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ABSTRACT 

This study estimates the potential of geothermal energy t h a t  can be used 

f o r  d i rec t  heat appliclations and e lec t r ica l  power generation within the 

Bonnevi l l e  Power Administration (BPA) marketing area. The BPA marketing 

area includes three principal s t a t e s  of Oregon, Washington, and Idaho and 

portions of Cal i forni a , Montana, Wyomi ng , Nevada, and Utah bordering on these 

three s t a t e s .  T h i s  area covers approximately 384,000 square miles and has 

an estimated population of 6,760,000. The to ta l  e lec t r ica l  geothermal po- 

t en t i a l  within t h i s  marketing area i s  4,077 MWe from hydrothermal resources 

and 16,000 MWe from igneous systems, whereas the to ta l  thermal (wellhead) 

potential i s  16.15 x 10'" Btu/yr. 

of this energy may be used due t o  economic, ins t i tu t iona l  , and environmental 

constraints.  Much of this  region i s  sparsely populated, and therefore geo- 

I t  should be realized tha t  only a f ract ion 

graphically matching a resource w i t h  a user may be d i f f i c u l t .  Moreover, 

the region's general l y  h i  gh envi ronmental values and predominant federal 

management authority m,a,y a lso s ignif icant ly  impede resource development. 

Approximately 200 geothermal resource si tes were i n i t i a l l y  ident i f ied 

1 and 

w i t h -  

i n  the BPA marketing area. T h i s  number was t h e n  reduced t o  about 100 s i t e s  

thought t o  be the most promising f o r  development by the year 2000. 

direct-use s i tes  were those w i t h  a s ign i f icant  load w i t h i n  a 25-mile radius 

o f  the geothermal-resource. These 100 s i tes ,  due t o  load area overlap, were 

grouped into 53 composi te s i tes ;  21 -3/4 w i t h i n  BPA preference customer areas 

arid 31 -1 / 4  w i t h i n  nonpreference customer areas.  The geothermal resource po- 

ten t ia l  was then estimated f o r  high-temperature (>302"F = 150°C) , intermediate- 

temperature (194"-302"F =: 90"-15O"C), and low-temperature (<194"F = 90OC) re- 

sources. A conversion potential (beneficial heat)  f o r  the 53 composite s i t e s  

Favorable 

i i i  



n 

u 

was estimated a t  3,097 :Y 1OI2 Btu/yr (approx 

probable development anld an additional 3,050 

estimate required the development of a model 

resources. 

mately 3 quads/yr) and 3,293 MWe 

MWe possible development. This 

f o r  estimating the low-temperature 

The geothermal energy load a t  each of these 53 s i t e s  was then estimated 

for  both e lec t r ica l  energy and foss i l  fuel displacement (di rect-use load).  

The major components in the direct-use load were space heating and water heat- 

i n g  loads fo r  res ident ia l ,  commercial and public buildings, and the industrial  

process heating load. 

was estimated a t  33.5 .K 10l2 Btu/yr, of which 15.8 x 10l2 Btu/yr was potential 

The total  direct-use load (based on 1980 populations) 

e lec t r ica l  load displacement and the remainder foss i l  fuel load displacement. 

The direct-use load was distributed 80 percent t o  res ident ia l ,  3 percent t o  

commercial, 4 percent t o  public, and 13 percent t o  industrial  use. 

mately 21 percent of the to ta l  load was within the BPA preference customer 

Approxi- 

area. The estimated development schedule for  d i rec t  use and e lec t r ica l  power 

generation i s  as follows: 

Year 1980 1985 1990 1995 2000 

Direct-use load ( x  l l 0 l 2  Btu/yr) 0.4 1.8 4.5 8.8 14.4 

Electric power (MWe:I 5 5 305 1 , 1 2 5  1,675 

Five general projects are ident i f ied tha t  should be considered by BPA t o  

encourage geothermal dievelopment i n  their market area. These include: a )  re- 

gional resource planning and development; b )  we1 1 head generators; c )  resource 

exploration, confirmation, and evaluation; d )  d i s t r i c t  heating; and e )  heat 

3 

a 

pumps. Each project i s  described in generic terms and several specif ic  s i t e s  

are then recommended for  development. 

i v  



SUMMARY 

In addition t o  the Abstract, a quick review of the report can be made 

by reading the following pages: 
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CONVERSION FACTORS 

IMETRIC/ENGLISH CONVERSIONS 

1 l i i t e r / s e c  = 

1 m3 = 35.3 ft3 = 264 g a l s  
1 meter = 3.281 ft 

1 k i l og ram = 2.2  l b  
1 l i t e r  = 0.264 g a l  = 0.0353 ft3 

001 m3/sec = 15.8 gpm 
1 j o u l e  = 0.000948 Btu 

1 m2 = 10.76 ft 
l O C  = (OF-320)2~ 5/9 

NOMINAL FUEL HEATING VALUES ' 

1 cub ic  f o o t  n a t u r a l  gas = 1000 Btu 
1 pound b i tuminous coa l  = 12,500 B t u  

1 gal $2 f u e l  o i l  = 1.42 x 105 B t u  

1 b a r r e l  crude o i l  = 5.6 m i l l i o n  Btu 
1 Therm = 105 Btu 

ENERGY UNIT CONVERSION CHART (100% E f f i c i e n c y )  

B r i t i s h  Thermal Cubic Feet  K i l o w a t t  Hours Shor t  Tons 
U n i t s  N a t u r a l  Gas E l c r c t r i c i  ty  B a r r e l s  of O i l  Bi tuminous Coal Tons o f  
( B t u )  (CF) -.- ( kwh) ( b b l )  ( T I  R e f r i g e r a t i  or 

-- - 1 0.001 0.000293 --- -- - 
1000 1 0.293 . 0.0001 8 0.0004 .0833 
3413 3.41 1 0.00061 0.00014 .284 

1 M i l l i o n  1000 ( 1  MCF) 293 0.18 0.04 83.3 
3.41 M i l l i o n  3413 1000 ( 1 MWh) 0.61 0.14 284 
5.6 M i l l i o n  5600 1640 1 0.22 466 
251 Mi11 i o n  25,000 7325 4.46 1 2083 

1 Q u a d r i l l i o n  1 T r i l l i o n  233 B i l l i o n  180 M i l l i o n  40 M i l l i o n  83.3 B i l l i o n  
( 1  TCF) 

-.- 
(Qllad) ( G I  

*Defined a s  t h e  heat  o f  f u s i o n  o f  one 
ton  of  water, e q a l  t o  288,000 Btus 

., 

v i  
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I .  INTRODUCTION 

A. OBJECTIVES OF THE STU1:Z 

The purpose of this study i s  t o  estimate the potential of d i rec t  use and 

e lec t r ica l  generation of geothermal energy w i t h i n  the Bonneville Power Administra- 

t ion (BPA) marketing area. The potential fo r  nonrenewable energy conservation and 

the prospects fo r  geothermal use as an a l te rna t ive  energy resource over the next 

20 years i s  evaluated within (1) the BPA preference customer's service areas and 

( 2 )  the nonpreference customer's service areas. 

More spec i f ica l ly ,  the study investigates:  the energy potential of the geo- 

thermal resources in vari ous s i t e  specif ic  areas; the technical feasi  bi 1 i ty  of de- 

veloping and u s i n g  these resources (including legal ,  i n s t i t u t iona l ,  and environ- 

mental constraints)  ; estimates the potential for geothermal energy displacing a1 1 

forms of existing energy use; suggests incentives BPA might offer  t o  promote geo- 

thermal development; and ident i f ies  specif ic  end-use p i lo t  projects which BPA may 

undertake t o  demonstrate geothermal potentials.  

B.  REGIONAL ENERGY OVERVIEW 

Broadly estimated, t h e  t o t a l  annual energy requirements ( e l ec t r i c  plus 

nonelectric) o f  the BPA market area a re  projected as follows: 

1980 1.81 x l O I 5  B t u  = 5.30 x l o8  Mwhr = 1.81 quads 

1985 1.95 x B t u  = 5.71 x lo8 Mwhr = 1.95 quads 

1990 2.09 x lCIl5 B t u  = 6.12 x lo8 Mwhr = 2.09 quads 

1995 2.20 x 10:15 B t u  = 6.45 x lo8 Mwhr = 2.20 quads 

2000 2.31 x 1015 B t u  = 6.76 x lo8 Mwhri = 2.31 quads 

The interchangeabiliity of energy leads t o  considerable uncertainty i n  pro- 

Electrical  energy served 35 percent of the to ta l  energy needs in the j e c t  ons. 

- 1 -  



BPA market area in  1962, b u t  rose t o  50 percent i n  1975. 

i n  i t s  share as more home!:; a re  heated e l ec t r i ca l ly .  

i n  mind, the projected aririual e lec t r ica l  consumption i s  as follows: 

I t  will rise fur ther  

W i t h  a l l  of the uncertaint  

1980 9.25 x lo1'+ B t u  = 2.71 x lo8 Mwhr 

1985 9.95 x lox '+ B t u  = 3.16 x lo8 Mwhr 

1990 1.23 x 10K!5 B t u  = 3.60 x lo8 Mwhr 

1995 1.28 x B t u  = 3.67 x lo8 Mwhr 

2000 1.39 x 10'ls B t u  = 4.07 x lo8 Mwhr 

The U.S. Geological :Survey (USGS) Circular 790 (Reference 1)* l i s t s  16 

es 

hydrothermal resources and 17 igneous geothermal systems i n  the BPA service area 

whose reservoir temperatures a re  above 3 0 2 O F  (150OC) (including Ye1 lowstone Cal- 

dera area) .  The USGS estimates t h a t  the magnitude of the hydrothermal resources 

over a 30-year period (excluding Yellowstone), depending upon method of exploita- 

t i on ,  are:  

Electrical  power 

We1 1 head avai 1 able iwork 

We1 1 head thermal energy 

The most favorable or best case estimate of the available e lec t r ica l  energy, 

3.66 x lOI5  B t u  = (4077 MWe over 30 years) 

9.06 x l O l 5  B t u  

46.72 x lOI5 B t u  

w i t h  allowance f o r  progress i n  exploitation techniques and resolution o f  other 

resource constraints ,  i s  a!; follows: 

1980 1.00 x 106 Mwhr 2 0.7% o f  e lec t r ica l  needs 

1985 1.06 x 10;' Mwhr : 3.4% o f  e lec t r i ca l  needs 

1990 2.12 x 10;' Mwhr 2 5.9% of e l ec t r i ca l  needs 

1995 3.16 x 10:' IYwhr : 8.6% of e l ec t r i ca l  needs 

2000 4.25 x 10:'' IYwhr : 10.4% of e lec t r ica l  needs 

*All geothermal energy d!iilta and projections used i n  this report  a r e  taken from 
USGS Circular 790 unles8s otherwise noted. 

- 2 -  
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The potential fo r  d i rec t  use o f  geothermal energy below 302°F (15OoC), t o  

displace e lec t r ica l  use, i s  a l so  o f  interest as these lower temperature resources 

are  not economically suited fo r  e l e c t r i c  power generation. The USGS Circular 790 

l i s t s  56 geothermal resources in the BPA market area, whose reservoir temperatures 

are between 194°F (90OC) and 302OF (15OOC). 

i s  estimated as: 

The to ta l  energy of these resources 

We1 1 head thermal energy 1.36 x 1017 B t u  

Wellhead beneficial heat 3.24 x 10l6 B t u  

I f  this total  energy ( e l ec t r i c  and nonelectric) could be exploited over a 

20-year period, i t  coulcl provide a portion of our to ta l  energy i n  accord with the 

f ol 1 owing pro j e c t i  ons : 

1980 2.50 x B t u  : 0.2% of to ta l  energy needs 

1985 8.10 x 10:L4 B t u  42% of to ta l  energy needs 

1990 1.62 x B t u  78% of to ta l  energy needs 

1995 2.44 x l o L 5  B t u  : 111% of to ta l  energy needs 

2000 3.25 x 1015 B t u  140% of to ta l  energy needs 

T h u s ,  these geothermal reservoirs have the theoretical  potential of meeting 

d exceeding a l l  of t h e  BPA market area needs by the year 2000, disallowing the 

f ac t  tha t  most moderate temperature reservoirs are  not proximate t o  large popula- 

t ions or direct-use loads. 

eral  ly  understood tha t  potential geothermal energy from reservoirs below 194°F 

(90OC) i s  s ignif icant ly  greater  than the others combined. 

kept i n  mind tha t  USGS Cii-cular 790 represents estimates current t o  i t s  date of 

publication in 1978. The main body o f  geothermal resource knowledge i s  growing 

rapidly and the prospects are  good for  discovery of f a r  greater resources. 

estimates tha t  nationally the undiscovered resources a re  f ive  times the discovered 

and, i n  the Cascades are  20 times (due t o  masking by cold surface ground water). 

While no estimates a re  available from USGS, i t  i s  gen-  

Further, i t  should be 

USGS 
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The geothermal devel opment estimates presented in th i s  introduction are  

based upon an ideal or most. favorable development schedule. 

schedule, based upon typical ins t i tu t iona l  , environmental , and economic constraints , 

i s  presented in Section 111: of t h i s  report .  The ideal schedule is  presented here t o  

show the r e l a t ive  potentiall of geothermal energy i n  the Pacific Northwest. With  

increasing fossil fuel pr ices  and fluctuating supplies, improvements i n  resource 

extraction and u t i l i za t i c in  technologies, and a concerted e f f o r t  by government and 

indus t ry ,  geothermal energy i n  t h i s  region can become a s ign i f icant  a l te rna t ive  ener- 

gy resource. Thus, the conservative development schedule presented i n  Section IV 

of t h i s  report may very lilkely be exceeded and approach the ideal described above. 

A more r e a l i s t i c  

3 
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IT. GEOTHERMAL RESOURCE OVERVIEW 

A. REGIONAL SUMMARY 

The BPA market area covers a l l  of three northwestern states and portions of 

f ive  more. The approximatve area and population of t h i s  region is as  follows: 

S ta te  Area ( m i 2 )  Popul a t  i on 

97,000 2,500,000 Oregon 

Washington 68,000 3,500,000 

Idaho 84,000 820,000 

Northeastern California 10,000 25,000 

Western Montana 60,000 350 , 000 

Western Wyoming 15,000 10,000 

Northern Nevada 45,000 25,000 

Northwestern Utah 5,000 10,000 

384,000 6,760,000 

The approximate boundary of the BPA market area is shown on the map in Fig- 

ure 1 , which includes preference municipal and cooperative u t i l i t i e s ,  and non- 

preference investor-owned ut i1  i t ies.  Superimposed on this map are  the major geo- 

logic provinces o f  the reg-ion . Table 1 gives a summary of the accessible hydro- 

thermal geothermal resourcr?!j measured i n  10l8 Joule B t u  = 1 quad) fo r  the 

ident i f ied and undiscovered energy (Reference: USGS Circular 790). 

land area for each geologic province, an approximate r a t i o  o f  ident i f ied energy to  

land area was calculated andl indicated on the market area map.* As can be seen, 

the most intense energy potential per u n i t  o f  land area is the Yellowstone caldera 

Based on the 

* I t  should be realized tha t  this energy i s  not uniformly dis t r ibuted over each o f  
these provinces; however, 'the r e l a t ive  comparison i s  useful f o r  a rough overview. 
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Dots indicate locations o f  identigied hxdrothermal convection systems 
w i t h  reservoir temperatures I 1 9 4  F (90 C) , G = Geysers, V = Val les Caldera 

Figure 1 .  Geologic Provinces of the Western United States. 
(Reference USGS Circular 790) 
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TABLE 1 .  

Summary of the i d e n t i f i e d  and undiscovered a c c e s s i b l e  r e source  
base f o r  geologic  provinces  of  the Western United S t a t e s .  

( I d e n t i f i e d  components inc ludes  energy i n  National Parks . )  

Access ib le  resource  
base ( x  1Ol8 J x lOI5 B t u  

Province -.- I d e n t i f i e d  Undiscovered 

Reference: USGS Circulai!. 790 

150 
3 

57 
5 
O* 

80 

47 0 
21 
21 

1,240 

280 
120 
67 
12 

240 

87 
6 
1 

14 
11 

2 
5 

10 
11 
10 
0 
9 

2,900 

*Some have been i d e n t i f i e d  since 1978 by t h e  s t a t e  of Washington. 
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150 
15 

1,140 
5 
O* 

400 

940 
100 

1,520 
170 

1,400 
40 

170 
60 

480 

87 
60 
50 

70 
55 
10  
25 

580 
220 
100 
100 

45 

8,000 



and surrounding area where over 1,240 quads of energy have been ident i f ied.  The 

second highest potential area fo r  geothermal i s  the western and central Snake River 

Plain. The  next  level o f  potential  includes the Cascades, the Oregon Plateau, the 

Northern Basin and Range, the Eastern Snake River Plain, and the Wasatch Front.  The 

remaining areas,  even t h o u g h  low i n  energy potential ,  have many low-temperature 

resources (warm springs ami shallow, warm ground water) tha t  can sa t i s fy  many local 

energy needs. As an exa,niple, the Columbia Plateau includes an extensive low- 

temperature resource i n  the Yakima Valley tha t  can be used with heat pumps. 

A summary o f  the ident i f ied energy potential of hydrothermal convective sys- 

tems by s t a t e  i s  as follows (based upon USGS Circular 790 and various s t a t e  reports):* 

Electr ic  Thermal Thermal 
Generation Potenti a1 Potent i a1 

Potential (we1 1 head) (we1 1 head) 
MWt x 1015 Btu/yr State  MWe 

Oregon 2,031 104,371 3.12 

Washington 27 12,811 0.38 

Idaho 366 304,893 9.12 

Northeastern California 1,490 52,715 1.58 

Western Montana 0 9,356 0.28 

Western Wyoming 0** 4,037 0.12 

Northwestern Utah _- 0 1,500 _- 

Northern Nevada 163 50,417 1.50 

0.05 

4,077 540,100 16.15 

I t  s h o u l d  be realized tha t  only a f ract ion o f  this  energy may be used due 

t o  economic, i n s t i t u t iona l ,  and environmental constraints.  Much o f  this region 

i s  sparsely populated, and therefore geographically matching a resource with a user 

*The energy remaining i n  ident i f ied igneous systems is summarized on page 11 
o f  t h i s  report. 

