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UTILIZATION OF WARM WELL WATER
EASTERN WASHINGTON STATE

The. foTTowing study is the result of a request to the Geo-Heat '
_'Center for Technicai Assistance

*INTRODUCTION

| Ina Tetter dated January 15 1982, an agency of The Department of

Natural Resources, State of Washington, asked that the Geo-Heat Center '
5finvestigate possibTe appiications for using the warm water from three

: weTTs in Eastern washington (see Figure 1). Mater temperature of the '

three wells is between 82°F and 88°F. In their opinion, the water

"quality is such that it is notvcurrentiy economicaliy feasibie to use
the water for conventional irrigated agriculture Two'appiicationswsug-
,’gested for our investigation were heating of greenhouses and fresh water

~fish farming The report addresses the technical and economicaT feasibility.'

of these two applications

TJSUMMARY 0F CONCLUSIONS, |

o Utilizing the warm well water for a geothermai greenhouse heating
system 1s.highiy.economicaily feasibie. This-is based on using the 88°F

y water from Anderson Well #1 to heat»greenhouses totaling approximately
10.6 acres. .'The additionai'investment'of‘$640 OOO'above the cost for

a conventionai electric boiTer system shows a rate of return of 48 3% on

_ a 20 year Tife cycle analysis The 51mp1e payback is 3 years.

The 88°F weT]'water is not warm'enough for. prawn (macrobrachium
"rosenbergii) aquacuiture. since water fiow requirements are excessive
. to maintain the desired 80°F pond temperature However, the water is

warm’ enough to maintain a 60°F,pondktemperature for trout farming.
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Trout farming u51ng the 88°F weii water directly is probabiy
"not economicaiiy feasible due to high eiectricai pumping cost
-ﬁi($34,626 per year) for the seven»l/2 acre ponds that could be
.heated Trout farming using the 75°F effluent water from the
10.6. acre’ greenhouse to heat four 1/2 acre ponds may be economically

B fea51b1e since the.waternbooster pumping. cost is Tow ($1189 per year).;

' HELL INFORMATION

Tabie 1, Weii Data & water Anaiysis, is a summary of the infor-

mation avaiiabie on the three Eastern washington ‘wells. The water
iﬂanaiysis for the Oregon Institute of. Technoiogy Weii #5 has been _
'included for comparison purposes Aiso, the estimated maximum well

pumping rates are shown and the estimated pumping water levels.

The chemicai water anaiysis indicates that any of these three
"*waters couid be used in a geothermai heating system without any un-.
1'usuai difficuities Also, comparing the three waters to the oIT -
"ﬁ#S Weii suggests that there is a- good probabiiity the washington

weii water is: suitabie for aquaculture Both prawns‘and trout have

- been raised in the OIT water However, additionai anaiysis for

‘fiouride, boron, radon and heavy metals wouid be necessary for a
fpositive determination The uitimate test is a bioassay using the

;;'actuai water to be used in the ponds T
Andersonyweii #1'has~the warmest water’(88°F)fand the'iargest
'estimated pumping capacity (3500 pgm) The greenhouse evaantion o

"1s based on using this water




. MELL DATA

. County

Cheyne Rd.
- Gould #1

.Andefsdn’#l A

~Town

WELL DATA & WATER ANALYSIS

Table 1

Range ‘,Séc.

Dépth
(ft)

Est}
Max.
Flow

Yakima

Bénton

Bentdn‘

WATER ANALYSIS

Cheyne Rd.
Gould #1
Anderson #1

COIT #5 -

| “Na -
1_91_1. (Mg/1) 1_sﬁ1) 1_9/1)
0.47

9.34

12N

18 N
10 N

79

- 11.50.

13.20
3.50

20 E -

25°E

,'24 E

36 -

36
36

1400

1000

1400

133
331

1.27.

