. over-heat and fanl in the

ihot geothermai weii environment. p'

For conservative estimating, the - |nitiai wells were '

) assumed to be spaced on 40 acre centers.~/Each weii is equnppedr
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with a highipressure,steam flash separator, from which the
steam is piped to a common manifold and delivered to the power

plant.

“The hot water from the steam separators is piped to

& common low pressure steam flash separator which is located

,adjacentkthe power plant. In this manner the low pressure steam

'“3iineris kept short; the water lines can be sized for a relatively

_high pressure,drop; and the water is brought closer to its point

of disoosal, which is by reinjectlonvin wells located on the

opposite side of the plant and assumed to be located at least

3,000 feet from the'production wells,

‘ Requirements for reinjection weils are based on one re-
injection well for every two productlon wells, The requirments

for productlon wells was predicted on a flow rate of 1500 gpm

hper well Fiow tests on other hot water geothermai fields have
"shown these to be reasonable bases for designs and cost esti-

' mating.ifj:'s

The cost of each production and reinjection well was

estimated at $250 000 Intangibie driliing costs were taken at

'“5150,000, basedron our estimated.casing program cost of $100,000,




.
R An additional expense [tem of $35,000 was added to each production

well for flow testing and evaluation.

Gedthermal~wel|s'typlca]ly exhibit a decline in pro-

ductlon.durlng»the'eafly years and a “levelllng off'" in the

decline curve with time. For each caée considered we have added

COéts for additional production and re!ﬁjectlon wells, based on

our estimate of a probable decline curve and life of the wells,

L

The téngiblé costs of the production.facilities were
depreciated on a straight line baéis rather tﬁan on a unit of
B pfoductronkbasis'because the In;reméntal well additions cannot
beAproduced at any greater rate than that which [s required
“to makefup'thé production decline to sustain the total pro-

"ducthn fixed by thevbower~p1ant._vThe‘average useful life of

the pfoduét)on well was taken as Zoryears'for’depfeclatlon
purposes. |
| ~ Each pfdduction wellbrequ{reS'é separator and steam
“ahd’watéf [fnés‘whlch wefe‘eStlméted'to cost SISh,OOO average
" §er'1nsta!jaf|oh;«'Tﬁe rglnjegtion wells afe fed by‘looz spared

pumps, taking suctlon from the common ]ow-preséuré separator.

“Incremental addition of rélnlectlon wells requires only piping

;oéts, estlhated at_$78;000, plus Weli;coﬁts'of $250,000,
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Réinjection pump discharge head requirements were

predicated oh_ovefcoming static and velocity head losses incurred

in flowing to the reinjection wells, In some instances, it has

been found that the pump can be shut down and by-passed once re-

“injection flow is established because the static head exerted

by the column of water in the well is sufficient to maintain

The cash flow analysis for the steam production fa-

cilities was predicted on the following:

1.

.Gross revenue based on steam sale price of

6 mills/kwh of eiec;ric power generated by the

»power'plant, operating at 85% average annual

“availability.

Royalty payment to lease holders of 10% of gross

; rgvenuég;A_

Dgpreciaéton on a_stfaigﬁ;linebbasfs.for 20 years,
| lntefe§§ paymeht o% 8% onAthe yeérly'net capftal- |
 reduireﬁent$. S |
Vbep1§tjon,éllowén;§ of’é?% pf.gqus jncomé, but

‘ nof‘fo exceed SO%fofvtaxébie iﬁcome.‘




6. income,taxes were calculated‘at'ah effective
rate of‘522 on the taxahie-income. This rate
: Was‘determined by . taking 48% for Federal income
tax and Arizona State income tax of 8% on income

after Federai taxes.

v,The'project schedule and capital expenditures for the

- steam production facilities are paced by the construction schedule

for the power plant, Six months are provided for drilling ex-
pioratoryiand step-out_weiis to establish the existence of adequate

~steamvandfto negotiate a contract with the utility company.

o2k months are provided for construction of the power
plant during which time the additional wells required to make up the
- total required production wouid be drilled and surface facilities
instaiied to deiiver the steam to the power plant and to dispose of
the waste water. These are admittedly tight scheduies but they -

could be reaiized by preseiecting the engineering and procurement

ot A 1 i s o 1 i i

: services so that the iong iead items could be purchased at the

‘t earliest date.j_
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Since the surface facilities do not have to be

purchased until the end of the second year, a cost escalation

| of 5% per year is included in the cost estimate. The capital

- cost estimaté also Includes an overall contingency of 15%. .