**Yellowstone caldera area excluded due t o  National Park s t a tus .  
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may be d i f f i c u l t .  

predominant federal 1 and management a u t h o r i t y  may a1 so s i  g n i  f i cantly impede resource 

development. The project-ed actual or practical  energy development potential will be 

addressed l a t e r  i n  this report (Table 1 3 ) .  

Moreover, the region's generally high environmental values and 

In addition t o  the ident i f ied accessible resource base ( u p  t o  3 km [ 2  miles] 

deep and referenced t o  151'C [59'F]) l i s t e d  i n  Table 1 ,  a substantial  amount of 

geothermal energy remains undiscovered. These resources will be ident i f ied and 

confirmed by future  geophlysical and exploratory d r i l l i n g  work. The undiscovered 

por t ion  i s  estimated t o  be from 2 t o  20 times the ident i f ied p o r t i o n ,  depending 

upon the d a t a  available.  As an example, the undiscovered por t ion  of the Cascades 

i s  estimated t o  be 20 tiiiec; the ident i f ied due t o  masking by h i g h  precipitation 

and cold shallow ground water. A summary of the undiscovered por t ion  i s  l i s t e d  i n  

Table 1 f o r  each major geologic province. 

USGS Circular 790 provides a l i s t  of areas favorable fo r  discovery and de- 

vel opment of low temperature (1 94°F = <90°C) geothermal water. 

wells, springs, temperature, and dissolved sol ids  i s  provided; however, no cal-  

culations of the energy potential of these low-temperature resources was made by 

USGS. 

areal extent o f  the low-temperature resources based upon known wells and springs i n  

Informati on on 

The mapping which i3ccompanies Circular 790 provides an approximation of the 

the area.  The areal extent,  along w i t h  information from Circular 790 and various 

s t a t e  reports,  was used t o  make a preliminary estimate of the energy potential of 

each of these low-temperature resources. 

Fortunately, detailed information i s  available for  the Klamath Falls low-tem- 

perature resource; thus da ta  from t h i s  example can be transferred t o  other areas 

t o  give the preliminary estimate of t h e i r  potential .  The energy potential of the 

Klamath Falls resource is calculated as  follows: 

1 .  Estimated w.ellhead thermal energy: 8.18 x 101*J; 

2. Estimated areal extent: 200 miles2; and 
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3 .  The estimated wellhead therma energy per un i t  area is :  

Since this resource i s  estimated t o  have a mean reservoir temperature of 232°F 

( l l l ° C ) ,  resources below 1514°F (90OC) will have t o  have adjustments made fo r  tem- 

perature. 

0.030 Q/mi2 (0.67 t o  1.010 x 10I2 Btu/yr/mi2),** depending upon temperature and 

the estimated reservoir Ipermeabil i ty.  

T h u s ,  a resource l e s s  t h a n  194°F (90OC) will be estimated a t  0.020 t o  

In USGS Circular 790, i f  the resource is listed in both the above 194°F 

(90°C) category and below 194°F (90°C) category, the energy has already been 

included i n  the former estimate; t h u s  no calculations need be made fo r  the below 

194OF (90OC) resource. 

As a matter of i n t e re s t ,  the Klamath Falls area uses only a peak of 

1.3 x lo8 B t u / h r  (38.4 M l r l t ) ,  and a t o t a l  of 2.3 x 10I1 Btu/year (7.8 M W t ) .  This 

could increase t o  around 300 MWt peak use i f  the en t i r e  community were using geo- 

thermal for  space heating. The wellhead potential i s  8.18 x 10l8J over 30 years,  

or 2.95 x 1O1O B t u / h r  (8,1640 M W t ) .  T h u s ,  l ess  than one-half of one percent of the 

local energy potential i!; being used a t  present, and less  than four percent i s  e s t i -  

mated t o  be used in the future.  

In addition t o  the hydrothermal systems ident i f ied by USGS and included i n  

the previous tab le ,  a number of young igneous-related systems e x i s t ,  due t o  the 

conductive cooling of magma, and are  a lso l i s t e d  i n  this table .  These systems 

are  assumed t o  be*within 10 km of the surface,  and are  often referred t o  as hot 

dry rock systems, due to  the lack of f l u i d  t o  t ransfer  the heat by convection. 

present, work i s  being dome by Los Alamos Sc ien t i f ic  Laboratory i n  New Mexico t o  

A t  

*Q = quad = 1015 B t u ,  J := joule  = 9.480 x B t u .  
**USGS Circular 790 uses :30 years as the reservoir l i f e .  
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u t i l i z e  these hot  dry roc:k systems. 

mental stages,  and therefore not commercially usable, i t  does bear noting fo r  pos- 

s i b l e  future  consideration. The igneous systems w i t h i n  the BPA market area and 

Although this method is  s t i l l  i n  the experi- 

the to t a l  energy remaining in the system by s ta te  are as follows: 

x 10I8J MWe* - 
1 .  Northern California--Medicine Lake . . . . . . . . . .  724 181 

2.  Oregon--Crater Lake, Newberry, South Sister, Glass Buttes, 

Wait Peak Caldera, Frederick Butte area,  Melvin- 

Three Creeks Buttes, Cappy-Burn Butte, and Bear 

Wall ow Butte . . . . . . . . . . . . . . . . . . . . .  1,445 361 

3. Washington--Glac:ier Peak and Mount S t .  Helens** . . .  70 18 

4. Idaho--Island Park System, Blackfoot Domes, Big Southern 

Butte, and Rexbiirg Caldera . . . . . . . . . . . . . .  25,730 6,432 

5. Western Wyoming--Yellowstone Caldera System. . . . . .  36,100 9,025 

6. Northern Utah--None ident i f ied . . . . . . . . . . . .  0 

7 .  Western Montana--None ident i f ied . . . . . . . . . . .  0 

8. Northern Nevada--None i d e n t  i f i ed . . . . . . . . . . .  0 

Total fo r  BPA Market Area : 64,000 : -- 16,000 

Ot- 1 64,000 quads 

Many of these igneous systems are  located within national parks or environ- 

mentally sensi t ive areas arid, therefore,  even though  the technology of extracting 

the heat may be solved, t h e  resource may be res t r ic ted  o r  eliminated from commercial 

use. However, future  enlergy demands and public opinion may modify such ins t i tu t iona l  

and environmental constraints.  

*Based on USGS Circular 790 ( p .  34-35, Irl), i t  i s  assumed only 1 percent of 
the igneous system energy i s  hydrothemal giving an estimate-of 0.25 MWe per 
101*J B t u ) .  

**Mt .  Baker n o t  included, however, the s t a t e  of Washington estimates there i s  
potential tha t  should lie considered. 
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The s ingle  greatest  ins t i tu t iona l  constraint  t o  geothermal development i n  

BPA's market area i s  the predominant land control of the U.S.  Forest Service and 

BLM. Together these two agencies manage over 50 percent of the region's land area 

and, i n  t u r n ,  t h e i r  geothermal environmental review and leasing programs represent 

the region's primary ins t i tu t iona l  mechanism for resource development. Unfortunately, 

these federal programs have been slowed by s t a f f  and budgetary constraints ,  competi- 

t i ve  b idd ing  requirements, and most s ign i f icant ly ,  by lengthy environmental pro- 

cedures mandated by the National Environmental Policy Act of 1969. The extent and 

complexity of the federal programs are depicted i n  Charts 1 and 2,* w h i c h  respec- 

t ively describe the pre- m d  post-leasing processes. In summary, the BLM administers 

the leasing process on BLM and Forest Service lands, w i t h  each agency being responsi- 

ble for environmental assessments on the i r  respective lands, and with the Geological 

Survey being responsible for supervising post-lease production operations on a1 1 

federal lands. 

geothermal resource managenlent include: 

Some of i the  specif ic  concerns i n  recent years over improving federal 

1. 

2. 

Greater resource education and t r a in ing  for  federal f i e l d  managers; 

Increased progriixn p r i o r i t y  and management commitment t o  geothermal 

development; 

3 .  Shortened time 'I irrii ts f o r  processing lease a p p l i c a t i o n s ;  

4 .  Amendment of the leasing process t o  allow more noncompetitive awards in 

cer ta in  areas;  

5. Expediting of environmental reviews and pr ior i t iz ing  of areas with high 

geothermal potential ; 

6 .  Allowance for  local governments and nonprof i t  e n t i t i e s  t o  receive cer ta in  

preferential  treatment i n  nonelectric projects on federal lands; and 

7 .  A1  lowance for federal agencies t o  develop and u t i 1  ize geothermal resources 

contained on the i r  own l a n d  for  the i r  own purposes. 

*These are  found i n  the map pocket on back cover. 
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The environmental iinpacts associated w i t h  geothermal resources will vary dra- 

matically,  depending upon reservoir charac te r i s t ics ,  intended end-use ( e l ec t r i c  vs. 

nonelectric) , local environmental s e n s i t i v i t i e s ,  and legal procedures. The geo- 

graphic scope of this report  makes a thorough environmental assessment of each re- 

source s i t e  impossible arid , 1 i kewise, i t i s impossible to generalize about expected 

impacts over such a large iind varied region. 

sues which a re  common t o  gc2othermal development can be ident i f ied ,  including l a n d  

use, a i r  pol lut ion,  subsiidence, water pollution, induced seismicity,  blowouts, noise, 

archeological disturbance, fish and wi ld l i fe  degradation, and socio-economic changes. 

Table 2 reviews these tolpics t o  explain specif ic  environmental concerns and sub- 

sequent requirements fo r  rlesource development and use. 

most experiences w i t h  thlesle issues have resulted from geothermal e lec t r ica l  projects ,  

which have considerably more environmental impact than nonelectric direct-use pro- 

j e c t s .  Chart  3 depicts iii generalized network of cause-and-effect relationships 

A t  best ,  the major environmental is- 

I t  should be emphasized tha t  

f o r  both types of geothermal u t i 1  ization. 

Table 2 .  Environmental Concerns and 
Guide1 ines fo r  Hydrothermal Systems 

Concern Gui del i nes 

1 a Release o f  Airborne -.- E:ffluents 

Hydrothermal f l u i d s  typica 1 ly  contain 
a number o f  compounds such  as  C O 2 ,  NH3, 
HzS, C H 4 ,  Rn, Hg, and B. 
These and other chemicals such a s  
s a l t s  i n  cooling tower d r i f t  may be 
released t o  the atmosphere; impacts 
may occur on local ecosystems and 
on human health. H2S is  o f  particu- 
lar  concern because of i t s  disagree- 
able odor (above 5 ppb)  and  toxic 
e f f ec t s  (above 20 ppm). 

1.1. Identify and measure the levels  of 
eff luents  t h a t  may be discharged 
d u r i n g  exploration, development, 
and u t i l i za t ion .  

1.2.  Establish baseline and monitoring 
networks fo r  the most s ign i f icant  
effluents, .  and develop new instru- 
mentation as needed. 

1.3. Develop models necessary t o  predict 
the transport ,  d i f fusion,  and trans- 
formation of pollutants i n  complex 
te r ra in .  

1.4. Develop dose-response data f o r  e f f ec t s  
on native and agr icul tural  ecosystems 
and on human health. 
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Concern 

Table 2.  (Cont.) 

1.5. 

2 .  kelease of Waterborne Effluents 

Large volumes of spent geothermal 
f lu ids  and cooling tower blowdown will 
be generated. They may contain dis- 
solved vo la t i l e  compounds and large 
quant i t ies  of dissolved solids. The 
concern is. for  long-term disposal 
of such f lu ids  so t h a t  beneficial 
sources of water a re  protected. 
Treatment may be required tha t  
resu l t s  i n  sol id  waste generation. 

3 .  Noise 

13 Uncontrolled noise levels associated 
w i t h  exploration and d r i l l i n g ,  well 
venting and tes t ing ,  and operational 
processes can reach levels  as h i g h  
as 120 dBA a t  the s i t e  boundary and 
may have deleterious e f fec ts  on human 
populations and local fauna. 

1.6. 

2.1. 

2 . 2 .  

2.3. 

2.4. 

2.5. 

2.6. 

3.1. 

G u i  del i nes 

Assess the potential e f fec ts  o f  
ef f luent  releases w i t h i n  a regional 
context fo r  fu l l - sca le  development, 
and develop environmental des ign  
c r i t e r i a .  

Develop control technologies as  
needed t o  meet regulatory standards 
and environmental design c r i t e r i a .  

Identify and measure the levels  of 
eff luents  tha t  may be discharged 
during exploration, development, 
and u t i l i za t ion .  

Establish baseline and moni tor ing  
networks fo r  the most s ign i f icant  
eff luents ,  and develop new instru- 
mentation as needed. 

Develop dose-response data for 
e f fec ts  on aquatic ecosystems and 
human health. 

Assess the potential e f fec ts  o f  
e f f luent  releases w i t h i n  a regional 
context for  fu l l - sca le  development, 
and develop environmental design 
c r i t e r i a .  

Assess the consequences o f  accidental 
releases of eff luents .  

Develop control technologies (sur- 
face and subsurface) as needed to  
meet regulatory standards and en- 
vironmental design c r i t e r i a .  

Develop noise abatement tec hnol ogi es 
as  needed t o  meet noise ordinances 
and standards and environmental d i s -  
s i g n  c r i t e r i a .  
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Concern 

4.  Subsidence 

The removal of large quant i t ies  of 
hydrothermal f lu id  may r e su l t  i n  
subsidence. The importance of sub- 
sidence will be s i te -spec i f ic ;  a t  
locations such as  the Imperial 
Val 1 ey , where *the geothermal reser- 
voirs a r e  overlain w i t h  agr icul tural  
land, subsidence could have a sig- 
n i f ican t  impact. 

5. Induced Seismicity 

The withdrawal and/or inject ion of 
hydrothermal f luids may enhance the 
frequency or magnitude of' seismic 
events. 

6. Water Use 

Many proposed methods of u t i l i z i n g  
hydrothermal energy wi 11 require 
exogenous sources of water fo r  
cooling systems. As many hydro- 
thermal resource areas a re  i n  semi- 
a r i d  regions, conf l ic t s  may a r i s e  
concerning the most beneficial uses 
o f  water. 

7 .  _. Land Use 

Some hydrothermal developments may 
cause l a n d  use conf l ic t s .  They may 
threaten pr i s t ine  wilderness areas;  
impact upon habi ta t  of endangered, 
threatened, o r  recreationally impor- 
t a n t  species;  or  conf l ic t  w i t h  other 
beneficial uses such as agr icul ture  
or  recreation. 

Gui del i nes 

4.1. Conduct preoperational and continu- 
i n g  measurements t o  es tabl ish 
rates  of subsidence. 

4.2. Conduct subsidence research program. 

4 .3 .  Verify efficacy of subsidence con- 
t ro l  techniques a s  needed. 

5.1. Conduct preoperational and continu- 
i n g  measurements to  es tabl ish i f  
seismicity i s  induced. 

5.2. Develop and verify seismic control 
practices.  

6.1. Assess potential l imitat ions on 
hydrothermal resource devel opment 
due t o  water resource l imitations.  

7.1. Identify local land-use policies 
and controls. 

7.2. Assess s i te -spec i f ic  conditions, i n -  
cluding existing and proposed uses, 
and requirements fo r  hydrothermal 
development . 

7 . 3 .  Assist local authori t ies  w i t h  in te-  
gration of geothermal policies and 
performance standards in to  1 oca1 
plans and ordinances. 
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Concern 

8. Flora and Fauna 

Table 2. (Cont.) 

Gui del i nes 

Some hydrothermal developments 
may threaten f lora  and fauna with 
habitat  loss  o r  disruption from 
construction and f a c i l i t y  operations. 

9. Social Service and 

All hydrothermal developments will 
have an impact th rough  the demand 
for  workers and the i n f l u x  of money. 
T h i s  impact may be considered posi- 
t ive  or  negative depending upon the 
existing community s t ructure  and 
l i f e s t y l e ,  and may range from negli- 
g i b l e  t o  major depending lipon the 
s i ze  of the development and the s i z e  
and divers i ty  of the local economy. 

Community Structure 

10. System Safety and 

The safety of hydrothermal energy ' 
extraction and u t i l i za t ion  systems . 

could become a major issue i f  ear ly  
s ign i f icant  accidents occur. Problems 
r e l a t e  t o  proper handling of the 
high-pressure f luids  and secondary 
and t e r t i a r y  f l u i d s  such as iso- 
butane and propane tha t  might be 
used i n  power plants. 

Occupational Health 

8.1. Identify f lo ra  and fauna baseline 
conditions i n  development areas. 

8.2. Assess impacts on f lo ra  and fauna. 

8.3. Develop mitigation s t ra teg ies  i f  
appropriate. 

9.1. Conduct baseline surveys of demo- 
graphic , soci a1 , economic , and 
pol i t ica l  aspects of resource areas. 

9.2. Assess labor requirements and 
secondary empl oyment imp1 i c a t i  ons 
of fu l l - sca le  development. 

9 . 3 .  Predict local population shifts and 
assess housing requirements and i n -  
creased community servi ces needed t o  
support a mature development. 

9.4. Determine the relationship between 
expected revenues and expenditures 
for communities affected by 
development . 

9.5. Develop s t ra teg ies  t o  mitigate ad- 
verse impacts and achieve maximum 
enhancement of beneficial impacts. 

10.1. Perform a system safety analysis of 
proposed methods for  extracting and 

. ut i l iz ing  hydrothermal resources. 

