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INTRODUCTION . 

This report provides a prel iminary evaluation o f  the 

e f fec t  o f  reservoir temperatures on the cost o f  geothermal hot 

water wel ls and flash-steam gathering systems t o  support a 50,000 

kW power plant. Comparisons are made o f  the capi ta l  investments 

required f o r  each case and the corresponding payout period based 

ksr 

bid 

i 
_ _  on steam costs of  6 mi11/kWh of power generated. 

I n  order t o  show how the reservoir temperatures and steam 

cost affect the cost of e l e c t r i c  power del ivered t o  the hlgh ten- 

s ion bus a t  the power plant,  capi ta l  costs estimates were prepared 

and economic analyses made t o  determine the cost of e l e c t r f c  

correspond i ng case. 
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DISCUSSION: t 
i ’  
G s t  of the steam pmduct lon 

the baslc design .L 

t 
i 
kc 
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I costs. The amount o f  flashed steam produced diminishes rap id ly  
b 

' a s  the reservoir temperature drops below 350' F. 

L 
For t h i s  reason 

i t  i s  preferable to  use a binary f l u i d  cycle power p lant  t o  re- 

duce f i e l d  production costs when reservoir temperatures approach 

the lower values. The amount o f  f l u i d  produced by f lash-f lowing 

diminishes. Also, the f l u i d  temperature drops, resu l t i ng  i n  a 

closer temperature approach and greater surface requirement i n  

the binary f l u i d  heat exchanger t ra in.  

reservoir  temperature case was evaluated on the binary f l u i d  

&i 

For t h i s  reason the 300' F. 

L cycle power p lan t  and the production f a c i l i t i e s  were cost es t  

mated on the basis o f  mechanically pumped wells. 

t h i s  service i s  

we re  not cons i de red 

eat and f a i l  i n  the 

I 

I r -  
I 

L 

I 

t 
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wi th  a high pressure steam f l ash  separator, from which the L 
steam i s  piped t o  a common manifold and delivered t o  the power 

plant. 

r from the steam separators i s  piped to  

steam f lash separator which i s  located 

adjacent the powel' plant. 

l i n e  i s  kept short; the water l ines can be sized f o r  a r e l a t i v e l y  

high pressure drop, and the water i s  brought closer t o  i t s  po int  

o f  disposal, which i s  by re in ject ion i n  wel ls located on the 

opposite side o f  the p lan t  and assumed t o  be located a t  least  

3,000 f ee t  from the production we1 Is. 

I n  t h i s  manner the low pressure steam 

t 
Requirements f o r  r e i n j e c t  n wells are based on one re- 

ect ion well f every two production wells. The requlrments 

f low rate o f  1500 gpm 

hermal f i e l d s  have 

s and cost e s t i -  

cost o f  $100,000. 

-3- L 
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An addi tional expense 1 tern of $35,000 was added to each production 

we1 1 for flow testing and evaluation. 

1 -  
r 

Geothermal welts typically exhibit a decline In pro- 

duction during the early years and a "levelling off" in the 

decline curve with time. 

costs for additional production and reinjection wells, based on 

For each case considered we have added 1 
ti 

1 
i , :  depreciated on a straight line basis rather than on a unit of 1 

I 

L 
c 
lii 

L 

I] 
L 
e 

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

The tangible costs of the production factlitles were 

! 
' i  

1 
,- 
I 

L; 

I 
production basis because the incremental well additions cannot 

i 
! L at any greater rate than that whlch is required 

the production decline to sustain the total pro- 

duction fixed by the power plant. 

the production well was taken as 20 years for depreciation 

The average useful life of 

. , .  

ductlon well requires a separator and steam 

s t  $194,000 average ere est ima ted 

1 'I relnJection wells are fed 

umps, taking suctlon from the common low 

incremental addition of  reinjection w 

costs, estimated at $78,000, plus we1 c 
-4- 
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Reinjection pump discharge head requirements were 
e 

predicated on overcoming s t a t i c  and ve loc i ty  head losses incurred 

i n  f lowing t o  the re in jec t i on  wells. In some instances, it has 

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

i 
i" 

t 
t i n j ec t i on  f low i s  established because the s t a t i c  head exerted 

by the column o f  water i n  the wel l  i s  s u f f i c i e n t  t o  maintain 
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6. Income taxes were calculated a t  an ef fect ive 

. rate o f  52% on the taxable incoke. This ra te 

was determined by taking 48% f o r  Federal income 

tax and Arizona State income tax o f  8% on income 

1 a f t e r  Federa 1 taxes. 