- The summary of the capital costs and payout periods

for the three principal cases are shown in Tables 1, 2 and 3.

" B. THE POWER PLANT
| ~ Summarized in Table k4 are the capital costs of the
‘pdwerbplant and-ﬁhe'cost of electricity delivered to the ﬁigh
tensfon bus for each'pf the corresponding geothermal reservoir
Atempératurercases‘usedzfor evaanting the cost of the steam pro-

duction facfiities.

Plénticosts are based on using steam turbine drives for

the generator,f The steam turbines are of the double admission de-

J_Sign'to accgpt high and low pressureAsteam delivered to the bower'

plaﬁt}from'thé th#stégé'flash separators in the steam production

facilities.

?: A§'a basis fbr cost‘éomparispn with a flash steam power

.planf,fghg cost ofra binaryipowgr‘cycle’planti(Magmamax)~islpre-

‘ seht¢d~for_theiﬁfghe§§ (450°F) geéthérmal reservoir temperature -

. case. Cqsts-ake also preséhted for the Magmamax plant using

-7
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‘geothermal hot water at a reservoir temperature of 300° F. At
this’ldwjtehperature level only the,binary fluid cycle plant is

considered practicable.

All plant capacities were based on 50,000 kW except for
the 300° F. reservoir temperature Magmamax plant. The latter was
based on 20,000 kW in order to limit the total number of geothermal

production wells-required,to,sybstain a single plant installation.

‘The 50,000 kW flash steam power plants were Ba;ed on the

following‘design parameters:

CASE - 1 2 3
Reservoir temperature, °F, = - 450 Loo 350
First flash pressure, Psia 95 95 75
First flash steam flow, Lb/Hr - 670,000 568,000 485,000
- Second flash pressure, Pisa S 20 20 20
. Second flash steam flow, Lb/Hr - 389,000. 584,000 800,000
~ Condenser pressure, “HG Abs 4 ok b
Condenser. duty, M2 ‘Btu/Hr 983 1,071 1,207

- Cooling water circ., gpm 51,800 56,500 63,700

‘Cooling Tower design parameters"

; Design wet bulb temperature 7kj,"75° F.
‘Approach temperature .89 F,

7'H>Temperature range ‘ 38° F,

Plant costs and condenser vacuum eJector s team requirements
‘were based on an assumptlon “that the noncondensible ‘gases enterlng

wl_th the steam would not exceed one percent by weight,
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The plant was aésumed to be situated on a relatively flat

area with good soil bearing. No special allowance was made in the

" cost estimate for piling, and only a nominal amount of grading work

was assumed necessary. .

The turbine building is a fabricated steel structure con-
talning controlvrbom, office space, change room, maintenance shop and

store room in addition to the turbiﬁe-generator set, associated

electrical equipment and bridge crane,

The capital cost estimate includes the cost of the power plant
and substation., Cost elements making up the estimate include equipment
tosts,,fieid erection materials and labor, construction Qvérhead and

profit.'fTo this-sum is added 15% contlngency_and.S%'for engineering.

Tbtal capitalizatIon-ihcludes interest during construction.

‘Based on the projected réte'of'éxpenditure over the two year construction
; period interest payment equal to one,yeaf‘é_amount was consldered -

_adequate., .

CONCLUSIONS: .

EcdnomfcieVaIUatlons were méde of the capita]:lnveStments

fequired,fof'the gedthérma!v$téam producttonffaci1ities and f@r the

powér,plaht‘to‘determine payout period and cost‘of:electrlc power.
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- These ordersof-magnltude costs pronde a basis for estab-
lishing the economic viability of the geothermal project for a

range of antiofpated reservoir fluid temperatures.

While geothermal reservolr temperatures In excess of 600°F

have been encountered in some fields, thls evaluation was limited

to a maximum temperature of 450° F per instructions of GKS Corporation.

 Based on a geothermal steam sale price of 6 mills per kW/Hr

'iof eieotrlclty produced, the payout period for'the steam production

rfaejiitfes.ranged from:9 years for 450°F reservolr temperature to 19

years for 350°F reservolr temperature. The_cost_of electricity deli-
veredrto the plant high tension bus varied from 10.67 mills/kWh to

10,88 mlils/kWh'for the same corresponding reservoir temperatures.