10.2. Develop safety design and occupation- 
a l  protection c r i t e r i a  t o  ensure 
safety of a l l  aspects of f a c i l i t y  
construction and operation. 
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Chart 3 .  

Generalized Environmental Cause and Effect Relationships 
Attended t o  Geothermal Development 



A detai led discussion of each s t a t e  w i t h i n  the BPA market area follows below. 

The source of information includes USGS Circular 790 and various state geothermal 

reports.  

w i t h  USGS personnel i n  order t o  supplement published information. 

Personal contacts have been made w i t h  representatives i n  each s t a t e  and 

The resu l t s  

are  the most up-to-date summary available;  however, the geothermal f ron t i e r  i s  

constantly expanding through f i e l d  exploration and equipment development. 

thennal resource information changes almost dai ly ,  such tha t  major discoveries 

and more e f f i c i e n t  u t i l i za t ion  techniques will cer ta inly change the picture-- 

most l ike ly  f o r  the bet ter .  

B. OREGON 

Geo- 

Oregon has a land area of 97,000 square miles and a population of s l i gh t ly  

l e s s  t h a n  2.5 million persons, the majority of which are located i n  the Willamette 

Valley. Agriculture, lumber products, manufacturing, m i n i n g ,  f i s h i n g ,  and tourism 

are  the major industries.  

cent by the year 2000 t o  over 3 . 3  million persons. 

The s t a t e ' s  population i s  projected to  increase by 28 per- 

There are  f ive  major provinces i n  the s t a t e  tha t  have potential fo r  geother- 

mal development: 

4)  Northeastern, and 5) the Cascade Range. 

and w i l l  be described i n  some de ta i l  below. 

1 )  Basin and Range, 2 )  High Lava Plains, 3)  Owyhee Uplands, 

Each of these is  shown i n  Figure 2 ,  

T h e  Basin and Range area extends across southern Oregon from the Cascades 

t o  the Owyhee Upland ,  and is the northwestern portion of the Basin and Range 

province of the western United States.  The topography is characterized by north- 

south trending normal f a u l t s  creating al ternat ing basins and ridges. 

covered w i t h  a l luvial  sediments and may contain shallow a lka l i  lakes. The region 

has an outstanding potential-  f o r  geothermal energy development w i t h  both e l e c t r i c  

The basins a re  

and d i r ec t  heat use possible. The source of'geothermal energy is  along these f a u l t s  

where hot water i s  brought t o  the surface by deep circulat ion.  Two areas within 
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U K G R A  Known Geothermal Resource Area 
D P G R A  Potential Geothermal Resource Area APPROX. SCALE:  1 1 7  = 50  mi. 

Figure 2. Oregon Geot herma1 Resources. 



the region are  presently using geothermal: 

been d r i l l ed  and u p  t o  38 M W t  (peak) is being used primarily fo r  space heating; and 

Lakeview, where several wells are being used t o  heat a motel and a greenhouse com- 

plex. 

system presently under construction. 

Crump's  Hot Springs, and Alvord Desert. 

have temperatures above 302OF (1 50°C). 

Klamath Fal ls ,  where over 500 wells have 

Both c i t i e s  a re  planning d i s t r i c t  heating projects ,  w i t h  the Klamath Falls 

Three other areas have potent ia l :  Summer Lake, 

Both Crump's Hot Springs and Alvord Desert 

The region i s  environmentally dominated by semi-arid range and grassland, 

and includes h i g h  a i r  and water q u a l i t y  parameters, extensive wi ld l i fe  habi ta t ,  

widespread archaeological resources, and h i g h  scenic values. Land use is  domi- 

nated by agricul ture  and stock grazing, w i t h  BLM managing a majority of the re- 

gion 's  acreage. Urbanization i s  limited t o  the c i t i e s  of Klamath Fa l l s  and Lake- 

view, and a few small ranching towns. 

The High Lava Plains extend from the foot of the Cascade Range t o  the 

eastern border of the Harney Basin. The region i s  bounded on the north by the 

Blue Mountains and on the south by the Basin and Range province. 

i s  characterized by a smooth surface plain o f  lava flows marked i n  places by cinder 

cones and other volcanic surface features.  

s t ruc tura l  l ineament crossing t h e  central area,  appears t o  be related t o  the geo- 

thermal resources i n  the region. The main known geothermal source is  Newberry 

Crater (caldera).* USGS suggests t h a t  Newberry Volcano has s ign i f icant  geother- 

mal potential based on the probability of a shallow heat source s i tuated d i rec t ly  

under the caldera. The USGS is conducting an ongoing temperature gradient d r i l l i n g  

The landscape 

The Brothers Fault Zone, a major 

program including holes w i t h i n  the caldera and on the flanks of the volcano. 

present there is  no use o f  the geothermal resources i n  this region; however, there 

A t  

*Powel 1 Butte, near Bend has generated recent low-temperature in t e re s t ;  (Oregon 
Department o f  Geology and Mineral Industries and Francana Resources, Inc. o f  
Denver .) 
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i s  i n t e r e s t  a t  Burns and Hines t o  use a local geothermal resource, and there a re  

numerous private leases t h a t  have been taken i n  the vicini ty  of the Brothers F a u l t .  

Environmentally, the region i s  very s imilar  t o  the Basin and Range province, 

w i t h  h i g h  natural values and urbanization limited t o  the c i t i e s  of Bend and Burns. 

BLM i s  again the la rges t  landowner. 

Fac i l i ty  Si t ing Council has declared the Newberry Crater a s  unsuitable for  geo- 

thermal e l e c t r i c  production because of environmental s e n s i t i v i t i e s ;  however, as 

noted above, this type of ins t i tu t iona l  constraint  may be modified in the future  

under 1 ikely pub1 i c  pressure for energy resource development. 

I t  shou ld  be noted tha t  the Oregon Energy 

The Owyhee Upland area i s  east  of the vast Snake River s t ructural  b a s i n .  

The topography is  s imilar  

teaus a re  generally older 

I t  i s  centered around the 

der. Geothermal potentia 

t o  the Basin and Range region, except tha t  the p l a -  

and more dissected and contain more sedimentary rock's. 

towns of Vale, Ontario, and Nyssa near the Idaho bor- 

appears t o  be h i g h ,  especially a t  Vale, where a his- 

tor ica l  h o t  s p r i n g  associated w i t h  the Oregon Trail  is located, along w i t h  sev- 

eral  geothermal wells used t o  heat homes and a greenhouse complex; d i s t r i c t  heat- 

ing i s  a l so  being considered. There also appears t o  be geothermal potential a t  

Ontar io  and Nyssa; however, l e s s  is  known of the resource there ,  as i t  has not 

been t a p p e d .  

dus t ry ,  and therefore nonelectric use o f  geothermal appears to  have the highest 

Agriculture (potatoes,  sugar  beets, and onions)  are the main i n -  

near-term potential w i t h  e lec t r ica l  power generation the best long-term potent ia l .  

The region's environment is  composed primarily of  privately owned row cropland 

and BLM range land; other environmental charac te r i s t ics  are  s imilar  t o  the fore- 

going regions . 
The Northeastern portion of Oregon has.some potential for geothermal devel- 

opment. Hot springs a t  Hot Lake, Medical Spr ings ,  Lehman Spr ings ,  and Haines 

have been used fo r  years for  bathing, therapeutical purposes, and limited space 
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$eating. Most of these springs outside of the Grande Ronde Valley appear t o  be 

associated w i t h  northwest-trending f au l t s .  

the extent and potential of the resource. 

a greenhouse complex a t  Cove used t o  r a i se  t r ee  seedlings and an alcohol plant 

operating near Hot Lake. 

c i t y  of La Grande and Eastern Oregon College; however, the only resource confirmed 

i n  the La Grande area i s  a t  Hot Lake. 

forested,  w i t h  l e s se r  amounts of agr icul tural  and range land. 

qual i ty  i s  generally good and wi ld l i fe  i s  extensive. 

the c i t i e s  o f  La Grande and,Baker. 

Unfortunately, 1 i t t l e  i s  known about 

Other geothermal uses i n  the area include 

In te res t  i n  geothermal space heating has been shown by the 

The northeastern environment i s  heavily 

Water and a i r  

Urbanization i s  limited t o  

The Oregon Cascade Range i s  divided in to  two d i s t inc t ive  be l t s ,  the Western 

Cascades and  the High Cascades. 

range is composed of the youngest volcanic rocks, whereas the Western Cascades 

a re  older and more eroded. 

the older be l t  and are  suggested t o  be controlled by a north-trending f a u l t .  

major thermal springs are  Carey, Breitenbush, Bel knap, Foley, and McCredie. In 

addition t o  the h o t  springs, many of the Cascade composite volcanoes have geothermal 

potent ia l ,  the most notable being M t .  Hood. The actual Cascades are  sparsely popu- 

la ted ;  however, approximately two-thirds of the s t a t e ' s  2 .5-mil l ion p o p u l a t i o n  is 

s i tua ted  w i t h i n  the western "shadowl' of the geothermal resources, i n  the major popu- 

l a t ion  centers of Portland, Salem, and Eugene. A number of e n t i t i e s  are  act ively 

investigating the geothermal potential  of the area,  including USGS, Oregon Depart- 

ment o f  Geology and Mineral Industries,  Eugene Water and Electr ic  Board, Northwest 

Natural Gas Company, the U.S. Forest Service, and the c i ty  of Oakridge. D r i l l i n g  

has s ta r ted  a t  two projects located on M t .  Hood, where Northwest National Gas Com- 

pany hopes t o  supply hot water th rough  a 40-mileY 42-inch diameter pipeline t o  the 

Portland area,  and Wy'East Exploration i s  attempting t o  heat Timberline Lodge. The 

The l a t t e r  be l t  on the eastern flanks o f  the 

The major hot springs o f  the Cascades are  founded i n  

The 
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development of the Cascade Range geothermal resources has the greatest  potential 

t o  a s s i s t  Oregon's energy needs due t o  the re la t ive  proximity of the s t a t e ' s  l a rges t  

population centers. 

However, this potential is  severely constrained by the region's forested 

environment, which i s  principally managed by the Forest Service. 

natural values of t h i s  region, including i t s  f lora  and fauna, scenic qua l i t i es ,  

and often roadless character,  present a formidable barr ier  t o  near-term resource de- 

velopment. A notable exception i s  the Cascade community of Oakridge (popula- 

t ion 5,000) , where geothermal investigations indicate a near-term feas ib i l i t y  fo r  

d i s t r i c t  heating . 

The h i g h  

A summary of the geothermal resource potential in the s t a t e  is as follows: 

El ec t r i  cal 
Potential 

1 .  302°F (>15OoC) 2,031 (361 1 
2 .  302"-194"F (1 5O"-9O0C) 

3 .  

P 

Mwe 

R Lega 

according 

94°F (<90°C) 

Total  

--- -. 
2 031 

--- I (361) 

and ins t i tu t iona l  requirements fo r  geothermal 

t o  land and mineral e s t a t e  ownership. Federal 

th rough  BLM leases on both BLM and Forest Service lands. 

Thermal 
Potential 
(we1 1 head) 

MW t 

21,952 

14,312 

68.107 

104,371 

= 3.12 x lOI5 Btu/yr 

development in Oregon vary 

land access i s  controlled 

State-owned 1 ands are  

administered through leasing by the Division of State  Lands. Privately owned lands 

are  accessible through subsurface leasing o r  outright purchase. All nonfederal 

w 
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projects are generally subject t o  the following explorational and developmental re- 

q u i  rements: 

1 )  Conformance w i t h  c i t y  o r  county land-use plans and ordinances; 

* 

2) 

3 )  

Conformance w i t h  any app l  icabl e local bui ldi  ng permit requirements ; 

D r i l l i n g  permits from e i the r  the Deparment of Geology & Mineral Industries,  

i f  the well i s  expected t o  encounter temperatures above 250°F ( 1 2 1 O C )  or be 

d r i l l e d  t o  depths greater  t h a n  2,000 f ee t ,  or  from the Department of Water 

Resources, i f  the well i s  expected t o  encounter lesser  temperatures o r  will 

be d r i l l e d  t o  l e s se r  depths; 

Disposal permits from the Department of Environmental Qual i ty  for  d r i l l i n g  

mud, sol id  wastes, o r  geothermal f l u i d s ;  and possibly fo r  injection of 

spent geothermal f lu ids  and; 

S i t i n g  c e r t i f i c a t e  from the Energy Faci l i ty  S i t i n g  Council i f  a thermal 

power p l an t  (>25 MWe) or large pipeline (>5  m i .  long and >6 i n .  d i -  

ameter) i s  i nvol ved. 

4. 

5) 

C . WASH1 NGTON 

The s t a t e  of Washington has an estimated p o p u l a t i o n  of over 3.5 million per- 

sons and a land area of over 68,000 square miles. 

populat ion (52 percent) i s  centered along Puget Sound i n  the Everett-Seattle-Tacoma 

area.  

5 million persons by the year 2000. 1 )  the 

Olympic Mountains, 2 )  the Coast Range, 3) the Puget Sound Lowland, 4 )  the Cascade 

Range, 5) the Columbia Plateau, and 6) the Okanogan Highlands (see Figure 3 ) .  

l y  the Olympic Mountains, the Cascade Range, and the Columbia Plateau have s ig-  

n i f ican t  geothermal potent ia l ,  and are  discussed i n  detai l  below. 

The majority of the s t a t e ' s  

I 

Statewide populat ion i s  projected t o  increase 30 percent t o  s l i gh t ly  over 

The s t a t e  has s ix  main land  regions: 

On- 

The Olympic Mountains r i s e  t o  almost 8,000 f e e t  and are  one of the most rug -  

The majority o f  the area l i e s  w i t h i n  the Olympic ged parts of the United States .  
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National Park and Olympic National Forest, w i t h  the chief industry of the region 

being logg ing .  The ident i f ied geothermal resource is  located a t  Olmpic and Sol 

Duc Hot Springs w i t h i n  the northern boundary o f  the National Park; however, 

nei ther  a re  c l a s s i f i ed  as Known Geothermal Resource Areas (KGRA) by USGS. 

time both hot springs were developed resor t s  w i t h  pools and overnight accommodations, 

b u t  Olympic has now been returned t o  i t s  natural condition by the park service; 

Sol Duc s t i l l  consis ts  o f  one mineral and one freshwater pool, 62 overnight accom- 

modations, and other support f a c i l i t i e s .  

t i e s  by the park service a re  now under consideration including u s i n g  geothermal 

f o r  space heating. Reservoir temperatures have been estimated a t  194" t o  302°F 

(90" t o  150°C) based on geochemistry.* The heat is due t o  deep circulat ion a ong 

steeply d i p p i n g  f au l t s .  The Olympic environment, as indicated by the Nationa Park 

jur i sd ic t ion ,  i s  a pr i s t ine  forested area w i t h  very h i g h  natural values which may 

l ike ly  impede any major resource development. 

A t  one 

Plans t o  upgrade and modernize the f a c i l i -  

The Cascade Range separates the s t a t e  in to  an ea s t  and west section and 

i s  par t  of the mountain chain tha t  runs from California t o  British Columbia. 

The range is  noted f o r  many impressive andesi t ic  strato-volcanic mountains i n -  

cluding M t .  Rainier, M t .  Adams, Glacier Peak, M t .  S t .  Helens, and M t .  Baker. 

These peaks vary from s l i g h t l y  u n d e r  10,000 feet t o  s l i g h t l y  over 14,000 feet  

i n  elevation. Several have had major eruptions or  exh ib i t ed  hot spots i n  the 

past  100 years,  including the recent S t .  Helens eruptions. 

geothermal resources over 194°F (90°C) i n  Washington are located i n  this range: 

Gama Hot S p r i n g s ,  329OF (165"i), Baker Hot Spr ings ,  273°F (134"C), and Ohana- 

pecosh Hot Springs, 261°F (127°C). 

The three known 

The l a t t e r  i s  located i n  M t .  Rainier National 

Park and t h u s  has been withdrawn from exploration o r  commercial development. In 

addition t o  the strato-volcanoes, a number of basal  t i c  volcanic centers appear 

*State o f  Washington data.  
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t o  be geothermally important .  These a r e  the Indian Heaven fissure zone a r e a ,  the 

King Mountain fissure zone a r e a ,  and the Simcoe Mountain a r e a ,  a l l  l oca t ed  i n  the 

southern  p a r t  of the Washington Cascades (Reference: Washington #1) .  I n d i c a t i o n s  

t h a t  ho t  rocks and perhaps magma s t i l l  exist a t  depth a r e  shown by severa l  ther- 

mal and mineral  springs a s s o c i a t e d  w i t h  the s t ra to-volcanoes .  

commercial developments have been made of the geothermal resources  i n  the Cas- 

cades ,  d e s p i t e  this reg ion  having the g r e a t e s t  energy p o t e n t i a l  i n  the s t a t e .  

B u t  a s  w i t h  Oregon's Cascade reg ion ,  the heavy f o r e s t a t i o n ,  w i t h  i t s  i n -  

No s i g n i f i c a n t  

herent environmental sensitivities, may s i g n i f i c a n t l y  impede near-term resource  

development. The combination of  rugged topography, abundant f l o r a  and fauna eco- 

systems,  h i g h  a i r  and water  q u a l i t i e s ,  and p r o t e c t i v e  r e c r e a t i o n a l  interests, may 

r e q u i r e  cons ide rab le  predevelopment a n a l y s i s  and ex tens ive  m i t i g a t i v e  measures dur-  

ing u t i l i z a t i o n .  

small logging communi ties. 

gion w h i c h  i s  a c t i v e l y  cons ider ing  geothermal is  the new c i t y  of  Bonnevi l le  on the 

Columbia River, where d i s t r i c t  hea t ing  is a p o s s i b i l i t y ;  p r i v a t e  developments a t  

Bonnevi l le  Hot Spr ings  a r e  a l s o  a c t i v e .  