The pro ject  schedule and capi ta l  expenditures fo r  the 

team production f e c i  1 i t i e s  are paced by the construction schedule 
Id 

f o r  the power plant. Six months are provided for d r i l l i n g  ex- 

y and step-out wel ls to,,establish the existence o f  adequate 

o negotiate a contract w i th  the u t i l i t y  company. 

24 months are provided fo r  construction o f  the power 

p lan t  during which time the addi t ional  wel ls required t o  make up the 

t o t a l  required produ n would be d r i l l e d  and surface f a c i l i t i e s  . 

i n s t a l  led t o  del iver steam t o  the power p lant  and t o  dispose of  

-6- L 
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Since the surface fec i  1 i t i e s  do not have t o  be 

purchased u n t f l  the end o f  the second year, a cost escalat ion 

o f  5% per year i s  included i n  the cost estfmate. The capi ta l  

cost estimate a lso includes an overa l l  contingency o f  15%. 
kc 

The s u m r y  o f  the capi ta l  costs and payout periods 

L f o r  the three pr inc ipa l  cases are shown i n  Tab 

_ _  - . - . -I- 

B. THE POWER PLANT 

es 1, 2 and 3. 

Sumnarited i n  Table 4 are the capi ta l  costs o f  the 
I 

power p lant  and the cost o f  e l e c t r i c i t y  delivered t o  the high 

1 

h -  - 7- 
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L 
geothermal hot water a t  a reservoir temperature o f  300' F. A t  

ii t h i s  low temperature level  only the binary f l u i d  cycle p lant  i s  

cons i dered pract  i cab le. L 
kr 

A l l  p lan t  capacities were based on 50,000 kW except f o r  

the 300' F. reservoir temperature Magmamax plant. 

based on 20,000 kW i n  order t o  l i m i t  the t o t a l  number o f  geothermal 

production wel ls required t i n  a s ingle p lant  ins ta l  lat ion.  

The l a t t e r  was 

i d  
L 
Id 

1 
1 
li 

I 
L 

The 50,000 kW f lash  steam power pla 

fo l lowing design parameters: 

1 - 2 - 3 - CASE - 
Reservoir temperature, OF. 45 0 400 350 
F i r s t  f lash  pressure, Psla 95 95 75 
F i r s t  f lesh  steam flow, tb/Hr 670,000 568,000 485,000 
Second f l ash  pressure, Pisa 20 20 20 
Second f lash  steam flow, Lb/Hr ' 389,000 584,000 800,000 
Condenser pressure, "HG Abs 4 4 4 
Condenser duty, M2 Btu/Hr 983 1,071 1,207 
Cool ing' water c i  rc. , gpm 51,800 56,500 63,700 

team requ i remen t s  

i b l e  gases enter ing L. 

-8- 
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The plant  was assumed t o  be si tuated on a r e l a t i v e l y  f l a t  

area w i t h  good s o i l  bearing. No special allowance was made i n  the 

cost estimate fo r  p i l i n g ,  and only a nominal amount of grading work 

was assumed necessary. 
id 

i 

The turbine bu i l d ing  i s  a fabricated steel  structure con- 
k 

t a in ing  control  room, o f f i c e  space, change room, maintenance shop and u 
store room i n  addi t ion t o  the turbine-generator set, associated 

e l e c t r i c a l  equipment and bridge crane. 
.- 

The capi ta l  cost estimate includes the cost o f  the power p lant  

and substation. Cost elements making up the estimate include equipment 

costs, f i e l d  ere ion materials and labor, construction overhead and 

p ro f i t .  

Id 

1; 

L1 
To t h i s  sum i s  added 15% contingency and 8% f o r  engineering. 

Total cap i ta l i za t i on  includes in terest  during construction. 

L Based on the projected rate o f  expenditure over the two year construction 
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These order-Qf-magnitude costs provide a basis for estab- 

l i sh ing  the economic v i a b i l i t y  o f  the geothermal project  f o r  a 

range of  ant ic ipated reservoi r f l u i d  temperatures. 
L 

While geothermal reservoi r temperatures In  excess o f  6OOOF 

i, have been encountered i n  some f ie lds ,  t h i s  evaluation was l im i ted  

t o  a maximum temperature of 450'F per instruct ions o f  GKS Corporation. 