- The cost'of electricity»for-the 300°F reservoir case uti-

" lizing a binary fluid Magmamax cycle was 16,20 mills/kih.

1,RECOMMENDATIONS'

The results of this prellminary evaluation are adequate for

he purposes lntended however, it Is recommended that a detailed

‘ economlc analysls of the geothermal project be undertaken to determine '
: _definitive costs when the geothermal reservoir and fluid conditions are

hdetermlned by actual flow tests on multlple wells.
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CASE | 450°
50 MW
85% L.F.
372.3 x 10
Cost in $1

Well Requi

BHT

é7u50 Hr/Yr)
Kwh/Yr,

000

rements:

Iniéial

30 Year Total

TABLE |

160

Production, P - 22
Reinjection, R L 7
: . WELL ACCUMULATED INCOME : 2 o
WELLS WELL COSTS - SURFACE CTEST ~WELLS & FACIL. - LESS ) L. 8% OPERATIONS  TAXABLE
YEAR INSTALLED EXPENSED TANGIBLE FACILITY  EXPENSE -COSTS - 10%.ROYALTY . DEPRECIATION ~ INTEREST ~ COST - INCOME
1973 hp - 600 400 140 1,140 ; 91
1974 LP/IR 750 500 ' 140 2,530 f 210 :
1975 3R 450 300 2,118 ' 5,398 - 1005 1166 456 . 80 (147)
1976 2p 300 200 388 70 6,356 2011 ;195 492 160 794
1977 : : . 2011 1195 389 160 1267
1978 ' 2011 1195 272 160 1384/967
1979 T : 2011 1195 166 160 1490
1980 2P 300 200 388 70 7,314 2011 1225 143 160 1113
1981 SR - - 2011 1225 38 160 1588
1982 2011 @225 160 1626
1983 5 . 2011 1225 160 1626
1984 2P/1IR 450 300 466 ‘70 8,600 2011 1260 160 1071
1985 ' : o . . 2011 . 1260 160 1591
1986 2011 1 260 160 . 1591
1987 . - 2011 1260 160 . 1591
1988 2P 300 200 388 70 9,558 2011 1290 160 1191
1989 5 ‘ 2011 1290 160 1561
1990 ‘ 2011 . 1290 160 1561
1991 g : 2011 1290 160 1561
1992 2P/ 1R 450 300 466 70 10,844 2011 330 160 1001
1993 . : 2011 330 160 1521
1994 2011 330 160 1521
1995 ! ; ‘ 2011 195 160 1656
1996 2P 300 200 388 70 11,802 2011 1165 160 1316
1997 S 2011 165 160 1686
1998 2011 165 160 1686
1999 x . : 2011 165 160 1686
2000 2P/ 1R 450 300 466 . 70 13,088 2011 175 160 1156
2001 C . » 2011 175 160 1676
2002 2011 175 160 1676
2003 2011 175 160 1676
2004 2011 135 . 160 1716
2005 2011 135 1716

DEPLETION.

R

3
491
L9l
L9
491
491
Loy
Lo}
L9
L9y
L9y

252

520
323
570
590
590
302
572
572
572
364
556

" 556

265

536

536
606
L29
621
621

62] .

346
616
616
618
637
637

ACCUMULATED UNRECOVERED
TAXES PROFIT

52% (Loss)

CAPITAL
INVESTMENT

(831)

(2331)
(2178)
(1684)
(417)
232
7t
1010
1537
2082
2627
2935
3463
3991
4519
4855
5369
5883
6397
6642
7136
7630
8189
8585
9159
9733
10,307 .
10,626
211,76k
1412,333
- 12,921
13,509