Urbanizat ion,  a s  i n  the Oregon Cascades, i s  limited t o  seve ra l  

P resen t ly  the only comuni t y  a s s o c i a t e d  w i t h  th is  re- 

The Columbia P la teau  covers  most of c e n t r a l  and sou theas t e rn  Washington. 

Th is  g r e a t  bas in  l ies  from 500 t o  2,000 f ee t  above sea level and makes up p a r t  

of the l a r g e s t  l ava  p l a t eau  i n  the world. 

canyons) and eroded lava  p l a t eaus  t o  form scablands  north and e a s t  of the Co- 

lumbia River. 

based on dry farming and some i r r i g a t i o n .  Fruit, g r a i n ,  po ta toes ,  and sugar  beets 

a r e  the major c rops .  The balance of the region is l a r g e l y  range o r  g ra s s l and  s u p -  

po r t ing  ranches and seve ra l  small communi t ies.  Urbanizat ion includes Yakima, Ellens- 

burg ,  Moses Lake, Ephrata ,  Prosser, and Walla Walla. 

a r e  under the j u r i s d i c t i o n  of the Yakima Indian Reservat ion and the U.S. M i l i t a r y  

Glacial-melt  waters  c u t  coulees  (dry 

The g r e a t e s t  p a r t  of the a r e a  is  devoted t o  product ive  a g r i c u l t u r e  

Large po r t ions  of the reg ion  
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1 .  302°F (>15OoC) 27 

2 .  194"-302"F (90"-150°C) --- 

3 .  c194OF (<90°C) --- 
Total  27 

- 

- 
* Does no t  i nc lude  

The l ega l  and 

Washington a r e  sim 

(18)  332 

--- 285 

--- 12,194 

(18) 12,811 

- 

National Parks.  

i,nsti t u t i o n a l  f a c t o r s  a f f e c t i n g  geothermal development i n  

l a r  t o  those  descr ibed  f o r  Oregon, i n c l u d i n g  a s t a t e  regu a t o r y  

d i s t i n c t i o n  betwe,en high and low temperatures .  The Department of Natural  Resources 
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exercises permitting authority over wells producing f l u i d s  capable of generating 

e l e c t r i c i t y ,  and the Department of Ecology i s  responsible for a l l  other lower tem- 

peratures which a re  treated as ground water wells. 

leasing procedures f o r  state-owned lands, b u t  d r a f t  regulations a re  presently under 

consideration. 

policy plan which will  be submitted t o  the Legislature i n  August,  1980. A s ta te -  

wide geothermal symposium was held in June, 1980, and another conference specif i -  

ca l ly  f o r  local o f f i c i a l s  will be conducted i n  September, 1980. 

D. IDAHO 

Washington has not ye t  adopted 

In addition, s t a t e  agencies a re  presently preparing a geothermal 

Idaho has an approximate area of 84,000 square miles and a population of 

820,000 persons, the majority of which a re  located i n  the Snake River Plain in 

the southern part  of the s t a t e .  

37 percent by the year 2000, t o  over 1.2 million people. 

divided in to  three main geologic provinces: 

Rocky Mountains, and 3 )  the Basin and Range region. These areas are delineated 

i n  Figure 4,  and discussed i n  detai l  below. 

The s t a t e ' s  population i s  projected t o  increase 

The s t a t e  can be sub- 

1 )  The Snake River P1ain;Z) the 

The Snake River Plain fol lows the sweep of the Snake River across southern 

This Plain was b u i l t  u p  from many lava flows tha t  erupted from f issures  Idaho. 

i n  the ea r th ' s  surface and covers a 20- t o  40-mile strip on each s ide of the 

Snake River. 

young extrusive volcanics, par t icular ly  i n  the northeastern part .  

ters a re  found along the margins of the plain,  b u t  individual reservoir s i ze  and 

the resource extent under the volcanics a re  not known. 

T h e  Snake River Plain is  a large volcanic-tectonic down-warp w i t h  

Thermal wa- 

Some deep d r i l l i n g  has 

been done i n  the plains t o  over 10,000 feet w i t h  limited success (Ore-Ida well 

a t  Ontario, Oregon, and INEL well near Idaho Fa l l s ) .  

to  be available f l u i d  for heat t ransfer  and the d e p t h  of the basement rock. The 

area i s  dry ,  especially the southwestern portion; and, therefore, much of the 

The main l imitation appears 
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a g r i c u l t u r e  depends upon i r r i g a t i o n ,  w i t h  farming and livestock r a i s i n g  being 

the main industries. 

Idaho a r e  loca t ed  i n  this province (Crane Creek-Cove Creek a rea  and Bruneau-Grand 

View a r e a ) .  

a r e a  has  the l a r g e s t  energy p o t e n t i a l  i n  the United S t a t e s  (4.07 x 10l1  B t u / h r  

o r  1 .19 x lo5  MWt). The Crane Creek-Cove Creek a rea  has temperatures  s u i t a b l e  

f o r  electrical  gene ra t ion ;  however, due t o  Federal F i s h  & Wildlife Se rv ice ,  en- 

vironmental  c o n s t r a i n t s ,  e ros ion ,  and steam s i l t a t i o n ,  this may be limited t o  

100 MW,. 

Boise,  hea t ing  of  greenhouses and a swimming pool a t  Weiser Hot Spr ings ,  and a 

c a t f i s h  farm a t  B u h l .  Geothermal water  a t  170'F (77°C) has been used i n  Boise 

f o r  space hea t ing  since 1892. 

Springs Avenue, the S t a t e  o f  Idaho Health & Agriculture Labora tor ies  have been 

successfully converted from na tu ra l  gas t o  geothermal water  w i t h  r e s u l t i n g  sav- 

i n g s  of about  60 percent over  n a t u r a l  gas  and no t echn ica l  problems. 

o t h e r  developments a r e  being considered f o r  the Boise a r e a  i n c l u d i n g  f e d e r a l ,  

Two of  the l a r g e s t  (energy p o t e n t i a l )  geothermal a r e a s  i n  

Outs ide  o f  the Yellowstone ca lde ra  i n  Wyoming, the Bruneau-Grand View 

Major uses of  geothermal energy i n  the a r e a  inc lude  space hea t ing  a t  . 

In a d d i t i o n  t o  the homes be ing  heated along Warm 

Numerous 

s t a t e ,  and l o c a l l y  funded d i s t r ic t  hea t ing  p r o j e c t s  f o r  the Capi tol  Mall and 

the c e n t r a l  bus iness  d i s t r i c t .  Approximately 300 x lo9 Btu/year (10 MWt) o f  

d i r e c t  geothermal energy could be u t i l i z e d  by p u b l i c  b u i l d i n g s  i n  the Boise 

Barracks and Capi tol  Mall a r e a s  by 1985. 

being cons idered  a r e  space hea t ing  of  a c o l l e g e  and subdiv is ion  i n  T w i n  F a l l s ;  

the expansion of  a 65-home hea t ing  d i s t r i c t  i n  Ketchum; and an i n d u s t r i a l  park 

Other a r e a  developments p re sen t ly  

a t  Magic. 

In comparison t o  most o t h e r  P a c i f i c  Northwest geothermal r eg ions ,  Idaho ' s  

Snake River P la in  has a r e l a t i v e l y  more urbanized environment, w i t h  over  ten 

c i  t i  es col  ocated w i t h  geothermal resources .  

i s  s p a r s e l y  se t t led ,  and s t i l l  r e t a i n s  h i g h  levels o f  na tu ra l  environmental  va lues .  

Nonetheless , the region a s  a who1 e 
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T h i s  combination of population centers and a t t r ac t ive  environment i s  cer ta in  t o  

sustain the a rea ' s  presently h i g h  growth r a t e  and, therefore,  may l ike ly  r e su l t  

i n  major near-term geothermal ut i1  ization. 

The Rocky Mountain province has some of the most rugged areas i n  the 

United S ta tes ,  and some o f  the most pronounced and i n h i b i t i n g  environmental 

constraints .  The rock units consis t  of intrusive granites forming a large 

bathol i th .  High heat flow along with deep circulat ion of f lu ids  along f au l t s  

i n  the gran i t ic  rock account fo r  most of the ho t  springs i n  the area.  

Creek Hot Springs i s  the highest temperature resource (324OF = 162OC) ; however, 

i t  is isolated i n  the Salmon River area along the Idaho-Montana border. 

major resource o f  i n t e re s t  i n  the Rocky Mountain province i s  the Island Park area 

adjacent t o  Yellowstone Park.  

energy potential  and i s  being investigated in detai l  by USGS, b u t  there is  en- 

vironmental concern over i t s  use, especially as t o  i t s  e f f ec t  on the natural phe- 

norne,na of Ye1 lowstone Park geysers. 

wells)  a re  located i n  the southern portion of the Idaho Wilderness area and along 

Big 

The other 

T h i s  resource has over 5 quads* o f  wellhead thermal 

Numerous smaller resources ( h o t  springs and 

the Wyoming border. There appears to  be very l i t t l e  resource i n  the northern pan- 

handle region of the s t a t e .  Outside of some bathing, l i t t l e  use i s  made o f  the 

resource i n  t h i s  province a t  present. There is very l i t t l e  urbanization, and 

natural environmental values a re  consistently h i g h .  

The Basin and Range region l i e s  between the Snake River Plain and the Rocky 

Mountains, a s  a northern extension o f  the major geologic region of Utah and Nevada. 

Environmental charac te r i s t ics  a re  similar t o  those described for  Oregon's Basin 

and Range province. Deep valleys and grassy plateaus l i e  among the region's 

mountains.  Urbanization is  limited t o  several small comnunities i n  the south- 

eastern portion of the s t a t e .  Natural environmental values remain h i g h  among 

"Estimated from USGS Circular 790 data on the thermal energy remaining on the 
igneous system. 
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local agricultural  and ranching land uses, w i t h  several re la t ive ly  small national 

fares-s located a t  upper elevations. 

b u t  major research and development has taken place a t  the U.S. Department of Ener- 

gy (DOE)  test  f a c i l i t y  a t  Raft River. Here, several wells have been dr i l led  up t o  

j,500 f e e t ,  encountering up t o  300°F (140°C) fluid.  

f l u id  occur between 3,600 and 5,900 fee t .  

here include crop-growing and aquaculture projects,  an alcohol p l a n t ,  and a 5 We 

The geothermal resources are somewhat limited, 

Production zones of geothermal 

Test f a c i l i t i e s  which have been b u i l t  

1. 7302OF (150°C) 366 

2 .  302"-194"F (150"-90°C) --- 
3. <194"F (90°C) - --- 

Total 366 

dual-boil ing, binary-cycle power plant (under construction). 

$he direction of the Idaho National Engineering Lab ( I N E L )  and EG&G Idaho Inc. 

Another area of i n t e re s t  i s  Lava Hot S p r i n g s  south of Pocatello where low-tempera- 

ture (140°F = 60°C) water and shallow wells (20 t o  100 f e e t )  are used t o  heat a 

health spa, swimming pool, and numerous buildings. 

The work i s  under 

The c i ty  of Malad plans t o  

(6,432 ) 

--- 
e--  - 

(6,432 1 

deepen their 6lO-foot deep h i g h  school well i n  the hopes of increasing the present 

72°F (22°C) water temperature. 

A summary of the geothema resources in the s t a t e  i s  as  follows: 

Thermal 
Potential 
(we1 1 head) 

MWt 

4,307 

135,586 

165,000 

304,893 

= 9.12 x lOI5 Btu/yr 

The legal treatment'of geothermal resources i n  Idaho is premised on t h e i r  

potential for  affecting water and, therefore,  primary regulatory authority l i e s  
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w i t h  the Department of Water Resources. 

between h i g h -  and low-temperature resources is made w i t h  h i g h  tempera ures (energy 

o r  mineral sources) requiring a geothermal resource permi t, and 1 ow temperatures 

(specified by cer ta in  d i r ec t  uses) requiring only a water r i g h t  permit; however, 

i t  i s  often recommended tha t  a s ingle  project obtain both types o f  permits in order 

t o  protect the pro jec t ' s  appropriative water rights. 

E. WESTERN MONTANA 

As i n  Oregon and Washington, a d i s t inc t ion  

Montana has two major land regions: the Great Plains i n  the eastern p a r t  

of the s t a t e  and the Rocky Mountains i n  the western par t .  The majority o f  the 

geothermal resources is  located i n  the eastern portion o f  the s t a t e  (see F ig -  

ure 5 ) .  

mineral production in  the southwest. 

associated w i t h  the Boulder Batholith extending south o f  Helena. 

p a r t  o f  the s t a t e  has a current population o f  s l igh t ly  over 250,000 people, w i t h  

major population centers of Missoula, Butte, Helena, and Bozeman. The statewide 

population i s  projected t o  increase 18 percent by the year 2000 w i t h  the western 

portion of the s t a t e  increasing t o  s l i gh t ly  over 300,000 persons. 

Lumber production is  the prime economic force i n  the northwest and 

The majority of the mineral deposits is  

The western 

All of these urban areas,  except Missoula, are located near confirmed geo- 

thermal resources, g i v i n g  them potential f o r  near-term u t i l i za t ion .  The major i ty  

of the region's land area i s  rugged and heavily forested.  Air and water q u a l i t y  

i s  generally good, scenic qua l i t i e s  a re  h i g h ,  wi ld l i fe  is  abundant, and recreational 

use i s  substant ia l .  The Forest Service is  the dominant federal land management 

agency i n  the region. 

The geology of the region can be d i v i d e d  . into two major rock types: crystal-  

l i n e  rock of igneous and metamorphic i n  the southwest and metamorphic rock of 

a r g i  11 i t e  and quartzi tes  with interbedded 1 imestone i n  the northwest. A1 1 o f  

these rock units were highly deformed i n  several major tectonic events. 

- 34 - 



- 35 - 



The geothermal resources are  concentrated i n  the southwest, with surface 

,,ianifestations consisting primarily o f  isolated,  low-volume hot springs. So 

l i t t l e  i s  known about detailed subsurface geology i n  the complicated western 

region tha t  estimates of reservoir capacity a re  questionable. A formation 

could be limited t o  s l i gh t ly  fractured grani t ic  rocks which allow transport  

of minor amounts of water t o  deep levels ,  o r  a major f a u l t  system w i t h  massive 

fracturing and recent intrusives which could supply s igni f icant  quant i t ies  of 

not water. 

major resource. Geothermometry for  the major s p r i n g  areas i n  Yellowstone cal-  

dera indicates t h a t  subsurface temperatures as h i g h  as 400°F (204OC) are  pos- 

s ib le .  The  highest surface sp r ing  temperature outside of Yellowstone Park i s  

s l i gh t ly  over 180°F (82°C). 

f a l l i ng  in to  the following ranges: 

In addition, valley sediments would tend t o  mask any possible 

There a re  over 100 known thermal springs i n  Montana, 

>l5O0F (66°C) 7 springs 
130"-149"F (54"-65"C) 6 springs 
110"-129"F (43O-54OC) 13 springs 
90"-109°F (3Z0-43"C) 7 springs 

<90°F (32OC) remaining spri ngs 

Approximately 13 s i t e s  i n  Montana appear to  have potential f o r  geothermal 

development, mainly f o r  d i r ec t  application use as shown i n  Figure 6 (Reference: 

Montana # l  ) . 
Bozeman Hot Spr ings  Broadwater Hot Spri  ngs (He1 ena) , Corwi n Springs , Deer Lodge 

These include Barkel 1 s (Si 1 ver S tar )  Hot Springs , Boul der Hot S p r i n g s  , 

Warm S p r i n g s ,  E n n i s  Hot Springs (Thexton) , Hunter's Hot Springs,  Marysville KGRA, 

New Biltmore Hot Spr ings ,  Warm S p r i n g s ,  West Yellowstone KGRA, and White Sulfer 

S p r i n g s .  A number of these s i t e s  have been used fo r  heating swimming pools and 

adjacent buildings w i t h  some s t i l l  i n  operation. A s t a t e  mental hospital a t  Deer 

Lodge used Warm Springs f o r  space heating fo r  almost 100 years, b u t  the system was 

abandoned i n  1950. Much in t e re s t  was focused on the Marysville KGRA in the early 
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1 9 7 0 ' ~ ~  when a 6,600-foot-deep well was d r i l l e d  in to  a h i g h  heat 

(3 t o  20 HFU). The s i t e  d i d  not t u r n  out as expected, as  only 2 

f 1 ow anomaly 

7°F (103°C) maxi- 

inum was obtained, and the well was isothermal below about 3,500 f ee t .  In te res t  

has been expressed f o r  greenhouse heating and space heating a t  many s i t e s .  A t  

present, a U.S. DOE-funded project i s  renewing the heating of the S ta te  Mental 

Hospital a t  Deer Lodge; this demonstration includes d r i l l i n g  one production well t o  

[voduce 170°F (77°C) water f o r  space heating and domestic hot water, w i t h  the 

discharge water t o  be used f o r  the creation of wetlands f o r  migratory water 

fowl. 

First National Bank and other s t ructures  i n  the community. 

In te res t  has a l so  been generated a t  White Sulfer S p r i n g s  f o r  heating the 

Despite resources near Butte, Helena, and Bozeman, most of the geothermal 

resources i n  Montana a re  not located near major population centers.  

:he majority of the industry i n  the western par t  of the s t a t e  is  concerned w i t h  

mineral extract ion,  which would not require great  amounts of low-temperature geo- 

thermal energy. The uses most sui ted f o r  u s i n g  low-temperature geothermal energy 

include crop drying; feed pel le t ing;  greenhouse heating; aquaculture; space heating; 

In addition, 

3nd p u l p ,  paper, and wood-product drying. 