Based on a geothermal steam sale p r ice  o f  6 m i l l s  per kW/Hr 

o f  e l e c t r i c i t y  produced, the payout period f o r  the steam production 

f a d  1 i t i e s  ranged from 9 years for 45OoF reservoir temperature t o  19 

years for  350'F res v o i r  temperature. 

vered t o  the gh tension bus var ied from 10.67 mllls/kWh t o  

10.88 m i  1 ls/kWh f o r  the same corresponding reservoir temperatures. 

lj 

The cost of  e l e c t r i c i t y  d e l i -  

t r i c i t y  f o r  the 300'F reservoir  case u t i -  li 
i d  Magmamax cycle was 16.20 mills/kblh. 



TABLE I 
CASE I 4500 BHT 

50 MW 
85% L.F. 7450 H r / Y r )  

Cost i n  $1000 
372.3 x 10 b Kwh/Yr. 

Well Requirements: 
30 Year Total 

Production. P 22 
Reinject ion, R 4 7 

, 8% , OPERATIONS TAXABLE 
INCOME 
LESS 

ACCUMULATED UNRECO~ERED 
TAXES PROFIT CAP I TAL 

WELL 
SURFACE TEST 
FACi LI.TY EXPENSE 

ACCUMULATED 
WELLS E; FACIL. 

. COSTS 
WELLS WELL COSTS 

I NSTALLED EXPENSED TANG I B t E  YEAR 

1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
E 8 7  
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
r999 
2000 
2001 
2002 
2003 
2004 
2005 

- 

1005 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 

91 
210 
456 I 

492 
389 
272 
166 

38 
143 1 

(147) 
794 

1267 
1384/967 

1490 
1113 
1588 
1626 
1626 
1071 
1591 
1591 
1591 
1191 
1561 
1561 
1561 
1001 
1521 
1521 
1656 
1316 
1686 
1686 
1686 
1156 
1676 
1676 

1716 

1676 
1716 

1231 
283 1 
5260 
4859 ' 

3397 
2070 
905 
478 

0 

4P 
4 P I  1 R 
3R 
2P 

2P 

2P/ 1 R 

2P 

2P/ 1R 

2P 

2P/ 1R 

600 400 
750 5 00 
45 0 300 
3 00 200 

140 
140 

2,118 
388 .70 

1,140 . 

2.530 
I166 
: 195 
'' 195 

195 
1 195 

(83 11 
(2331) 
(24781 
(f684) 
(41 7) 

252 232 
520 71 1 
323 10lb 
570 1537 
590 2082 
590 2627 
302 2935 
572 3463 
572 3991 
572 4519 
364 4855 

5369 
5883 
6397 

265 5642 
536.  7ps6 
536 7630 
606 8 189 
429 8585 
62 1 9159 
62 1 9733 

346 ' .  10,626 
616 ' ,*!')k, 195 

637 
637 13,509 

621' 10,307. 

12,921 

80 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 

5,398 
6,356 ~ 

388 70 

466 70 

388 70 

7,314 3 00 200 ' 225 
1225 

450 300 8,600 

3 00 200 9,558 

' 290 
290 
330 
330 
330 
195 

1165 
165 
165 
165 
175 
175 
175 
175 
135 
135 

i 

466 70 450 300 10,844 

? 

300 200 388 70 

466 70 
I 

11,802 

450 300 13,088 



i 
t 

T A B h  

i 
t i i 

CASE 1 1  4000F BHT 

We 1 1 Requ I remen ts : 3 
. .  I n i t i a l  30 Year Total I 

i 
Production, P IO 28 
Reinject ion, R 5 9 

i 

li 
, 

\ 1 

WELL ACCUMWATE D INCOME 1 1 I AGCUMU LATED UNRECOVERED 

YEAR INSTALLED EXPENSED TANGIBLE FACl L I  TY EXPENSE, COSTS DEPRECIATION INTEREST COST I N €OME (LOSS) INVESTMENT 
WELLS WELL COSTS SURFACE TEST WELLS & FACIL. 8% OPERATIONS TAXABLE TAXES PROFIT CAP t TAL 