0.23

25.10

-.0.14

0.01

0.52

- 1.08

HCO
(Mg/T)

167
183

288

44

- {gpm)

950
2000
3500

&

0.72
0.94
1.80

3.84

Static Est.
Level = Pumpin

(ft) Level ?ft);

400. 690
739 753 -

762 797

PH

8.5

8.5 -

8.7

8.2

SR
13
32
39.4
17.6




GREENHOUSE SYSTEM

The peak heat avaxlable from the Anderson we11 #1 at 3500 gpm

t_is 22 76 m1111on Btu/hour when the water 1s cooled to 75°F. For

the climaticeconditions»at»the,well, calcu]ations.show that 10.6
:aeres of’greenhouses can belheated. A flow diagram of the conceptual
geothermal,heating system<is shown on Figure 3.‘.Heat1ng is accom-‘
pliShed by transferring the heat to thefgreenhouses,byaforc1ng‘air
v0yer»finned,coiis‘in‘which»the warm water is flowing. Figure 3 shows
the key flows and temperatures. 166kof‘the centrifugal'fan/finned
‘,coi1 units are required. The_units(are Tocated at each of the out-
side ends, with,the'78°? warm air dfstributed usjngva 1arge diameter -
_ p1astic tube that runs overhead aTong the 96 fOotb1ength Air cir-
culation rate amounts to 2.5 SCFM of air per’ square ‘foot of floor

: Space. Descrtpt1ons of the greenhouses and the p1p1ng layout are

‘shown_on F1gure 2.

Surface disposa1 of the 75°F effluent greenhouse water is assumed,

'and amounts to 1 200 acre feet per year An alternate method of d1s-

posal may be_necessary;

GREENHOUSE COSTS

| Capita1 and operat1ng costs for the geothermal heating system fbr .
' the 10 6 acre greenhouse comp1ex is shown on Table 2. Capita1 cost
S is $1 100 000 and f1rst year “annual operating cost is $78, 435 Tab]e
3 summar1zes the capita] and operating costs that would occur 1f the
;,same greenhouse complex was heated with an’ electric boiler with over-

,head water_conyect1ve units.‘ Cap1ta1 cost is $460,000 and annual op-‘
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" SUMMARY OF CAPITAL AND OPERATING COSTS

'GREENHOUSE USING ANDERSON WELL
~.1982 Dollars

Table 2

o Q CAPITAL

# Vertical turbine pump w/var1able speed drive (1000 hp motor)
~ Piping (PVC, uninsulated) '
"3‘Centrifuga1 fans, 3 hp motors (160)
- Finned coils in fan discharge (160) -
Ducting and discharge tubing ..
Misc. mechanical and electrical
SR -  SUBTOTAL
Contingency & Engineers. fee

TOTAL CAPITAL

" 0PERATING~COST'(lst'Year):

‘jMa1ntenance

Piping, ducting and finned coils | | $2;781
Centrifugal fans . R ‘_ 10,753 -
Well pump and driver" e ’_' ‘ 9,269
| | | | TOTAL MAINTENANCE
Insurances

'_-Electric power 3 1789 hrs/yr % s 025/kwh

Pumping _’ 780 8
' Fans J‘5 3401
o 1120.9 kw

1120.9 %1789 X .025 = i

TOTAL OPERATING
COST (1st YEAR)

$150,000
.200,000
290,000
/160,000
90,000

. 60,000
950,000

$1,100,000

' $22,803
5,500

50,132

$78,435




SUMMARY OF CAPITAL AND OPERATING COSTS

GREENHOUSE NITH CONVENTIONAL HEATING SYSTEM
1982 DoTTars -

= TebTe 3

':CAPITAL

]60 X 30 X 96 X 1 00 ' =_N.

OPERATING COST (Tst Year)

Maintenance - . _
Boiler & water treatment 15,600
' Plping _ o :1,560‘>
Unit heaters 6,640

TOTAL MAINTENANCE

Insurancel

Electr1c power @ 1789 hrs/yr & $ 025/kwh

C1rcu1ating pump

- Feed water pump

Space heat 22. 7 X 10 Btu X kuh
o Thr 3T Bt

6,715.1 X 1789 X 025

ETectric boiTer w1th overhead Water un1ts e $1 00/ft

42.3

42
= 6,668.6 i
6B kw
| *‘ 300,333

TOTAL OPERATING
(lst Year)