A summary of the geothermal resources i n  western Montana is  as follows: 

Electrical  
Po t en t i  a1 

MWe 

Hydro the rma 1 

1 .  >302"F (150°C) --- 

2 .  302"-194°F (150"-90°C) --- 
3. <194"F (90°C) --- - 

Total --- 
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T herma 1 
Potential 
(we1 1 head) 

MW t 

Igneous 

--- 2,862 

6 , 494 -- 

9 , 356 --- 
= 0.28 x 1015 



In Montana geothermal resources a re  treated as ground water for purposes of 

well p e r m i t t i n g ,  which i s  administered by the Department o f  Natural Resources & 

Conservation (DNRC). In addition, a l l  uses of geothermal waters (both h i g h  and 

low temperatures) a re  subject t o  a Faci l i ty  Sit ing Act administered by D N R C ,  

which i s  intended t o  assure tha t  any geothermal construction or  operation is  en- 

ions for cer ta in  small-scale, low-temperature uses a re  

on. 

vironmentally sound; exemp 

presently under considerat 

F .  WESTERN WYOMING 

Western Wyoming is  a sparsely populated area dependent upon ranching, t i m -  

ber, and tourism fo r  i t s  economic livelihood. The area is  par t  of the Rocky 

Mountains, w i t h  Grand Teton National Park and Yellowstone National Park located 

in i t s  northwest corner. 

residents be ing  seasonal. 

i s  the la rges t  community. 

out the region. 

The en t i r e  area has less  than 10,000 persons, w i t h  many 

Jackson, with a population of s l igh t ly  over 2,000 persons, 

Natural environmental values a re  generally h i g h  through- 

The Yellowstone caldera area in Yellowstone National Park is  estimated t o  

have a mean reservoir temperature of 513OF ( 2 6 7 O C )  and a mean reservoir thermal 

energy o f  1,240 x 10l8J (1,240 quads), which represents the la rges t  concentration 

o f  g e o t h e r m a l  e n e r g y  i n  t h e  c o u n t r y .  More t h a n  10,000 g e y s e r s ,  h o t  s p r i n g s ,  a n d  

fumaroles have been identified as surface manifestations of  this hydrothermal 

system. A t  l e a s t  one vapor-dominated system (Mud Volcano) of limited extent has 

developed over the hot-water system. 

t i o n  or  development because of national park s t a tus  (Reference: 

The area is  withdrawn from commercial explora- 

Wyoming # l ) .  

Outside of the National Park, three resources between 194" and 302°F (90" 

and 150°C) have been ident i f ied:  Huckleberry, Granite, and Auburn Hot S p r i n g s .  

Numerous other smaller hot springs also exist i n  the area. Auburn and Huckleberry 
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hot Springs both a re  estimated t o  have the s t a t e ' s  only potential fo r  e lec t r ica l  

generation;* however, Huckleberry Hot S p r i n g s  is located i n  the John D. Rockefellar 

J r .  Memorial Parkway, and thus i t  is  doubtful t h a t  any development other t h a n  rec- 

reation will be possible. 

a major f a u l t  system. 

Auburn Hot Springs (144°F = 6 2 O C  surface) is  located on 

Subsurface temperature is  estimated t o  300°F (149°C) , which 

I s  similar  t o  Raft River where a 5 MWe e lec t r ica l  generation plant is  being con- 

s t ructed.  As a r e su l t ,  several companies have acquired leases i n  the v ic in i ty  

of the hot spr ings .  

The only use o f  the geothermal water i n  the area is f o r  swimming pools and 

heating water f o r  a U.S.  F i s h  and Wildlife F i s h  hatchery (near Jackson). 

The  s t a t e ' s  geothermal resources a re  summarized a s  follows: 

1 .  

Thermal 

(we1 1 head)* 
Electrical  Potential 
Po t en t  i a1 * 

MWe Mw t 

>302"F (1 50°C) --- 

637 I --- 
2 .  302"-194"F (15O"-9O0C) --- 

--- 3 .  <194OF (90°C) - 
To tal --- 

--- 3 , 400** 

--- 4,037 

- 

= 0.12 x 1015 Btu/yr 

*Does not include national parks (Yellowstone Caldera area) .  
**Numerous small springs ex i s t ,  however their potential is questioned. 

G. NORTHWESTERN UTAH 

Northwestern Utah includes portions of the Basin and Range province (north-. 

The Great west), and i s  bordered on the eas t  by the Rock$ Mountains (northeast) .  

"Wyoming Department o f  Energy Estimate. 
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S a l t  Lake is  located i n  the center o f  the region. The area nor th  o f  the 41st l a t i -  

tude and the west par t  of the panhandle consists of 5,000 square miles and a popu- 

l a t i o n  of s l i gh t ly  under 10,000 persons. The region is a combination o f  range o r  

grassland and mountainous forests .  

throughout the region. 

Natural environmental values a re  generally h i g h  

Numerous wells and hot  springs o f  l e s s  than 194°F (90OC) temperature e x i s t  

i n  northern Utah w i t h  the most promising area be ing  i n  Cache Valley around Logan 

and along the Wasatch Front.* The Wasatch Front i s  the boundary between the 

Rocky Mountains and the Basin and Range physiographic province. The geothermal 

resources are mainly to  the west of this front ,  i n  a series of north-trend gra- 

bens. The source of the geothermal heat i s  due to  deep circulat ion along f a u l t  

zones, with f l u i d s  having from 1,000- t o  45,000-ppm dissolved sol ids .  The h i g h -  

e s t  known surface temperature encountered i n  the area is  120°F (49°C). A geo- 

thermal t e s t  well ( d r i l l e d  by Utah Power & Light and Geothermal Kenetics) i n  

Lower Bear River Valley encountered 221°F (105°C) a t  11,000 f ee t .  

and gas wells have been d r i l l e d  i n  the region; however, none have encountered 

temperatures above 221OF ( 1 0 5 O C ) .  No s igni f icant  geothermal resources appear t o  

Numerous o i l  

e x i s t  i n  the northwest corner of the s t a t e  except fo r  a possible relationship t o  

t h e  ex tens ion  o f  t h e  Bat t le  Mountain High o f  Nevada. 

The hot springs tha t  appear t o  be of i n t e re s t  i n  the area a re  Udy (Belmont), 

The present owners o f  Udy Hot Crystal  (Madsen), Utah, and L i t t l e  Mountafn-South. 

S p r i n g s  (now Belmont Spr ings  Park) are  developing a resor t  where thermal water 

i s  used t o  heat a swimming pool and,resort  clubhouse. 

In  summary, the known occurrence of thermal water i s  found a t  the margins 

of grabens and where bedrock is re la t ive ly  close t o  the surface over horsts tha t  

*See Utah Reference #1 
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separate north-south-trending grabens. To date ,  thermal waters have not been 

encountered i n  the deep portion o f  the grabens. 

No good estimate can be made of the energy potential of the area; however, 

an approximate value of 1,500 MWt (0.05 x 1015 Btu/yr) can be assumed based on the 

areal coverage of wells and springs. 

H. NORTHERN NEVADA 

Northern Nevada i s  a dry and sparsely populated region. T h e  main popula- 

t ion centers of Winnemucca, E ko, and Wells l i e  along the main east-west transpor- 

ta t ion  route of In te rs ta te  84 

ple ,  w i t h i n  an area of approx mately 45,000 square miles (north of l a t i t ude  40). 

The region l i e s  almost en t i re ly  w i t h i n  the Great Basin,  a h i g h  desert  area tha t  

covers much of the Western and Rocky Mountain s t a t e s .  

e r s  a small portion i n  the northeastern corner of the s t a t e  and the remainder of 

this area l ies i n  the Basin and Range region. 

af an upland area broken by more than 30 north-south mountain ranges. These 

mountain ranges a re  elongated fault-blocks w i t h  intervening basins. Land use 

i s  principal ly  stock grazing, w i t h  BLM being the dominant federal land management 

The region's population i s  approximately 25,000 peo- 

The Snake River Plain cov- 

T h i s  l a t t e r  region consists mainly 

agency i n  the area. 

Active hot s p r i n g  areas and potential  geothermal resource s i tes  i n  the 

Great Basin a re  i n  almost a l l  cases associated w i t h  steeply d i p p i n g  faul ts ,  of -  

ten a t  the intersect ion of two major orientations of faul t ing.  Centered w i t h i n  

the area is  the Bat t le  Mountain High;an area of twice normal regional heat flow 

(2.5 t o  3.8 H F U )  t h a t  extends across northern Nevada t o  a t  l e a s t  the southern 

boundary of the Snake River Plain (see.Figure 7 ) .  

the hot spring systems are  probably not re la ted t o  spec i f ic  young igneous intru- 

W i t h i n  this area most of 

sions,  b u t  instead t h e i r  h i g h  temperatures are  due solely t o  deep circulat ions of 

meteoric water. The majority of Nevada's hot springs is found i n  the northern 
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Hot Springs in Northwestern Nevada 

f 1 ~ j ~ t t - t '  7 .  L o c d t i o i i  iirdp, iiorthwestern Nevada, showing prominent thermal 
s p r i n g  clt'eds withiri and o h t L i d e  o f  the Battle Mountain H i g h  
hedt tlow r e q i o n .  
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hal f  of the s ta te  w i t h  Beowawe being  one of the hot tes t  (444°F = 229°C mean 

reservoir temperature) located i n  the BPA market area. 

Much interest has been shown i n  Nevada's geothermal areas,  w i t h  i n i t i a l  ex- 

The cessation of exploration ploration d r i l l i n g  taking place from 1959 t o  1965. 

d r i l l i n g  i n  the mid 1960's was due i n  large par t  t o  the problems of leasing 

federal land and the environmental requirements created by NEPA i n  1969. Today, 

w i t h  changes i n  energy supply and investment a t t i t udes  and federal agency manage- 

ment procedures, exploration i s  once again being carr ied out. The main in t e re s t  

i s  i n  e l ec t r i ca l  potential due t o  the d i f f i cu l ty  of us ing  the isolated resources 

f o r  d i r ec t  thermal applications.  Despite the a rea ' s  remoteness, several direct-  

heat projects have been devel oped, i ncl udi ng Brady ' s  Hot S p r i n g s  (vegetabl e de- 

hydration) and Reno (space heating). Space-heating projects a re  a l so  being i n -  

vestigated a t  Winnemucca and Elko. A t  present, Nevada appears to  be one of the 

more act ively explored areas i n  the western United States  w i t h  Dixie Valley, Rye 

Patch, and Beowawe being of grea tes t  in te res t .  

\ 

Considering geothermal areas roughly north of the 41st l a t i t ude  (75 miles 

south of the Idaho-Oregon border) , the s t a t e  has the following geothermal potential  : 

The rma 1 
Electrical  Potenti a1 
Potential (we1 1 head) 

'We MW t 

Hydro thermal 

1 .  302°F: (7150°C) 163 

2 e 302"-190°F ( I  5Oo-9O0C) 

3 .  194°F (<90°C) - 

--- 
--- 

Total 163 
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- -- 2,235 

--- 4,994 

-- - 43,188 

--- 50,417 

-- - 

= 1.50 x 1015 Btu/yr 
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I .  - NORTHEASTERN CALIFORNIA 

Lassen and Modoc counties of northeas tern Cal i forni a have a to ta l  population 

o f  approximately 25,000 persons. The only major urban centers are  Susanvil l e  

(7,000 persons) and Alturas (3,000 persons). The natural environment is a mixture 

of range or grassland and high-elevation forestry.  

e r a l ly  good, wi ld l i fe  i s  extensive, and archaeological resources a re  widespread. 

The major industr ies  i n  this area a re  associated w i t h  timber and ranching. 

Air and water quali ty is  gen- 

The geology o f  the area is  composed of volcanic and minor nonmarine sedi- 

ments, most of which were deposited w i t h i n  the l a s t  100 million years. 

tu ra l  features are  associated w i t h  three main geological provinces: Cascades 

The s t ruc-  

(Medicine Lake highlands); Modoc Plateau (Devil's Garden); and the Basin and 

Range (Warner Mountains and Surprise Valley). Many o f  the shallow lakes and 

plains i n  the area a re  associated w i t h  ancient Lake Lahanton, formed dur ing  the 

l a s t  i ce  age. 

All of the major geothermal springs i n  the region are  related t o  water circu- 

la t ion  along deep-scaled f au l t s .  

placement of as much as  6,000 fee t .  

are  Surprise Valley/Fort Bidwell , Kelly Hot Spr ings  (Likely F a u l t ) ,  and Wendel- 

Amadee. Three major vo lcanic  centers a re  Medicine Lake High lands ,  M t .  Shas ta  and 

Lassen Peak, the l a t t e r  o f  which i s  estimated t o  have a "dry steam" f i e l d .  

Some of these f au l t s  have had r e l a t ive  dis- 

The major faul t - re la ted geothermal resources 

An area having no surface geothermal manifestation is  Susanville, where 

shallow wells a re  used f o r  space heating on a limited scale and a small municipal 

d i s t r i c t  heating project i s  being planned. 

energy in . the region i s  a t  Wendel on the northeast s ide o f  Honey Lake near 

Susanville, where 30 greenhouses, heated by two shallow wells,  a re  being used f o r  

ra is ing tomatoes and cucumbers. A t o t a l  of 205 greenhouses a re  planned by Geo 

Products, Inc., f o r  the area,  along w i t h  a hybrid power plant ,  which will use 

The other major use o f  geothermal 
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geothermal water peaked by burn ing  wood waste t o  generate 55 MW,. 

agriculture/aquacul ture project is planned fo r  the Kelly Hot S p r i n g s  near Canby; 

this project will be a t o t a l l y  enclosed swine-raising complex, i n i t i a l l y  handling 

1,200 sows and eventually expanding t o  4,800-sow capacity.** Space heating and 

:ool i n g ,  hydroponic-sprouted grain rais ing,  methane generation and protein ex- 

t ract ion will a lso be investigated i n  this project. 

A combined 

The  majority of the springs i n  the region has a to ta l  dissolved sol ids  

of 300 t o  1,200 ppm, the majority of which i s  sodium (Na) and su l f a t e  (SO4). 

A summary of the resource potential i n  the northeastern California area i s  

as follows: 

Thermal 
E l  ectri cal Potenti a1 
Potent i a1 * (we1 1 head) 

MWe MWt 

Hydrothermal Igneous 

1 .  302°F (>15OoC) 1,490 

2. 302O-194'F (1 5Oo-90"C) --- 
3. 194°F (<90°C) -e- 

Total 1,490 

- 

(181 1 20,504 

--- 2,109 

--- 30,102 

(181 1 52,715 

- -- 

= 1.58 x 1015 Btu/yr 

*The potential o f  M t .  Shasta and Lassen Peak were no t  considered due t o  en- 
vironmental constraints,  national park s ta tus ,  and locations very near the 
boundary of the BPA market area. 

**More recently,  only an interest i n  greenhouse construction has been expressed 
by the owners. 
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111. GEOTHERMAL ECONOMICS AND FINANCING 

A. - DIRECT-USE ECONOMIC CONDITIONS AND FEASIBILITIES 

The applications of geothermal energy are  as  widely varied as the resource 

,emperature ranges and existing techno1 ogy a1 low. Geothermal appl icat ions range 

from generating e l e c t r i c i t y  w i t h  steam turbines us ing  resources as h i g h  as 600°F 

(316OC) t o  warming ponds f o r  aquaculture w i t h  resources as low as  60°F (16°C). 

Experience indicates t h a t  transmission of geothermal f lu id  th rough  pipelines is 

extremely expensive. Therefore, the demand for  d i r ec t  use of geothermal energy 

(nonelectric) needs t o  be located i n  close proximity t o  the resources. 

The cost  s t ruc ture  of geothermal energy requires a re la t ive ly  large capi ta l  

investment a t  the beginning of the project,  w i t h  small annual operating costs oc- 

curring throughout the l i f e  of the project.  

Figure 9 compares the annual costs of a conventional system w i t h  a geothermal 

Notice tha t  the to t a l  cost  of a conventional system is much lower i n  the system. 

ear ly  years of the project. As the annual operating costs of the conventional sys- 

tem escalate  more rapidly than the geothermal system, the two systems reach a point 

where annual operating costs a re  equal, and from t h a t  time forward, the geothermal 

system has lower to ta l  annual costs.  

Performing economic analysis i n v o l v i n g  a l te rna t ive  energy systems becomes 
- 

more complicated due t o  the f ac t  t h a t  different forms of energy are  escalating a t  

d i f fe ren t  ra tes  and a l l  forms of energy are  escalating more rapidly than the eco- 

nomic inf la t ion  ra te .  

jected over the l i f e  of the project.  

Therefore, in f la t ion  ra tes  fo r  these energies must be pro- 

Forecast data i s  frequently inaccurate. Forecasting conventional energy 

prices i s  even more speculative and unreliable due t o  the multitude of variables 

which a f fec ts  the price of this energy. There a re  numerous publications available 
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from s t a t e  and federal agencies, trade associations,  and even private firms which 

rwoject conventional fuel prices.  These publications can serve as an aid i n  

forecasting energy costs ,  b u t  the reader should be cautioned to  se l ec t  conser- 

vative ra tes .  

Table 3 i s  a g u i d e  t o  the cost  data tha t  should be normally considered in a 

qeothermal nonelectric f e a s i b i l i t y  study. 

ternat ives .  

ting a se r ies  of annual cash flows over the estimated l i f e  of the project.  

native two i s  the geothermal system w i t h  annual cash flows calculated over the 

l i f e  of the project.  The annual cost  of the geothermal system is subtracted from 

the annual costs o f  the conventional system, and the resulting net cash flows will 

indicate the annual sav ings  or  expenses resul t ing from the geothermal system as  

opposed t o  a conventional system. 