EPLETION 52% 

( 1  039) 1539 
(2541 3627 

210 566 85 (3061 (2847) 6723 

B -  1973 5p 75 0 500 175 1425 
1974 5P/2R 1050 700 175 3350 

255 644 170 387 f 2460) 6963 
3R 450 3 00 2,700 6800 

255 557 170 1029 (1431) 5679 
[' ;;;; 3P 450 300 582 

1977 
1978 255 454 170 1132 1 ( 2 9 )  4292 

3 P / l R  600 400 660 1 05 10,002 305. 376 170 455 227 119 336 3458 1980 
1981 30s 277 170 1259 I 491 399 705 2293 

3 05 183 170 448 11 19 1083 
3 05 87 170 498 1579 0 .  

[ 1982 
1983 

1 05 ' 11,439 350 170 244 1803 
3sa 130 520 2283 1985 

201 1 1 i 350 170 T491 491 520 2763 
201 1 I 350 170 1491 ' 491 520 3243 

E 1986 
1987 
1988 3P/ t R  600 400 660 1 05 13,204 201 1 405 17Q- 731 1 365 190. 3419 

2oi 1. 405 170 1436 49 1 49 1 3873 
201 1 405 ' 170 1436 49 1 491 4327 

1 1989 
1 9  

f70 t436 49 1 49r 4781 
170 876 ' 1 438 228 4991 

1991 201 t 405 
2P/lR 450 300 466 . 70 14,490 201 1 445 

2011 1 445 170 1396 4gr 471. 5425 
1992 

, 201 1 445 170- t 396 491 471 5859 
1993 

201 t 260 170 1581 I 491 567 6382 
1994 . 

15,448 201 1 220 170 1 s t  49 1 395 6747 
220 170 1621 49 1 588 7289 
22Q 170 1621 ' 491 588 783 1 

201 i 
:;g 2P 00 200 38% 

201 1 
€997 
1 9% 

2P/ Iff 45 8 300 466 70 16,734 20T 1 205 1 70 1116 1 491 325 8673 
201 1 

2000 
205 c70 1636 I 491 595 9223 
2 05 170 1636 ' 491 595 9773 

2001 201 1. 

2003 201 1 205 170 1636 1 491 595 10,323 
c 170 1 491 6tg 10,894 168 1 160 
1 160 170 1681 i 491 619 11,465 

2004 201 1 
2 005 201 1 

1 
1 114 

277 i 
I 1005 + 

105 8237 

255 343 170 1243/944 1 472 245 227 3039 r 1979 

1984 3P 45 0 300 582 

' 

?Q 
1 

I 
I 
1 220 170 I621 1 4gi 588 ' 8373 [ I999 

[ 2002 201 1 1 

1 

1 



CASE 1 1 1  35OoF BHT . 
We1 1 Requirements: 

I n i t i a l  30 Year Total 
Production, P 15 30 
Reinject ion, R 8 11 

8: 
WELL ACCUMULATED 

WELLS WELL COSTS TEST WELLS & f A C I L .  1; YEAR INSTALLED EXPENSED, TANG t BLE EXPENSE COSTS 

1973 , 7p $1 050 
8P/4R 1800 
4R I ,  600 

E 1974 
i 975 
1976 4P 600 
1977 

1979 
1980 4P/1R 750 

n 1978 

$700 $245 $1995 
1200 28 0 5275 
400 403 1 10,306 
400 716. , 140 12,222 

. .  

500 854 140 14,466 
" -. 

1983 4? 600 400 776 140 16,382 

2P/1R 450 

1986 
1987 
1988 300 466 70 17,668 
1989 
1990 

1992 
1993 

1 P / l R  150 100 272 35 18,225 

1996 
1997 

1999 
2000 [1 2001 
2002 
2003 
2004 1' 2005 

TAB d E 3 

I 
i 

i; 
I MCOME i 

i 

t 

LESS 
10% ROYALTY II DEPRECIATION 

f 

1005 t 

201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 I 
201 1 
201 1 
201 1 

201 1 
201 1 
201 1 
201 1 
201 1 

. 2011 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 
201 1 

i 
201 1 f 

s d 

I 
i 

201 1 I 

315- ' 

375 
375 
375 
375 
445 
445 
4ii5 
445 
500 . 