$460,000

13,800

2,300

© §316,433




L

’.erating costsefbr the first,yearhare_$300;333.‘

A AQUACULTURE svsrsu

| " Figure 4 1s a layout of the ponds and related piping. This is

a cascading concept, using the 75°F effluent water from the green-
house compIex as the heat source for the ponds Th1s water will
_gmaintain a 60°F pond temperature needed for trout farming It is

not hot enough fbr prawns (macrobrachium rosenbergii) which 11ke ‘

. ”80°F'water The cascading concept will avoid the high wel] pumping

’costs. Direct use of the 88°F water probably is not economical due
’to high pumping cost. A 30 hp booster pump is needed to move the:
water from the sump through the piping and distributing system in

.the ponds Water d1sposa1 to the surface is assumed to be acceptab]e,

but wou]d have to be investigated

fLAQUACULTURE cosrs

u Tab1e 4 isa summary of capital and operating costs for the four
1/2 acre_aquaculture ponds.~ Cap1ta1'cost is $160,000 and operating
“cost $7,160. bNotvincIudedfare:any costs related to stocking or
feeding'the fish It s believedithat'the pond;cou1d be operated
;iby the greenhouse staff 1f some properly trained employees were in- -

4 cluded 1n that staff
) -Thece1ectr1ca1spower»pumping cost:for7the cascadeddgreenhouse is
-$1189 per year. If the Anderson well‘#l‘water was used directly,

| _w1thout the greenhouse, the electrical cost to- pump ‘the well would

"_ cost. $34 626 per year.. The economlcs probably would not justify this

| expenditure, even though more ponds (seven 1/2 acre ponds) could be

~ heated. :

3 -10-
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SUMMARY OF CAPITAL AND OPERATING COSTS
~ FOUR 1/2 ACRE AQUACULTURE PONDS

 Table 4

_CAPITAL e | |
~Ponds four 1/2 acre (65' X 335') .. ' $40,000
Feed/equipment building (12' X 15') SRR 4,000
- Piping & pumping sump . T 55,000
"'Booster pump (30 hp) & spare pump ﬁ 20,000
Electrical and instrument 1nsta11at10n . 8,000
Misce]laneous.equipment & supplies : - . 5,000
. Miscellaneous mechanical - - ___8,000
|  SUBTOTAL $140,000

o Engineers fee & contingency _ 20,000

TOTAL CAPITAL. . -$160,000

* OPERATING COST (Excludes fish feed)

Maintenance SRR

Piping & pumping sump .~ 314

Ponds & remainder S 4,857

' ‘TQTAL MAINTENANCE 5,171
Insurance B o o o ' 800

Electric pumping power @ 1789 hrs/yr & $ 025/kwh
Booster pump 26 6 kw- . L ;.. U
26 6 X 1789 X 025 ;,,:  o S 1,189

TOTAL OPERATING  $7,160
. COST (st Year)




Additional work would be necessary to determine fish yields and
feed costs before an economic‘evaluation‘of the aqUaculture operation

could be made.

LIFE CYCLE COST ANALYSIS - |
| Life cycle cost analysis for the conceptual geothermal greenhouse C

’heating system,at Sunnyside, washington_appears in*lable 5.

It was- assumed that the system would come on line in 1982. The
20 year forecasts assume a 7% economic 1nflation rate over the project
1ife, and additional inflation ' rates for conventional fuels as fore-

cast by the Oregon Department of Energy "F{i fth Annual Report" as

: follows ,
~ électrical Power
7.86% through 1987
9.10% through 200l
In Table 5:

Column one provides the 20 year cost of electric1ty for heating
"the greenhouse with an electrical boiler.

| Column two forecasts the maintenance costs for the conventional
system inflating at 7% per annum, |

Column three projects the 1nsurance costs fOr the conventional system
| inflating at 2% per annum._‘ ‘ ‘ |

| Column four sums the total annual costs of operating the conventional
o systen .
' Column five provides the 20 year cost of electricity for heating

the greenhouse with the geothermal system.