In e f f ec t ,  we are  eva lua t ing  two a l -  

Alternative one is the system which uses conventional fue l ,  calcula- 

Alter- 

In attempting t o  j u s t i f y  the capital  investment of the geothermal system, 

the time value of money must be considered. The concept of the time value of money 

simply s t a t e s  t ha t  savings or  revenues received a t  some future date a re  of l e s s  

value than savings  o r  revenues received today. For example, a se r ies  of annual 

savings of $10,000 per year projected over the next 20 years would have a present 

value o f  $851,000 i f  the cost  of capi ta l  were 10 percent annually. For a 20-year 

project ,  the projected annual cost  of each system would be forecast  f o r  each year 

and the net cash flow, which i s  the difference between the two systems, would be 

discounted back t o  the present worth u s i n g  either the cost  of capital  o r  the mini- 

mum a t t r a c t i v e  r a t e  of return. 

geothermal project was equal t o  o r  greater  than the additional capi ta l  investment 

required f o r  the geothermal project ,  the project is economically feasible .  

calculated present worth of the savings resul t ing from the geothermal project is  

l e s s  t h a n  the additional investment required for the geothermal system, then the 

project i s  n o t  economically feasible.  

I f  the calculated present worth i n  favor of the 

If  the 
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TABLE 3 .  

BASICS OF ECONOMIC ANALYSIS 

P 
D 
u 
9 
U 

u 
n 

IJ 
a 
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When performing economic f e a s i b i l i t y  studies f o r  geothermal applications,  the 
following data a re  required: 

I .  Capital investment of the geothermal system 
A. We1 1 s and we1 1 head equipment 

1.  Production well ( s )  and injection well ( s )  
2. Production well pumps 
3 .  We1 1 head b u i  1 d ings  
4. Power hookup and controls 

1. Primary supply pipeline 
B. P i p i n g  network 

a .  
b .  
c.  Pipeline 
d .  F i t t i n g s  
e. Insulation 
f .  Ins ta l la t ion  
g .  Special costs  such as highway crossings, ra i l road crossings, 

riverbed crossings , e tc .  
Secondary d i  s tri b u t i  on sys tern 
a .  Excavation, bedding, and backfill 
b . Concrete tunnels where appl i cab1 e 
c .  Pipeline 
d.  F i t t i n g s  
e.  Insulation 
f .  Ins ta l la t ion  

C. Heat exchanger system 
1.  Heat exchanger 
2. Circulation pumps 
3 .  Heat exchanger b u i l d i n g  
4.  Control system and power hookups 
5. Other equipment 

a .  Expansion surge tanks 
b.  Flashers 
c .  Reservoirs, e tc .  

Excavation, beddi ng , and bac k f  i 11 
Concrete tunnels where appl icabl e 

2. 

D. Space heating equipment, new or  r e t r o f i t  
1 .  P i p i n g  
2 .  Space heaters 

a. Fan coi l  uni ts  
b .  Convectors 

3. Controls and hookup 
4 .  Other special equipment required 

1.  Engineeri’ng 
2 .  Contingencies 
3. Other 

E. Overhead costs  
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TABLE 3. (Continued) 

11. Annual cos ts  o f  t he  geothermal system 
A. Operat ing cos ts  

Power requirements ( k i l o w a t t  hours p l u s  c o s t  pe r  kwhr) 
a. Pumping 
b. C i r c u l a t i o n  
c. Cont ro ls  
d . Operat ing personnel sa l  a r i  es 

2. Operators ‘ s a l a r i e s  

a. B i l l i n g  

a. Wells 
b. P ipe l i nes  
c. Heat exchangers 
d. Pumps 

1. 

3. o t h e r  

B. Maintenance cos ts  
1. Pe r iod i c  maintenance 

2. Mai ntenance personnel s a l a r i e s  
3. Shops 

C. Insurance and taxes 
D. Debt s e r v i c e  

A.  

8. 

C. 

D. 
E. 

111. Costs o f  convent ional  system 
Cap i ta l  investment ( f o r  e x i s t i n g  convent ional  systems, t h i s  c o s t  would 
be’ zero) 
Annual opera t ing  cos ts  
1. 

2. Sa la r i es  
3. Other 
Annual maintenance c o s t  
1. Pe r iod i c  maintena’nce 
2. Sa la r i es  
3 .  Shops 
Insurance and taxes 
Debt se rv i ce  

U n i t s  requ i red  i n  kwhr, ga l l ons  o f  o i l ,  tons o f  coal ,  o r  cub ic  f e e t  
o f  n a t u r a l  gas, etc. ,  and c o s t  per  u n i t  
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Table 4 presents the 20-year cash flows fo r  a proposed d i s t r i c t  heating sys- 

tem to be developed by a municipality. T h i s  c i t y  wants t o  develop a geothermal 

heating system t o  provide space heating fo r  two schools, c i t y  h a l l ,  c i t y  shops, 

f i r e  s t a t ion ,  and the post off ice .  These b u i l d i n g s  are being heated by e l ec t r i c -  

i t y ,  heating o i l ,  and propane. 

system was estimated t o  be $837,700. I t  was assumed the c i ty  would finance this 

project w i t h  8 percent tax-free municipal bonds paying i n t e r e s t  annually and ma- 

t u r i n g  i n  20 years. The actual l i f e  of the system will probably be i n  excess of 

30 years,  and the c i t y  will be able t o  reduce i t s  annual heating costs considerably 

over this time period. 

has a present value of $239,539 over and above the capital  investment, debt service,  

and operating and maintenance costs .  

The t o t a l  capital  investment fo r  the geothermal 

The project would pay fo r  i t s e l f  i n  the 20-year period and 

Table 5 presents the same data fo r  an identical  system, b u t  assumes tha t  a 

geothermal developer d r i l l ed  the wells and ins ta l led  the system se l l ing  the energy 

t o  the c i t y  a t  the same price as the c i t y  was currently paying fo r  conventional 

fue l .  The gross sa les  column i s  a composite of a l l  conventional fuels  used, in- 

f l a t ed  a t  t h e i r  projected inf la t ion  ra tes  over a 20-year period. Columns 2 and 3 

apply depletion a1 lowances and 10-year, straight-line depreciation assuming the 

developer has  numerous ongoing projects and can take advantage of these t a x  write- 

o f f s .  

cos t s .  

i s  i n  a 48 percent e f fec t ive  t a x  bracket and can write off losses against other in- 

come. 

Column 4 combines the e lec t r ica l  pumping costs and the system maintenance 

Federal income tax is  p a i d  based on the assumption tha t  the corporation 

The second portion of Table 5 presents an af ter- tax cash flow of the project 

which includes an investment t a x  c r ed i t  taken i n  the f i r s t  year of $209,425. When 

evaluated a t  7 percent, the cash flows indicate t h a t  $1,179,442 could be spent to -  

day on this project.  The discounted cash flow a t  12.22 percent indicates t ha t  the 
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TABLE 4. 

CITY DEVELOPMENT 

TOTAL 
PRESENT 

ELECTRICAL 
COST 

35*308, 
38,662 . 
42,335. 
'46,357. 
50,760. 
55,583. 

I 60,352. 
65,530. 

I 71 p152. 
77,257. 
83,886. 
91 ,083. 
98,898 . 

1 07,384 . 
11 6,597. 
126,601 . 
137,464. 
149,258. 
162,064 . 
175,969. 

P 

TOTAL 
PRESENT 

O I L  COST 

30 *955, 
33,586. 
36,441 . 
39,539. 
42,899. 
46;546. 
50,502. 
54,795. 
59,452 . 
64,506. 
69.989. 
759938. 
82*393. 
89,396. 
96,995 . 
105,239. 
114,185. 
123,890 . 
134,421. 
145,847. 

GEOTHERMAL 
PUMPING 
COSTS 

2,667* 
2,921. 
3,198. 
3,502. 
3,835. 
4,199. 
4,559. 
4,951 . 
5,375. 
5,837. 
6,337. 
6,881. 
7,472 . 
8.1 13. 

9,564. 

11,276. 
12,244. 
13,294. 

8,809. 

10 8 385. 

GEOTHERMAL 
OPERATION 81 
MAINTENANCE 

COSTS 

10,700. 
11,449. 
1 2,250 . 
1 3,108. 
14,026. 
15,007. 
16,058. 
17,182. 
1 8,385 . 
19,672. 
21,049. 
22,522. 
24 *098. 
25,785. 
27,590. 
29,522. 
31,588. 
33,799. 
36,165. 
38,697. 

BOND 
INTEREST 
AT 8% 

67,016. 
67.01 6. 
67,016. 
67,016. 
67,016. 
67,016. 
67.01 6. 
67,016. 
67,016. 
67.01 6. 
67,016. 
67,016. 
67,016. 
67,016. 
67,016. 
67,016. 
67,016. 
67,016. 
67,016. 
67,016. 

ANNUAL 
CASH 
FLOW 

-14,121. 
-9,138. 
-3,689. 
2,269. 
8,783. 

23,221. 
31.1 76. 
39,829. 
49,239. 
59,473. 
70,602. 
829705. 
95,866. 
110,177. 
125,738. 
142,659. 
161,057.* 
181,060. 

15 8906. 

-634,891. 

537,920. 

PRESENT 
VALUE 
AT 8% 

-1 3,075. 
-7,834. 
-2,928. 
1,668. 
5,978. 
10,023 . 
13,549. 
16,844. 
19,924. 
22 ;807 . 
25,507. 
28,037. 
30.41 0. 
32 ;639. 
34,732. 
36,702. 
38,556. 
40,304. 
41,954. 

-136,215. 

239,582. 

*Payback 



TABLE 5. 

GEOTHERMAL DEVELOPMENT CORPORATION 

GROSS 
SALES - 
66 -263. 
72 ;249. 
78,7771 
85,896. 
93,661 . 

' 102,129. 
a 110,855. 
Ln I 120,326. 

130,606. 
141,764. 
1 53,876. 
167,023. 
181,292. 
196,781 . 
213,594. 
231.842. 
251 ;650. 
273,151. 
296,488. 
321,819. 

DEPLETION 
ALLWANCE 

14,578. 
14,450. 
14,180. 
13,743.. 
1 4,049 . 
15,319. 
16,628. 
18,?49. 
19,591 . 
21,265. 
23,081 . 
27,194. 
29,517. 
32,039 . 
34.776. 
37,748. 
40,973. 
44,473. 
48,273 . 

256053. 

STRAIGHT-!, I N E  
DEPRECIATI OM 

10% SALVAGE 

75,393. 
75,393. 
75.393. 
75 ;393. 
75,393. 
75,393. 
75,393. 
75,393. 
75,393. 
75,393. 

GEOTHE W L  
PUMPING 81 

HAINTENANCE 
COSTS 

13,368. 
14,370. 
15,449. 
16,611 . 
17,861. 
19,207. 
20,618. 
22.1 33. 
23,761 . 
25,509. 
27,387 . 
29,404. 
31,571. 

36,400. 
39,088. 
41,975. 
45,077. 
48.41 1 . 
51 ,993. 

33,899 

TOTAL 

NET INCOME 
BEFORE 
TAXES 

-37,075. 
-31,964. 
-26,246. 
-19,851 . 
-13,642. 
-7,790. 
-1,784. 
8,751 . 

11,861 . 
1 9,598. 

1 03,408. 
112,565. 
1 22 , 527 . 
133,365. 
145,154. 
157 ,978. 
171,928. 
187,101 . 
20 3 , 604 . 
221,553. 

112,150.25 

FEDERAL 
INCOME 
TAXES 

-1 7,796. 
-1 5,343. 
-12,598. 
-9,529. 
-6,548 . 
-3,739 . 

-857. 
2,280. 
5,693. 
9,407. 

49,636. 
54,031. 
58,813. 
64,015. 
69.674. 
75,830 . 
82,525. 
89,808. 
97,730. 

1 06,345 . 

NET INCOME 
AFTER 
TAXES 

-1 9 ,279. 
-16,621. 
-1 3,648 
-1 O , 323. 
-7,094. 
-4,051 

-928. 
2,470. 
6,168. 

10,191 . 
53,772. 
58 534 e 
63,714. 
69,350. 
75,480. 
82,149. 
89,402. 
97,292. 

1 05,874. 
115,208. 



TABLE 5. (CONTINUED.) 

GEOTHERMAL DEVELOPMENT CORPORATION 

I 

m m 

ADO 

AND 
DE PLET I ON 

DEPREC I AT I ON 

89,971 . 
89,843. 
89,573. 
89,136. 
89,442. 
90,712. 

I 92,021 . 
93,442. 
94,984. 
96,658. 
23,081 . 
25,053. 
27,194. 
29,517. 
32,039. 
34,776. 
37,748. 
40,973. 
44,473 . 
48,273. 

AFTER-TAX 
CASH FLOW 

INCLUDES 25% 
INVESTMENT 
TAX CREDIT 

280,117 . 
73,211 . 
75,925. 
78,814. 
82,348. 
86,661 . 
91.093. 
95 ;912. 

101,152. 
106,848. 
76,853 . 
83,587. 
90,908. 
98,867 . 

107,519. 
116,925. 
127.1 50. 
138,265 . 
150,347 . 
163,480 . 

PRESENT 
VALUE 
AT 7% 

261,791 . 
63,954 . 
61,978. 
60,127. 
58.71 3. 
57,746. 
56,728. 
55,822 . 
54,316. 
36.51 2 . 
37,114. 
37,724. 

38,970. 
39,607. 
40,252. 
40,908 . 
41,572. 
42,246. 

55,020. 

38,342. 

PRESENT 
VALUE 

AT 12.22% 

249.61 4 . 
58,143. 
53,725. 
49,696 . 
46,270. 
43,391 . 
40,644. 
38,134. 
35,838. 
33,734. 
21,622. 
20,955. 
20,309. 
19,682 . 
19,074 . 
18,483. 
17.911. 
17i356. 
16,817. 
16,295. 

LEVELIZED 
CASH FLOW 

PROVIDED BY 
THE PROJECT 

11 1,299. 
11 1,299. 
111.299. 
111,299. 
11 1,299. 
11 1,299. 
11 1,299. 
11 1,299. 
11 1,299, 
11 1,299. 
11 1,299. 
111,299. 
11 1,299. 
111,299. 
11 1,299. 
11 1,299. 
11 1,299. 
11 1,299. 
11 1,299. 
111,299. 

TOTALS 1,179,442. 837,693. 
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corporation would earn this r a t e  a f t e r  taxes. 

agree t o  pay conventional fuel ra tes  f o r  the next 20 years. 

emphasized on this par t icular  project t h a t  r e t r o f i t  costs were no t  considered fo r  

I t  is doubtful t ha t  the c i t y  would 

I t  should also be 

the i ndi v i  dual bui 1 d i n g s  . 

Typical Di rect-Use Costs 

The cost  o f  the various components f o r  the d i r ec t  use of geothermal energy 

The will vary depending upon many factors  as  outlined i n  the previous section. 

general categories t ha t  have the greatest  influence a re  well d r i l l i n g  and comple- 

t ion cos ts ,  transmission costs ,  and d i s t r i b u t i o n  costs.  

changers, r e t r o f i t ,  e tc . )  m u s t  a l so  be considered; however, these a re  often as- 

End-use costs  (heat ex- 

sumed by the user ra ther  than the supplier.  

by the water temperature, chemical composition, and the AT used. 

A l l  of these a re ,  i n  t u r n ,  influenced 

In the Reykjavik and Akureyri d i s t r i c t  heating projects i n  Iceland, these 

costs a re  dis t r ibuted as follows: 

Production (we1 1 s and we1 1 head pumps) 

Transportation (main pipe1 ines from f i e l d s )  

Storage and d is t r ibu t ion  ( t a n k s ,  pumping 

15 t o  25 percent 

18 t o  20 percent 

s t a t ions ,  local pipelines) 58 t o  66 percent 

The comparable figures fo r  the Klamath Falls d i s t r i c t  heat ing project are:  

Production 18 percent 

Transmission 31 percent 

R 

Distribution 51 percent 

The production costs  a r e  lower than i n  Iceland due t o  shallower wells i n  

I Klamath Fal ls ,  and the transmission costs a r e  higher due t o  designing for  an ex- 

panded future load i n  Klamath Falls.  
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In the United States ,  a number of s tudies  have been completed tha t  sum- 

marize these categories of costs.  

data a re  based on 1979 dol lars  unless otherwise s ta ted) :  

Examples of these are as follows ( a l l  of the 

1.  Well Dril l ing.  

Figure 10 indicates the cost  of shallow, low-temperature water well 

d r i l l i n g  and casings costs typical of Klamath Falls.  

i s  the amount of so f t  and hard rock encountered. The range as well a s  

The  main variable 

a typical average (1/3 hard rock and 2/3 s o f t  rock) are  shown. Figure 11 

i s  an expansion of the previous graph showing greater  well depth. Well 

depths up  t o  2,000 t o  3,000 f e e t  can be d r i l l ed  w i t h  conventional water 

we1 1 dri 11 i n g  equipment; howe’ver , deeper we1 1 s normal ly  would requi re 

la rger  and more expensive o i l  f i e l d  d r i l l i n g  rigs. The lower curve is 

2. 

similar  t o  tha t  i n  Figure 10, whereas the upper two l ines  a re  based on 

the o i l  f i e l d  type of d r i l l i n g .  

Idaho and surrounding s t a t e s .  

d r i l l i n g  data i n  terms of annual costs.  

and s t a t e  (Oregon) tax c red i t s .  Figure 13 is based on work done a t  Bat- 

t e l l e  (Pacif ic  Northwest Laboratory). 

and pumping costs and are  presented i n  t e n s  o f  cost per u n i t  o f  energy used. 

Transmission Costs. 

