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l lowing study is  the result o f  a request t o  the Geo-Heat 
r Technical Assistance. 

INTRODUCTION 

In a le t ter  dated January 15, 82, an agency of The Department o f '  

Natural Resources, State o f  Washi ton ,  asked that  the Geo-Heat Center . 

investigate possible applica ons for using the warn water from three 

wells i n  Eastern Washington ee Figure 1 ) .  a t e r  temperature of the 

three wells i s  between 8 2 O F  and 88'F. In t h  r opinion, the water 

quali ty i s  such that  i t  i s  not currently economically feasible to  use 

the water for  conventional irrigated agrl  culture. Two applications sug- 

gested for our investigation w reenhouses and fresh water 

fish farming. The report addr  cal and economical f eas ib i l i t y  

o f  these twa applications.  

. 

. SUMMARY OF CONCLUSIONS, 

U t i l i z i n g  the warm well wa r for  a geothermal greenhouse heating 

system i s  highly economically feasible. 

water from Ander 

This i s  based on us ing  the 88°F 

The add i t ion  

, . 
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88°F well water directly i s  probably 

not economical ly 

5 ncl uded f o r  comparison purposes. A1 so, the estimated maximum we1 1 

pumping rates are shown, ,and the estimated pumping water levels,  

been raised i n  the O I T  wa However, additional analysis for 



, 
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WELL DATA & WATER ANALYSIS 

Table 1 

Est. 
WELL DATA Max. S t a t i c  Est. 

Pumplnq Depth Temp. Flow Level 
County Town Ranqe Sec. (ft) (OF) (gpm) ( f t )  Level ft 

7 - 
Cheyne Rd, 2 N 20 E 36 1400 80 950 400 690 

Gould #1 Benton 18 N 25 E 36 1000 82 2000 739 753 

.Anderson #1 Benton 10 N 24 E 36 1400 88 3500 762 797 

&&) $$I) (!:;!) (i!f)i) p~ SAR - 
Cheyne Rd. 9.34 67 1.27 0.47 167 0.72 8.5 13 

Gould #1 11.50 79 0.23 0.14 183 0.94 8.5 32 

Anderson #1 13.20 133 0.01 0.52 ' 288 1.80 8.7 39.4 

O I T  #5 . 3.50 331 25.10 1.04 44 3.84 8.2 17.6 
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GREENHOUSE SYSTEM 

derson Well #1 a t  3500 gpm 

For 

alculations. show tha t  10.6 

t e r  i s  cooled to  75OF. 

acres of greenhouses can be heated. A flow diagram of the conceptual 

geothermal heating system is shown on Figure 3. Heating is  accom- 

plished by transferring the heat t o  the greenhouses by forcing a i r  

over finned coi ls  i n  which the warm water is  flowing. 

the key flows and temperatures. 

coil units are required. 

side ends, with,the '7 

plas t ic  tube that  

culation rate amounts t o  2.5  SCFM of a i r  per squar 

t Figure 3 shows 

160 of the centrifugal fan/finned 

The units are located a t  each of the out- 

F warm a i r  distributed us ing  a large diameter 

uns overhead along the 96 foot length. Air cir-  

e.  Descriptions of t h  

t e r  is  assumed, 

posal may be necessary. 

GREENHOUSE COSTS c 

boiler w i t h  over- 

000 and annual op- 
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Additional work would be necessary t o  determine f ish yields and 

feed costs befo.re an economic evaluation of the aquaculture operation 

could be made. 
., 

LIFE CYCLE COST ANALYSIS 

e cost analysi for  the conceptual geothermal greenhouse . 

heating system a t  Sunnyside, Washington appear 

I t  was assumed tha t  the system would come on l ine  i n  1982. The  

20 year forecasts assume a 7% economic inf la t ion rate over the project 

l i f e ,  and additional inf la t ion rates for conventional fuels as fore- 

cast  by the Or4gon Department of Energy " F i f t h  Annual Report" as 

fol 1 ows : 

E l  e c t r i  cal Power 

. 7.86% through 1987 
9.10% th rough  2001 

In Table 5: I 

Column one provides the 20 year cost of e l ec t r i c i ty  for heating 

the greenhouse w i t h  an electr ical  boiler, 

Column two forecasts the maintenance costs for  the conventional 

ating a t  7% per annum. 

hree projects the insurance costs for the conventional system 
* 

inf la t ing a t  2% per annum. 