5ao 
5 00 
500 
540 
540 
540 
540 
540 
540 
560 
245 
185 
185 
4 85 
185 
115 
115 
115 
115 
60 
60 

, 
8% OPERATIONS 

INTEREST . COST 

$160 
435 
872 1 05 

101 2 21 0 
960 210 
892 21 0 
820 210 
910 210 
850 21 0 
774 21 0 
697 2-1 0 
765 210 
685 21 0 
608 210 
527 21 0 
54 1 21 0 
386 210 
29 1 210 
190 21 0 
86 210 

210 
21 0 
210 
210 
21 0 
21 0 
21 0 
210 
21 0 
21 0 
21 0 
210 
21 0 

_ _ -  I 

I 
I 

TAXABLE TAXES 
iNCOME, LETION,! 52% 

i 

(887) ' 1 
(326) I 

1 

! 

466 
534 
606 

(444) 
5 06 

582/308 ' 154 72 
659 b 329 172 

(106) 
160 

(204) 
6'1 6 308 
693 i 346 180 
774 1 3517 201 
200 i 100 52 

970 ' 485 252 
1071 49 1 302 
1175 , 491 3% 
1261 [ 491 400 
1056 . 491 294 
1556 I 491 554 
1616 1 491 585 
1616 ' 491 585 
1616 t 491 585 
1616 49 1 9 5  
1686 49 1 62 1 
1686 491 62 1 
I686 1 491 62 1 
1686 t 491 62 1 
1741 ' 491 650 
1741 ; 491 650 

875 ' 437 228 

I 

ACCUMULATED UNRECOVERED 
PROF1 T CAPITAL 

. INVESTMENT (LOSS 1 

$ (1455) $2155 
(3970) 
(4857) 
(5193) 12,000 
(4727) 11,159 
(4193) 10,250 
(3587) 9 , 269 

10,622 (403 1 1 
*(3525) 9,67 1 

(3169) 8,716 
(301 1) 7,784 
(3109) 8,558 
(2961 1 7,602 
(2794) 6,589 
(2608 5,516 
(2560) 4,828 
(2350) 3,641 
(21 17) 2,383 
( 1839) 1,074 
(151 1 0 
(1 141) 

(870) 
(359) 

181 
721 

1261 
1801 
2375 
2949 
3523 
4097 
461 1 
5 162' 

I 

1 Jc Net operat ing loss carry-over lost - 
, t o t a l i n g  $3,251 (5 year basis expired) 



TABLE 4 I 

. 
SUMMARY 

* 20,000 Kw i 
i 7450 Hr/Yr. 

149,000,000 K w h l Y r  . 
I 5* 

300 

Binary Cycle 

BASES: 50,000 Kw Capacity 
7450 Opera t i ng Hours/Year 
372,300,000 Kwh/Year Operation 

Case 1 

BHT, OF * 450 

TY Pe Flash Steam 

4 ' 2  3 

350 

Flash Steam 

$1 000 ($/Kw) 

8,608 (172) 

400 

Flash Steam 
1 

$1 000 ($/W 
8,362 (167) I 

450 

Binary Cycle 

$1000 ($/W 
Plant  Cost 8,201 ( 164) 

Int. During Const. (12) 

Inc. Substation 

676 ( 141; 526 
9,696 (194) 7,537 

$1000 (Mi  l'ls/Kwh) $1 000 

1,357 1,883 (5 . 06)  

200 (0. $4) 165 

i 

f 

Total Cap i ta l i za t ion  8,816 (176) 

Annual Costs $1 000 (M i  1 1 s/Kwh) 

Fixed Charges $1,587 (4.27) 

Operating Costs ~ 150 (0.40) 

@ 18% 

8,989 .( 180) 
$1000 (Mi 1 1 s/Kwh) I 

1,618 (4.35) 

$1 000 (Hi 1 ls/Kwh) 

1,666 (4.48 1 

150 (0.40) 150 (0.40) 

Labor and Materia 1 
Fuel Cost 2,234 (6.001 

4,317 
2.234 ' (6.00) 

$3,971 
2,234 (6.00). 
4,002 

2,234 (6.00) 
4,050 

( 1  1 .+) E l e c t r i c i t y  Cost ( 1 0.67 1 
a t  P lant  Bus 

( 1 0.75) (10.88) 

I 