These data a re  typical of resu l t s  in 

Figure 12 presents the shallow water well 

Allowance is  made f o r  federal 

Here production costs include well 

Figure 14 i s  based on buried insulated asbestos cement transmission 

l ines .  Steel l ines  would be s l i gh t ly  higher. I f  the transmission l i ne  

i s  t o  be placed i n  a concrete tunnel f o r  ease of access and maintenance, 

as  well as providing space f o r  the placement of other u t i l i t i e s ,  the cost  

of the tunnel must be added t o  the pipeline. Figure 15 is based on recent 

experiences in Klamath Falls us ing  e i t h e r  precast sections o r  cast-in-place 
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Figure 10. Drilling and casing capital costs. 
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ASSUMPTIONS : 
Muni c i  p a l  f i  n m c i  rig 

-30-year w e l l  l i f e  
.5 load  f a c t o r  
Downhole pu inp~ a t  500 f e e t  

0 500 1000 1500 2000 2500 3000 3500 

WELL COST , 6 

WELL FLOWRATE, gal /min 

F igure 13. Geothermal Energy Product ion Costs. 
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construction. T h e  tunnel cost  ncludes excavation, placement, and back- 

f i l l .  The roof could either be buried or constructed flush w i t h  the 

surface. 

energy. 

These are  typical of Oregon in terms of cost  per u n i t  of 

3 .  D i s t r i b u t i o n  Cost. 

Distribution costs are more d i f f i cu l t  t o  quantify as they are 

dependent upon the density of the population served i n  the case of a 

d i s t r i c t  heating project. 

p i p e  system w i t h  the water being recycled i n  a closed loop. 

single-pipe system i s  used, disposing of the f lu id  a f t e r  use would re- 

duce the cost  about 20 percent. 

small dis t r ibut ion cost  since the load i s  usually concentrated a t  one 

location or plant s i t e .  

Most d i s t r i c t  heating systems are  a two- 

If  a 

Industrial-processing use would have a 

4.  End-Use Costs. 

These costs are usually assumed by the user as  they involve de- 

s i g n i n g  or  converting a f a c i l i t y  t o  u t i l i z e  geothermal f l u i d s .  

common item used t o  adapt a f a c i l i t y  t o  geothermal are  heat exchangers, 

either plate  o r  shell-in-tube type. 

The most 

The plate  i s  currently the most 

popular due to lower cost, higher efficiency, and ease o f  maintenance 

and expansion. 

range i n  price from $2,000 t o  $2,500 per million B t u  of peak load. 

Typical costs fo r  commercial-sized plate  heat exchangers 

She l l -  

and-tube type would be approximately 25 percent higher. These heat ex- 

changers would be used t o  i so la te  corrosive geothermal water from a 

noncorrosive water used i n  a closed secondary loop. 

control valves, e tc . ,  would be additional ., 
Circulation pumps, 

The retrofit  cost  t o  modify e x i s t i n g  heating or process systems 

In the case of space heating, t o  geothermal must a lso be considered. 
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forced a i r  o r  hot water circulation systems are f a i r l y  easy and inexpen- 

sive t o  r e t r o f i t .  High-pressure steam and e lec t r ica l  resistance heating 

systems are  more d i f f i c u l t  t o  convert and may have t o  be completely re- 

placed. Since only 26 percent of the to ta l  regionwide e l e c t r i c  heat i s  

by e l e c t r i c  furnace (forced a i r ) ,  the remaining 74 percent would be the 

more d i f f i c u l t  portion t o  r e t r o f i t .  The forced a i r  o r  hot water system 

r e t r o f i t  will cost  $300 t o  $500 f o r  an average home, and $10,000 t o  $30,000 

f o r  a large public or commercial b u i l d i n g .  

will  vary from plant t o  plant and t h u s  must be analyzed i n  de ta i l  on a 

case-by-case basis. 

Industrial-process r e t r o f i t  

5. Heat Pumps. 

Heat pumps are  be ing  considered fo r  many s i t e s  where the geothermal 

water i s  of low temperature (<10O0F = 38.C). 

pumps can be used f o r  both heating and cooling and t o  boost the tempera- 

tures t o  meet a peak load. The only disadvantage w i t h  us ing  a heat pump 

i s  tha t  some e lec t r ica l  energy must be used t o  r u n  the compressor. 

r a t i o  between the energy output from the heat pump and the e lec t r ica l  

energy i n p u t  i s  referred t o  as the coeff ic ient  of performance or COP.  

For most water-to-air heat pumps, the COP i s  above 3.0. Typical costs 

for a residential  heat pump system as compared t o  other energy forms 

are ( K 1  amath Fa1 1 s )  : 

These water-to-air heat 

The 

Total 20- 

Type of Capital 20-year Operating Equivalent 
First-Year Year Annual 

Sys tern Investment Amorti za t i  on costs costs 

Oil Furnace $2,775 $304 $866 $1,965 

Electr ic  Furnace $1,950 $261 * $782 $1,696 

Heat Pump Using 
Domestic Water $3,640 $487 $261 $ 967 

Heat Pump With 
We1 1 $7 , 760 $905 $261 $1,385 
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Another comparison of heat pump costs i s  as follows: 

Natural gas (49t/therm) $4.94/MBtu 

O i  1 (92C/gal) $6.80/MBtu 

E 1 ec t r i c i ty  ( 2 .944/ kw h r ) $8.61 /MBtu 

Heat pump 

COP = 3 $2.87/MBtu 

COP = 2.5 $3.45/MBtu 

COP = 2.0 $4.31/MBtu 

Some industrial  heat pumps for  large applications 

h i g h  as 7.0. The price of residential-sized heat pumps 

will have COP as 

range from $2,000 

t o  $4,000 (approximately $50 per 1,000 B t u / h r  of peak load) and commercial- 

sized will  range from $30 t o  $40 per 1,000 B t u / h r  of peak load. 

Summary 

A number of curves for  the Klamath Falls d i s t r i c t  heating project i s  shown i n  

Chapter 5 o f  Reference 9. 

factor,  transmission l i ne  length, heat extracted ( A T )  , time, competing foss i l  fuel , 

and the cost  per million B t u .  T h i s  i s  an excellent summary of these interrelat ion-  

ships tha t  must be considered i n  any project. 

Figures 16 through 19. 

5. ELECTRIC ECONOMIC CONDITIONS AND FEASIBILITIES 

These i l l u s t r a t e  the relationship between annual load 

Four o f  these curves are shown i n  . 

As was s ta ted previously, direct-use geothermal energy i s  capital  intensive,  

requiring large sums of money t o  develop the reservoir and construct the system 

t o  deliver heat. Economic v i ab i l i t y  of the project i s  largely dependent on re- 

covering the capital  investment through annual savings of the geothermal system 

as compared t o  conventional fuels. 

for  geothermal power production si tes.  A direct-use system delivering 50 megawatts 

T h i s  problem is  multiplied many times over 
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of heat energy could be developed f o r  $3.5 million t o  $5 million capital  i n -  

vestment. A geothermal power production f a c i l i t y  t o  deliver 50 megawatts requires 

$35 million t o  $50 million capital  investment (Reference 21 and tabulation on 

bottom of th i s  page). 

W i t h  current technology, the most economical geothermal resource fo r  e l e c t r i c  

power production would be a dry steam f i e ld  w i t h  a temperature of 450°F (232°C) 

or  higher. 

produced e l e c t r i c i t y  a t  17.5 mil ls  per kilowatt hour. 

The  Geysers i n  California i s  such a reservoir.  In 1979, The  Geysers 

Pacific Gas and Electr ic  plant #15 i s  expected t o  cost  $320 per kilowatt 

w i t h  provisions fo r  H2S treatment. T h i s  i s  an increase of 250 percent over the 

average of the 1961-1974 period. 

erated averaged about 5.6 mil ls  per net kilowatt hour. 

have increased the bus bar price t o  25 t o  30 mills per kilowatt h0ur.l  

In the same period, the cost  of e l ec t r i c i ty  gen- 

1979 operating costs will 

A tabulation o f  prices of e l ec t r i c i ty  fo r  o i l ,  

thermal fol  lows : 

O i  1 -- 

Fuel mil ls  per kilowatt hour 20-23 

P l a n t  $/kw 400- 500 

Elec t r ic i ty  bus  b a r  m i l l s / k w h r  33-34 

Steam 

Fuel mil ls  per kilowatt hour 17.5 

Plant $/kw 320 

Electr ic i ty  bus bar mills/kwhr 25-30 

coal, and nuclear versus geo- 

Coal Nuclear 

9-1 1 6-7 

780- 1000 1000- 1200 

38-40 38-40 

Geothermal 

Flash @ 450°F Binary 

18- 22 26-30 

450-475 500- 1 000 

27-32 40-48 

IGreider, B.  
21bid--These figures are  based on costs in 1979 of projects under construction or  under 
design, thus are  costs f o r  potentially successful , (economically competitive) projects 
(personal communication w i t h  B.  Greider). 

"Economic Risk of Geothermal Projects , ' I  March, 1980, page 13. 
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The f i g u r e s  below (ad jus t ed  f o r  1979 c o s t s )  from C .  Heinzelman's p re sen ta t ion  

of  October 15,  1977 i l l u s t r a t e s  exp lo ra t ion  techniques and a s s o c i a t e d  c o s t s .  

ove ra l l  amount of  money (pe r  successful prospec t )  requi red  is 3 m i l l i o n  t o  4.75 

The 

rlrillion 1977 d o l l a r s .  T h i s  provides  f o r  l i m i t e d  f a i l u r e  and followup c o s t s ,  bu t  

does not  include the o t h e r  exp lo ra t ion  f a i l u r e s  and land c o s t s .  

Explorat ion Techniques and Approximate Costs * 
@b j ecti ve 

Heat Source and Plumb 

Temperature Regime 

Technique - Approximate Cost ($) 

ng Geo 1 ogy $ 20,000 

Gravi ty  20 , 000 
Microseismici ty  15,000 

R e s i s t i v i t y  25,000 
T e l l u r i c s  and magneto- 

t e l l u r i c s  50,000 
Mag net i cs 15,000 

Land a n a l y s i s  and 

Temperature g r a d i e n t  - 

Geochemistry (hydrology) 12,000 

p e r m i t t i n g  25,000 

20 holes  (500' o r  l e s s )  100,000 

confirmation tests - 3 1,800,000 - 4,000,000 

S t r a t i g r a p h i c  holes  - 4 160,000 - 240,000 
Reservoi r  C h a r a c t e r i s t i c s  Exploratory and 

Reservoir  t e s t i n g  2 50 , 000 

To e s t a b l i s h  a d i scovery  approximately $2,500,000 - $5,000,000 will be re- 

qu i r ed .  T h i s  i s  probably the m i n i m u m  expendi ture  needed t o  change a po r t ion  of the 

resource  base i n t o  an a rea  of reserve w i t h  product ion p o t e n t i a l .  

" A  summary o f  es t imated  development c o s t s  a f t e r  exp lo ra t ion  expenses f o r  

the f i e l d  supply,  power p l a n t ,  and a n c i l l a r y  equipment f o r  a 50 megawatt ho t  

water  f l a s h  u n i t  i s  as f o l l o ~ s . " ~  

Development wells - 12 $1 4,400,000 
I n j e c t i o n  wells - 6 6,000 , 000 
P i  pel i nes 2,800,000 
Miscellaneous f i e l d  expense 
( inc ludes  interest  and working 

Power P1 a n t  35,000,000 
$67,200,000 

c a p i t a l  ) 9,000,000 

3 1 b i d ,  page 7.  
41bid,  page 9. 
*See add i t iona l  da t a  on page 164 and i n  the Appendix. 
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Geothermal 

"Comparison of conventional e l e c t r i c i t y  prices w i t h  geothermal steam prices 

a re  [s ic]  a matter of public record. 

; l l  thermal systems employed in  the U n l t e d  States .  

water f lash  steam plants ,  i t  is necessary t o  use developments outside the United 

States  for  performance fac tors .  

continue t o  be impressive. 

exploratory work confirms this development can exceed 500 MW.* The improvement 

i n  heat recovery w i t h  double f lash units would reduce the cost  of e l e c t r i c i t y  and 

increase the s i ze  of reserves s ignif icant ly .  

been developed and work i s  underway on the next 75 megawatts. 

75 megawatts was developed for  $264/kw and produced e l e c t r i c i t y  fo r  approximately 

Q1.008, tax f ree .  Today, costs would be about twice t h a t  amount. 

:he well f i e l d  operation as this is  an integrated operation. I t  i s  estimated the 

second 75 megawatt plant will produce e l e c t r i c i t y  for  about 16 mi l l s ,  t a x  free.'I5 

Geothermal steam i s  the l ea s t  expensive of 

To obtain a comparison o f  ho t  

Economics of hot water f lash t o  steam projects 

Cerro Pr ie to ' s  development is  very encouraging as 

Seventy-five megawatts have now 

The f i r s t  u n i t  of 

The cost  includes 

" I t  i s  possible t o  use the development work a t  Momotombo, Nicaragua t o  

DeGolyer evaluate the costs of developing a hot water f lash f i e l d  today. 

McNaughton, the international consulting firm, and Herman Dykstra, a reservoir 

engineering consultant, have completed examination of a l l  the f i e l d  t e s t  data 

from Momotombo. Tests using bottom hole pressure devices i n  selected wells 

were combined w i t h  f i e l d  flowing t e s t s .  

turbines could produce 96 megawatts for  more t h a n  30 years u s i n g  the portion of 

the reservoir developed. Subsequent completion t e s t s  have demonstrated more t h a n  

100 megawatt capacity." 

The firm concluded t h a t  double f lash  

* I t  i s  estimated t h a t  Cerro Pr ie to ' s  power may be sold t o  the United States  for  

51bid, page 12. . as h i g h  as 50-60 mills/kwhr (personal communication w i t h  B. Greider). 
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"Turbine specif icat ions prepared provide fo r  a plant turbine w i t h  80 p s i g  

f i rs t  stage and 20 p s i g  second stage. 

f i e l d  may have two 35 megawatt u n i t s  i n  operation by mid-1980. 

zest f o r  the e l e c t r i c i t y  generating plant ins ta l led  will be $460 per kilowatt. 

A savings of $26 million i n  foreign exchange would r e su l t  from this development."6 

The power plant f o r  this 437OF (225OC) 

The estimated 

Summary 

The cost  of geothermal power production plants increases s ignif icant ly  as  

the temperature of the resource decreases. 

volumes of f lu id  t o  supply the required heat. As w i t h  conventional fue ls ,  f the 

B t u  content per u n i t  volume becomes s ignif icant ly  low, i t  i s  n o t  economical y us- 

able fo r  power production. 

e l e c t r i c i t y  produced by geothermal resources of varying temperatures. B.  Greider 

presents a "probable range of prices* f o r  e l e c t r i c i t y  generated from steam and hot 

water reservoirs" as foIIows:7 

Lower temperatures require much larger  

I t  is very d i f f i c u l t  t o  es tabl ish specif ic  costs fo r  

Steam 450°F (232OC) and above 

Hot water flash--below 400°F (204OC) 

Hot water flash--above 4OOOF (204OC) 

Binary (below 375°F = 190°C) 

24-30 mills/kwhr 

36-50 mills/kwhr 

27-32 mills/kwhr 

40-48 m i  11 s/kwhr 

The preliminary ros te r  o f  BPA geothermal e l e c t r i c  s i t e s  i s  i n  the range o f  

300" t o  400°F (149" t o  204°C) w i t h  no s i t e  above 400°F (204°C). Therefore, these 

s i t e s  would f a l l  i n  the 36-50 mills/kwhr or 40-48 mills/kwhr fo r  binary power 

product i on. 

Figures from a recent report by the U.S. Department o f  Energy (Fourth Annual 

Report, Geothermal Energy, Research, Development and Demonstration Program, by 

*These figures are based on costs in 1979 of projects under construction or  u der 

61bid, page 12. 
71bid, page 12. 

design, t h u s  are  costs for  potent ia l ly  successful, (economically competitiver Pro- 
j ec t s  (personal communication w i t h  B. Greider). 
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lnteragency Geothermal Coordinating Council, June 1980) gives the following pro- 

'ected costs fo r  geothermal electric power development a t  various northwest si tes:  

S i te  - 

Produce Costs* Uti 1 i ty Costs* Bus Bar 

$M $M/Yr $M $M/Yr Mills/kwhr 
Capital O&M Capital O&M cost** 

California 
Surprise Val 1 ey 71.1 1.6 39.0 1.4 77 

Oregon 
Alvord H.S. 
Crump's H.S. 
Hot (Borax) Lake 
Mickey H.S. 
Neal H.S. 
Newberry Caldera*** 
Trout Creek 
Vale H.S. 

79.5 
70.0 
45.3 
46.3 
71 .O 
47.2 

144.2 
46.8 

1.8 
1.6 
1.1 
0.8 
1.6 
0.9 
3.0 
1.2 

37.4 1.3 81 
38.0 1.3 75 
37.0 1.3 55 
30.9 0.9 50 
37.1 1.3 76 
27.6 0.8 49 
38.8 1.4 131 
38.6 1.4 58 

Idaho 
Big Creek H.S. 80.9 1.8 38.3 1.3 83 
Crane/Cove Creek 45.5 1.1 37.8 1.3 56 

Nevada 
Bal tazor H. S . 88.2 2.0 38.6 1.4 89 
Pinto H.S. 62.5 1.4 37.7 1.3 69 

*Based on a 50 MWe power plant i n  1978 $. 
**Costs are  levelized over an assumed l i f e  of 30 years for  the generating plant 

(1 978-2008 time frame). 
***Environmental res t ra in ts  may preclude development. 

These figures assume tha t  the i n i t i a l  plant size a t  each s i t e  would be 

50 MWe and 100 MWe for following plants with three- t o  five-year interplant 

lead time. The average bus bar cost  of the 13 sites is  73 mills/kwhr. This 

i s  considerably higher than the 36-50 F?ills/kwhr presented by B. Greider. 

ever, Greider's data are based on 1979 costs  and the DOE data a re  based on a 

How- 

levelized cost  over 30 years (1978-2008), which would be an average inf la ted 

ccst  ( a t  10 percent) around 1993. 