Column four sums the total  annual costs of operating the conventional 

sys tern. 

.Column five provides the  20 y cost of e l ec t r i c i ty  for heating 

the greenhouse w i t h  the  ge ermal system. 
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i x  forecasts the maintenance costs for  the geothermal system , 

i n f l a t i n g  a t  7% per annum. 

. Column seven pro jects  the insurance costs f o r  t he  geothermal 

sys tem . 
Column e igh t  shows t h e  20 year cash flows a f t e r  ' a l l  costs o f  t h e  

1 system are subtracted from projected costs o f  the conventional 
1 - heat ing system. 

Column nine discounts the  cash f low from column e igh t  t o  a r r i v e  a t  
I 

a ne t  present vaTue f o r  these cash flows. 

such t h a t  t he  discounted cash f low would exact ly  equal the addi t ional  

c a p i t a l  investment required f o r  the geothermal heating system. 

i s  the $1,100,000 minus $460,000 f o r  t he  conventional b o i l e r  system 

equals t h e  incremental investment o f  $640,000 f o r  the geothermal system. 

As the tab le  indicates, the r a t e  o f  r e t u  

A r a t e  o f  re tu rn  was sought 

. 

That 

. i s  .over 48%. Economically, the p ro jec t  i s  h i g h l y  f e  

. .  

' .  
b 
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L I F E  CYCLE COST ANALYSIS 
FOR 

TEMPERATURE GREENHOUSES 
DEPARTMENT OF NATURAL RESOURCES, ELLENSBURG, 

Table 5 

TOTAL CAPITAL COST 640000 
?XI’ PRESENT VAWE 640000 

1 2 3 4 5 6 5 7  8 9 
CITY MINTENANCE INSURANCE TflTN. COST ELECTRICITY HAINTENANCE INSURANCE NkT ENERGY DISCOUNTED 

CONVENTIONAL CONVENTIONAL (XINVENTIONAL OOhVENTIONAL CEOTHERPIAL GEOTHERMAL GEOTRERMAL SAVINGS CASH FLOW 
48 e341 54% SYSTEM SYSTEM s l s m  SYSTEW SYSTEM SYSTEM LIPSTEM 

-- PRESENT O S T  ’3003 3 3 13800 2300 50132 , 22803 YEAH 

198 324059 14766 2346 341171 54093 257069 173295 1 
198 349660 15800 2393 367852 58366 277657 126178 2 
198 377283 16906 244 1 396629 62977 299881 91867 3 
198 407088 18089 2490 427667 67952 32387 I 66884 4 
1986 439248 19355 2539 461143 73320 349767 48693 5 
1987 473949 207 10 2590 497249 79113 34222 6194 377721 35448 6 
1988 517078 22 160 2642 541880 86312 . 36617 - 6318 412633 26105 7 
1989 564132 237 11 2695 590538 94166 39180 6444 450747 19223 8 
1990 615468 25371 2749 643588 102735 41923 6573 492356 I4155 9 
1991 671476 27147 2804 701426 112084 44858 6704 537780 10423 10 
1992 732580 29047 2860 764487 122284 47998 6839 587367 7674 11 

.. - - 1993 799245 31080 2917 833242 133412 51 358 6975 641498 5650 12 
1994 871976 33256 2975 908208 145552 54953 ’ 7115 700588 4160 13 
1995 951326 , 35584 3035 989945 158798 58799 7257 765091 3062 14 
1996 1037897 38075 3095 1079067 173248 62915 7402 835501 2254 15 
1997 1132346 40740 3157 1176243 189014 67319 7550 912360 1659 16 
1998 1235389 43592 322 1 1282201 2062 14 72032 7701 . 996254 1222 17 
1999 1347809 46643 3285 1397738 224979 77074 7855 . 1087829 899 18 
2000 1470460 49908 335 1 1523719 245453 82469 8012 1187785 662 19 
2001 16042 72 53402 3418 1661091 267789 88242 8173 1296888 487 20 

YEA 

TOTAL 15922744 605339 576302 16585085 2657861 1000274 ~ 6 3 0 8  12790642 640000 

S I H P L E  PAYBACK 3 YEARS 
DISCOUNTED PAYBACK 20 YEARS 
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