13-




Column six forecasts the‘maintenance costs fon'the geothermal system
infiating'at 7% per annum. | |
. Column seven projects the insurance costs fOrfthevgeothermal
system - ' ‘ |
Co]umn eight shows the 20 year cash flows after all costs of ‘the
geothermal system are subtracted from projected costs of the conventional
heating system o “ |
Column nine discounts the cash fiow from coiumn eight to arrive at
-a net present vaTue forvthese cash flows. A rate of return was sought
such'that the discounteo cash flow would exactlyvequal the additional
capital investment required for the geothermal heating system. That'
is the $1, 100 000 minus $460 000 for the conventionai beiler system
»equa]s the incrementa] investment of $640, 000 for the geotherma1 system.
As the table indicates, the rate of return on the additional investment

is over 48%. Economically, the proJect is highly feasible

STES
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LIFE CYCLE COST ANALYSIS: o DATE: FEB. 02, 1982
" FOR i :
LOW . TEMPERATURE.. GREENHOUSES o -
DEPARTMENT OF 'NATURAL RESOURCES, ELLENSBURG, WASHINGTON
Table 5 X : . o
RATE OF RETURN © 48.36154%
TOTAL CAPITAL COST 640000
} _ } NET PRESENT VALUE * 640000
R | 2 3 A 5 6 Yo7 8 9
ELECTRICITY MAINTENANCE .. INSURANCE =~ TOTAL COST ELECTRICITY MAINTENANCE  INSURANCE NET ENERGY  DISCOUNTED
CONVENTIONAL CONVENTIONAL CONVENTIONAL CONVENTIONAL  CEOTHERMAL - GEOTHERMAL  GEOTHERMAL SAVINGS = CASH FLOW
'SYSTEM - - SYSTEM “SYSTEM SYSTEM SYSTEM SYSTEM SYSTEM L. 4B.36154%
~ PRESENT COST 300333 . 13800 - 2300 R 50132, 22803 5500 YEAR -
YEAR , AL : : : » R g ' : .
1982 324059 - . 14766 ‘2346 /1171 546093 24400 5 5610 257069 173295 1
1983 . 349660 15800 2393 367852 . 58366~ - 26108 . 5722 277657 126178 2
1984 377283 16906 . 2661 396629 62977 27935 #5837 299881 91867 3
1985 407088 18089 , 2490 427667 67952 29891 - 75953 323871 66884 . 4
1986 439248 19355 - 2539 461143 73320 31983 6072 349767, 48693 5
1987 473949 - 20710 . 2590 497249 79113 34222 - 6194 377721 . 35448 )
1988 517078 22160 " 2642 541880 786312 . . 36617 © 6318 412633 26105 7
1989 564132 . 23711 2695 590538 94166 39180 P 6444 450747 19223 8
‘1990 615468 ~ - 25371 2749 643588 102735 . 41923 6573 492356 14155 9
1991 - 671476 Y27147- T 2804 701426 112084 44858 % 6704 537780 10423 10
1992 - 732580 29047 - 2860 . 764487 122284 47998 . 7 6839 587367 7674 11
1993 . 799245 . 31080 2917 833242 133412 51358 6975 641498 .~ - 5650 12
1994 871976 .. . 33256 - 2975 908208 . . 145552 . .. 54953 - 700588 4160 13
1995 951326 ', ' 35584 3035 989945 158798 58799 765091 3062 14
1996 - 1037897 138075 3095 1079067 - 173248 62915 835501 2254 i35
1997 . 1132346 40740 3157 1176243 189014 67319 1912360 , 1659 16
1998 - 1235389 * 63592 - 3221 . 1282201 206214 . 72032 996254 1222 17
1999 - 1347809 46643 . 3285 1397738 . 224979 . 77074 1087829 899 18
2000 1470460 49908 . 3351 . 1523719 245453 82469 i 1187785 662
2001 1604272 - . 53402 3518 = . 1661091 - 267789 . 88242 ¥ 1296888 L 487 20
TOTAL 15922744 . 605339 . 57002 16585085 2657861 1000274 136308 12790642 640000
SIMPLE PAYBACK N 3 YEARS
DISCOUNTED PAYBACK i 20 YEARS

~16-
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