1231
2831
5260
4859
3397
2070
905
478
.0
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- ~ TABLE 2
CASE 1l LOOOF BHT T
Well Requirements: : .
o v Initial 30 Year Total
Production, P 10 - 28 '
Reinjection,. R 5 9
: . B
:
‘ - . ' | .
| A - WELL ACCUMULATED - INCOME | g a Lo ACCUMULATED UNRECOVERED
WELLS = WELL COSTS © SURFACE ~ TEST - = WELLS & FACIL, LESS b 8%  OPERATIONS 'TAXABLE | TAXES  PROFIT CAPITAL
YEAR INSTALLED - EXPENSED TANGIBLE  FACILITY  EXPENSE COSTS 10% ROYALTY ; DEPRECIATION INTEREST __ COST INCOME . 'DEPLETION _52% (LOSS) INVESTMENT
. : T o . T ‘ A . : ' ~ : , i o .
1973 5 . 750 500 - 175 1425 5 ne N } S (1039) 1539
1974 5P/2R 1050 700 - 175 - 3350 e l B 277 s o 1 _ (2541) 3627
1975 3R - 450 300 2,700 | 6800 - 1005 ! 210 566 8 (306) ! (2847) 6723
1976 3P 450 300 582 105 8237 2018 255 . 6uh 170 387 ’ (2460) 6963
1977 o S g o . ' , 2011 i 255 - 557 . 170 1029 S -~ (th31) 5679
1978 V : o o ; 2011 { 255 _ ush 170 1132 i ’ (299) k292
1979 : RN | - - ' 2011 K 255 343 170 1243/944 | 472 245 227 3039
1980 = 3P/IR 600 kOO 660 105 - 10,002 2011 305 . | 376 170 455 ‘-ftx 227 119 336 3458
1981 ‘ o ' - IS 2011 i 305 277 176 1259 i B9l 399 705 2293
1982 ' | | a o 20H I 305 183 170+ 1353 . &9T hkg 1119 1083
1983 . ' , B o S - 2011 ! 305 _ 87 170 1449 ‘ - b9l 498 1579 0
1984 - 3P . - L50 300 582 . - 105 - 11,439 2011 | 350 170 936 1 L68 244 1803
1985 o o : e o - 2011 350 : 1700 thot | 49} 520 2283
1986 - - o e , 201t - | 350 . o 170 - Hi91 B9l 520 2763
1987 - S ' R R ‘ : 2011 ] 350 = 170 el ¢ gt 520 3243
1988 3P/IR 600 koo 660 105 - 13,208 2011 . hos S 700 731 365 190 3419
1989 . : : : , : : g 4 R 2011 fi hos , o 170 . 1436 - hor - hov 3873
1990 o , L S T 2011 ! o5~ S ¥ 36 - b9l hot - 1327
199t ' ' B X | 201t 405 - 170 1436 T 1T ) Y - ) S Y1
1992 2P/ 1R 450 3000 L66 - - 70 14,490 - 201 ) s cen o0 1700 - 876 ) K38 228 - h9o}
1993 1 o - T o 2011 -5 o 170 1396 b9t AL - 5425
‘1998 o : SRR e oo 2011 L5 S 170 1396 R Y R 'Y 3 5859
1995 R 7o s S , 2011 . 260 o . 0 - 158) | - L9l 567 6382
1996 2P ..3000 200 388 - 700 15,448 2011 220 - 170 1258 - 49V 395 6747
1997 - el ' e o ‘ ‘ ©204F 220 L 1706 1621 -~ b9l 588 7289
1998 ' S _ v I : 2011 ; 220 B 170 162t ot 588 - 7831
1999 - . 4 _ R . 201 220 170 1621 ;. b9t - 588 ~8373
2000 2P/1R R (R 300 hee - - 70 16,734 - 2071 } 205 o 170 1116 P b9l 325 8673
2001 . . - U A o 201 % 205 - - 170 1636 | 49t 595 9223
2002 : | o - 2001 | 205 170 1636 b9l 595 9773
2003 o , , o , 201y 205 170 1636 1 595 10,323 -
2004 S o ‘ ‘ ' | 2011 ! 160 : 170 1681 i kot 619 10,894
2005 : : 2011 ; 160 » 170 1681 Poh9n 619 11,465
; ;
’ I
| |
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YEAR

1973

1974
1975
1976
1977
1978
1979
1980
1981

1982

1983
1984
1985
1986
1987
1988
1989
1990
1991

1992

1993

1994

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

13
|
&
, TABJE 3 i
CASE 111 350°F BHT - : [
Well Requirements: ! :
initial 30 Year Total .
Production, P 15 30 §
Reinjection, R 8 11 %
, | |
'- |
L - WELL ACCUMULATED INCOME e _ i ACCUMULATED UNRECOVERED
WELLS "WELL COSTS SURFACE ~.-:- TEST ~  WELLS & FACIL, LESS . 8% OPERATIONS  TAXABLE = % TAXES  PROFIT ~ CAPITAL
"INSTALLED  EXPENSED TANGIBLE FACILITY: . EXPENSE - COSTS - 10% ROYALTY | DEPRECIATION ~ INTEREST __ COST - -NCOME - DEPLETION’ _52% (L0SS) - INVESTMENT
7P $1050 $700 $245 $1995 $160 / -$(1455) $2155
. 8P/hR 1800 1200 280 5275 435 - ’ f (3970) 5870 -
4R = 600 400 4031 ’ 10,306 1005 © 315. 872 105 (887) i (4857) 10,873 . -
Lp 600 Loo 776. . 1ho 12,222 .. 2011. - 375 1012 210 (326) (5193) 12,000
: S ' L S 2011 375 960 210 466 g (4727) 11,159
, 2011 375 892 210 534 L (4193) 10,250
' _ : , _ = 2011 375 820 210 606 | (3587) 9,269
L4P/IR 750 500 854 ° 140 14,466 2011 L5 910 ... 210 (blly) - (4031) 10,622
- S 2011 - L5 850 210 506 : *(3525) 9,671
_ ' , - : ' o 2011 Idi5 774 210 582/308 L 154 72 (3169) 8,716
Lp - 600 Loo 776 140 16,382 2011+ Lis 697 210 659 . 329 172 (3011) 7,784
' . ' s 2011 500 765 - 210 (204) i (106) (3109) 8,558
2011 500 685 210 616 308 160 (2961) 7,602
2011 500 608 210 693 L 346 180 (2794) 6,589
o : ‘ . . ' 2011° 500 527 210 774 387 201 (2608 . 5,516
2P/1R 450 300 - 1466 - 70 17,668 2011 540 541 210 200 . | 100 52 (2560) 4,828
: : 2011 540 : 386 210 875 . b37 228 (2350) 3,641
2011 540: 291 210 970 L85 252 (2117) 2,383
2011 540 190 210 1071 491 302 (1839) 1,074
2011 540 86 210 1175 - 491 356 (1511) 0
. ' 2011 1 540 210 1261 RTI 400 (1141)
1P/1R 150 100 272 35 18,225 2011 560 - 210 1056 - 49l 294 (870)
| 20001 | 25" 210 . 1556 | 191 554 (359)
2011 185 210 1616 . 491 585 181
- 2011 - 185 - 210 1616 . 491 585 . 721
2011 185 - 210 1616 b9t 585 1261
2011 185 210 1616 - 491 585 1801
2011 115 210 1686 9l 621 2375
2011 115 210 1686 i 491 - 621 2949
2011 115 210 1686 ' 491 621 3523
2011 115 210 1686 | 49t 621 L4097
2011 60 210 1741 . b9l 650 4671
2011 - 60 210 1741 - b9l 650 5162

# Net operating loss carry-over lost -
totaling $3,251 (5 year basis expired)
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SUMMARY

BASES: 50,000 Kw Capacity

7450 Operating Hours/Year
372,300,000 Kwh/Year Operation

Case
BHT, °F

Type

Plant Cost
Inc. Substation

Int, During Const.
Total Capitalization

Annual Costs

Fixed Charges

@ 18%
Operating Costs.
Labor and Material
Fuel Cost

Electricity Cost
at Plant Bus

1

.50

Flash
$IOOO
8,201

615
8,816

$1000 -

$1,587

Steam

_($/Kw)
(164)

(12)
(176)

 (Mil1s/Kwh)

(4.27)
-(0.40)
-(6.00)

(10.67)

2

400

Flash Steam

$1000

627
8,989
$1000

1,618

($/Kw)
(167)

(13)
(180)

(Mi11s/Kwh)

(4.35)

(0.40)

6.00

(10.75)

TABLE Lt

3
350

$1000
. 8,608

6l46

9,254
$1000

1,666

150

:t:
ol
v

ol&

Flésh Steam

($/¥w)
(172)

(13)
(185)
(Mi11s/Kwh)

(4.48)

(0.40)

6.00

(10.88)

L
450

Binary Cycle

$1000
9,020

676
9,696
$1000

1,883

200

($/Kw)
(180)

(lhx

(19&)

(Mi if,l s/Kwh)
(o.éh)

6.do

(11.@0)

* 20,000 Kw
7450 Hr/Yr,
149,000,000 Kwh/Yr.

. Gk

300

Binary Cycle

$1000 ($/%w)
7,011 (350)

526 (26)
7,537 (376)
$1000 (Mi11s/Kwh)
1,357 (9.10)

165 (1.10)

89L 6.00
2,416 4

(16.20)