Recent developments in geothermal e l ec t r i c  power production include a well- 

head generator of a shear torque turbine type (American Thermal Resources, Inc.). 
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Instead o f  a s ingle  50 t o  100 MWe generator, 5 t o  6 MWe wellhead generators a re  

considered instead. As a result, where 14-15 wells a re  needed t o  produce 50 t o  

55 We, these same wells have the potential of producing 90 MWe u s i n g  the wellhead 

generator. The to t a l  development cost  i s  the same; however, the cost  per kw of i n -  

s t a l l ed  capacity i s  estimated t o  be reduced t o  about 60 percent of the conventional 

50 t o  55 MWe plant and the in s t a l l a t ion  time i s  anticipated t o  be reduced from 6 

t o  8 years t o  2 t o  2-1/2 years. T h i s  plant type has not been proven on a commercial 

basis and is  s t i l l  i n  the developmental stage. The cos t  and time savings make i t  

an extremely a t t r ac t ive  investment possibi l i ty .  Additional de t a i l s  will  be given 

*in section VI. 
A group of f ive  western u t i l i t i es ,  known as Northern Nevada Geothermal Group 

(NORNEV), i s  formulating plans t o  develop geothermal power generation i n  northern 

Nevada (Dixie Valley a rea) .  

equipment i n  the f i r s t  project a t  a cost  of $12 million. 

generator type u s i n g  a hydrocarbon f l u i d ,  developed by Howe-Baker Associates, Tyler, 

Texas. 

f l u id  from a well drops below power generation requirements. 

go in to  commercial operation by 1982, w i t h  plans f o r  a larger  generating s ta t ion  o f  

about  55 MWe a l so  under review.* 

They plan t o  in s t a l l  a 70-MWe generator and associated 

The u n i t  i s  a wellhead 

The generator could be moved t o  a new location i f  the supply of geothermal 

This generator could 

A report by the E l  e c t r i  c Power Research Ins ti t u t e  ( E P R I  , PS-1201 - S R  , Speci a1 

Report, July,  1979--Technical Assessment Guide) s t a t e s  tha t  geothermal binary power 

plants o f  50 MWe output wi l l  be available fo r  commercial order by 1986 and have the 

f i r s t  comnercial service by 1992. Recent correspondence w i t h  Vase1 W .  Roberts, Pro- 

gram Manager for  Geothermal Power Systems (September 23, 1980) s t a t e s  t h a t  these f i g -  

ures may be conservative. 

mercial des ign  and s i ze  will  come on-line by mid 1984. 

nary cycle commercial ava i l ab i l i t y  could come as ear ly  as 1985 (see Appendix f o r  copy 

of l e t t e r ) .  

He s t a t e s  tha t  a binary demonstration power plant of com- 

I t  i s  t h u s  possible t h a t  b i -  

*Regional Hydrothermal Commercialization Progress Monitoring, September, 1980, EG&G, 
Idaho Falls.  
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I V .  FEAS IBI L ITY AND DISPLACEMENT EVALUATIONS 

A .  GEOTHERMAL RESOURCE POTENTIAL EVALUATION 

Approximately 200 geothermal resource s i t e s  were i n i t i a l l y  ident i f ied within 

.:he BPA market area. These s i t e  locations were based on information from USGS 

Circular 790, individual s t a t e  geological and geothermal reports,  and from per- 

sonal contacts w i t h  knowledgeable persons i n  each state.* Data on the resource, 

local geographic character is t ics ,  s ize  and distance t o  load centers,  and insti- 

tutional ju r i sd ic t ion ,  and environmental character is t ics  were collected fo r  each 

s i t e .  

Using this information, an i n i t i a l  screening was conducted t o  reduce the 

number of s i t e s ;  this first-round elimination was based upon population, heating 

load, ava i lab i l i ty  of resource data,  and severe environmental impediments. The 

m i n i m u m  population load was set  a t  100 residents w i t h i n  a 25-mile radius of the 

geothermal resource; even t h o u g h  the resource may eventually be used by the local 

population, a load s i ze  of less  than 100 residents was n o t  considered suf f ic ien t  

for  the scope of this  study. However, potential e lec t r ica l  generation s i t e s  were 

n o t  eliminated because of a lack of adjacent population, since e l e c t r i c i t y  can be 

transmitted t o  other locations via transmission lines. These screening criteria 

reduced the number o f  si tes  t o  about 100. 

T h e  remaining 100 si tes include h i g h  (7302'F = 15OoC), intermediate 

(3OZ0-194OF = 150"-90°C), and low (<194'F = 90.C) temperature hydrothermal re- 

sources, along w i t h  igneous systems which a re  designated as K G R A ' s .  Since the 

load area fo r  s i t e s  was considered t o  be 25 miles, many of these load areas over- 

lapped; as a r e su l t ,  adjacent resources tha t  had the potential of serving the 

same general population were grouped together fo r  evaluation purposes. This 

*Reports are  l i s t e d  i n  the 
Acknowledqements. 

References and s t a t e  contacts are  l i s t e d  in the 
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grouping resulted 

pJtentia1. The f 

S ta te  

Idaho 
Oregon 

in  52 composited resources t o  be evaluated i n  de ta i l  f o r  energy 

nal composite resources a re  dis t r ibuted as follows: 

Composite Resource Sites 
Preference Nonpreference 
Customers Customers Total -- 

4 - 31 4** 
6 

Washington 4-3/4 
W. Montana 1-114 
N .  Nevada 3 
N. California 2 
W. Wyomi ng 0 

0 N .  Utah -- 

TOTAL 21 -314 

14-114 
6 
4-114 
6-314 
0 
0 
0 
0 

31 -1 14 

19 
1 2  
9 
8 
3 
2 
0 
0 

53* 

I t  should be noted tha t  the 25-mile radius was selected as the probable maxi- 

mum distance hot water can be economically piped f o r  d i r ec t  thermal applications. 

T h i s  i s  expected t o  hold true until  the year 2000; a f t e r  2000, fossil fuel prices 

nay make i t  economical t o  extend this distance u p  t o  50 miles or more. There may 

be near-term exceptions t o  the 25-mile l imitat ion,  as studies have shown i n  Ice- 

land. The main exception would be a large,  concentrated load w i t h  a high-load 

factor  (constant use a l l  year) ,  typical of industrial  loads. 

area very few s i tes  would meet these c r i t e r i a ,  and because the development of 

In the BPA market 

these are s t i l l  i n  question, such as  Northwest Natural Gas' Portland-Mt. Hood 

wojec t  , none were considered f o r  evaluation purposes. In a d d i t i o n ,  extremely 

low temperature s i t e s  (<lOO°F = 38°C) were considered t o  be usable only within 

f ive  miles from the resource. This low temperature i s  i n  the heat pump range, 

and thus the economics of p i p i n g  are  not as favorable as w i t h  higher temperatures. 

The i n i t i a l  resource potential estimates were calculated from USGS Circular 

790. As an example, the composite Oregon resource s i t e  of Li t t le  Valley, Neal 

*Two sites are  s p l i t  along s t a t e  l ines .  
**Uti l i ty  ju r i sd ic t ion  estimated t o  nearest one-fourth of s i t e  area.  
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Hot Springs, Vale Hot Springs, and the  Western Snake R ive r  Basin (202, 203, 204, 

a'nd ID9) have t h e  f o l l o w i n g  p o t e n t i a l  according t o  C i r c u l a r  790: 

S i t e  
E l  e c t r i  c a l  

Energy 
Benef i  c i  a1 

Heat 
- Temp. 

Range 

2 02 --- 0.061 x 10' "J* 302"-194"F (1 50"-90°C) 

2 03 

2 04 

36 

870 

~ 1 9 4 ° F  (<9O"C) --- --- I D9 

Un fo r tuna te l y ,  these data o n l y  g i v e  p a r t  o f  t h e  p i c t u r e .  For s i t e  202 

(302"-194"F = 150"-90"C) the  b e n e f i c i a l  heat i s  based on a heat u t i l i z a t i o n  

f a c t o r  o f  0.24 [90°F and 68°F (50°C and 38°C) temperature drop f o r  a 302°F and 

212°F (1 50°C and 100°C) resource, respec t i ve l y ] .  

p o t e n t i a l  i s  based on temperatures above 302°F (150°C), none i s  est imated f o r  

Since the e l e c t r i c  generat ing 

t h i s  s i t e .  The d i r e c t - u s e  energy i s  thus c a l c u l a t e d  f o r  t he  resource below 302°F 

(150°C) and i s :  
0 

= 2.0 x 1 O I 2  Btu/yr .  , 0.061 x 1 0 I 8 J  
' 1,055J/Btu x 30 y r s  

S i t e s  203 and 204 a r e  high-temperature s i t e s  (>302"F = 150°C) and thus have 

no estimates for beneficial heat below 302°F (150°C). There is obviously usable 

energy below 302°F (150°C), e s p e c i a l l y  as waste water f rom the  power p l a n t  (on l y  

about 20 percent  on t h e  thermal p o t e n t i a l  would be used). Thus, us ing  the r e -  

maining i n f o r m a t i o n  g iven i n  C i r c u l a r  790: 

We1 1 head We1 1 head 
S i t e  Thermal Energy - Avai 1 ab1 e Work 

2 03 0.39 x 1 0 I 8 J  0.084 x 10 I8J  
2 04 11.2 x 1018J 2.0 x 1018J 

*J = Jou le  = 0.000948 Btu.  
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An e s t i m a t e  of  the remaining d i r e c t - u s e  energy can be made. Using s i t e  203 f o r  

exampl e : 

0.390 x 101*J thermal energy - 0.084 x 1 Q ' ~ ' d  a v a i l  cihl c! work 
0:mDmJ remai ni ng energy 

conver t ing  t o  an annual b a s i s :  

0.306 x 1Ol8J 
1,055J/Btu x 30 y r s  = 9.67 x 1 0 l 2  Btu/yr 

Using a 0.24 u t i l i z a t i o n  f a c t o r  ( s i n c e  the remaining f l u i d  will probably be be- 

low 302'F = l5O0C), the 

The corresponding benef 

b e n e f i c i a l  hea t  is:  

0.24 x 9.67 x 1OI2 Btu/yr = 2.32 x 1 0 l 2  Btu/yr 

c i a 1  heat f i g u r e  for s i te  204 is: 

69.76 x 10l2 Btu/yr 

F i n a l l y ,  S i t e  ID9, 

sidered. USGS C i r c u l a r  

the low-temperature s i te  (194°F = 90°C), must be con- 

790 d i d  n o t  e s t i m a t e  the energy f o r  low-temperature sites. 

LSGS f e l t  t h a t  the energy a t  these s i tes  came from a q u i f e r s  whose na tu re  and extent 

were then unknown, and t h e r e f o r e  they d i d  no t  make an energy e s t ima te ;  however, 

they  d i d  feel t h a t  these si tes represent a s i g n i f i c a n t  f r a c t i o n  of the t o t a l  low- 

Temperature energy i n  the BPA region.  Low-temperature resources  loca t ed  on the 

USGS maps represent a reas  generally g r e a t e r  t h a n  20 km2 (7.7 mi2) i n  w h i c h  low- 

tempera ture  geothermal waters  a r e  bel ieved t o  occur  i n  extensive a q u i f e r s  w i t h i n  

i km (3,000 f t )  of land su r face .  In a d d i t i o n ,  s e l e c t i o n  of these sites was based 

3 n  a s u r f a c e  temperature  18°F (10°C) above mean annual a i r  temperature ,  having a 

thermal g r a d i e n t  exceeding 87"F/mi (3O0C/km); and hea t  f lows g e n e r a l l y  above 

60 mW/m2 (4 .65 x lo9 Btu/yr/mi2).  In many c a s e s ,  this information was l ack ing ,  

and t h u s  only a gene ra l i zed  knowledge o f  the geohydrology was a v a i l a b l e  t o  guide 

the l o c a t i o n  of a r e a l  boundaries.  The presence o f  wells and springs was the main 

c r i t e r i a  f o r  boundary de te rmina t ion .  
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USGS i s  presently working on the problem of estimating the energy in these 

low-temperature resources. 

the University of Utah Research Ins t i t u t e  (UURI), who have assis ted i n  w r i t i n g  

Circular 790, revealed tha t  no new information is  presently available;  i n  f a c t ,  

these personnel expressed concern as t o  the method of accomplishing the task (out- 

side of physically d r i l l i n g  and/or  measuring each s i t e ) .  

Conversations with personnel a t  USGS, Menlo Park, and 

Since reasonable estimates of  low-temperature energy potential were needed 

fo r  this project,  an  approximate and simplified method was suggested t o  the USGS 

and UURI personnel, and they agreed tha t  i t  represents the best methodology w i t h -  

in the pro jec t ' s  time and budgetary constraints.  

The low-temperature methodology is a s  follows: Since much i s  known about 

the Klamath Fa l l s  resource, based upon numerous wells i n  the area and extensive 

f i e l d  observations by Geo-Heat Center personnel, the base data were derived from 

this experience. Three estimates of the beneficial heat were made and averaged, 

as  follows: 

1 .  Based on USGS Circular 790 

a .  

b. 

Area of resource (1978 Oregon Geothermal Map) = 350* m i 2  

Beneficial heat energy (USGS Circular 790) for  s i t e s  186 and 187 = 

1.977 x 101*J = 1.87 x 1015 B t u  

d .  Assuming a 30-year l i f e :  

Energy - - 5.34 = 178 x lo9  Btu/yr/mi2 
Area x Time 30 

*This exceeds the 200 m i 2  used i n  the example i n  Section I1 of t h i s  report .  The 
larger f igure i s  based on Oregon DOE map and i s  f e l t  t o  be more comprehensive. 
Also see note on page 83. 
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2. Based on OIT well pumping data and d i s t r i c t  heating reccmunendations 

a .  1,000-1,200 f t  m i n i m u m  spacing between wells o r  16 wells/mi2 

maximum (40 acres/well ) 

b. Average sustained output per well 250 gals/min (500 gpm maximum) 

c.  Assume a wellhead temperature o f  18OOF ( 8 2 O C )  or  a maximum bottom 

hole o r  resource temperature of 200°F (93°C) and a usable temperature 

loss  ( A T )  a t  heat exchangers a t  40°F (22°C) .  

of existing systems; new systems designed f o r  geothermal could obtain 

a AT o f  8 O o F  = 44°C). 

( T h i s  is  f o r  r e t r o f i t  

d .  The beneficial heat i s  then: 

8.33 1bS 1 B t U  40°F 5.256 x lo5 m i n  16 wells 
m i 2  

x -  250 gals  .- 

:nin x well gal l b  "F Yr 

= 700 x lo9 Btu/yr/mi2 

3. Based on a typical aquifer 

a .  Assume 1,000 f t  thick aquifer w i t h  a 20 percent e f fec t ive  porosity 

(saturated)  and 25 percent recovery factor  (sweep process). 

200°F (93°C) resource temperature referenced t o  60°F (15°C) fo r  

energy recovery o r  a AT of 140°F (78OC). 

24 percent u t i l i za t ion  fac tor  and 30-year _life.  

b.  

c .  

d .  T h e  beneficial heat i s  then: 

62.4 :bs 140°F - 1 B t u  0.24 1,000 f t  x - 52802ft2 mi x 0.20 x 0.25 x l b  F 30 y r s  f t  

= 97.4 x l o9  Btu/yr/mi2 
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These three figures appear t o  vary widely; however, assumptions under methods 2 and 3 

could vary the resu l t s  i n  the following manner: 

2. Sixteen wells per square mile i s  probably a maximum tha t  would ever be 

realized due t o  possible adverse interference and the need fo r  separa- 

t ion from inject ion wells. A spacing of nine wells per square mile m i g h t  

be more reasonable, g i v i n g  a beneficial heat of: 

= 394 x lo9 Btu/yr/mi2 

3. An aquifer thickness of 1,000 f t  may be conservative, since USGS figures 

low temperature reservoirs could be exploited economically t o  a depth of 

1 km (3,000 f t ) .  Using t h i s  thickness gives a beneficial heat of: 

= 292 x lo9 Btu/yr/mi2 

lhese two figures along w i t h  the 178 x lo9 Btu/yr/mi2 from method 1 a re  i n  c loser  

agreement. Averaging the resu l t s  by the f i r s t  assumption gives: 

by the second s e t  of assumptions gives: 

178 + 394 -k 292 = 288 x lo9  Btu/yr/mi2 3 

Since these two averages are  in close agreement, a f inal  average i s  probably 

j u s t i  f i e d  g i  v i  ng : 

325 -t. 288 = 306 x lo9  Btu/yr/mi2 2 

: 300 x IO9 Btu/yr/mi2 

The 300 x 109 Btu/yr/mi2 average areal beneficial heat was based on a resource 

temperature (or  maximum well bottom temperature) o f  Z O O O F  (93°C) and a usable 

wellhead ( o r  entering heat exchanger) temperature o f  20°F (11°C) less  o r  180°F 

(82OC). 

a beneficial heat value t o  be used in the areal reservoir eva uation. These 

Other resource temperatures must be corrected by the usable A T  t o  give 
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figures would either be based on retrofitting existing heating systems o r  new 

construction designed fo r  geothermal f l u i d s .  

ture, heat pumps would be used. 

graphically i n  Figure 20. 

Below 100°F (38°C) well head tempera- 

The results a re  summarized i n  Table 6 and shown 

The assumptions made f o r  these calculations obviously leave much t o  be de- 

sired; however, the resu l t s  appear reasonable. U n t i l  USGS can complete i t s  eval- 

uation of low-temperature resources, the preceding calculations will  represent 

the best available information t o  date. 

Note: A review of these assumptions and calculations by USGS ( P .  Muffler) i n d i -  
ca te  they a re  conservative and could be considerably higher. Method 1 is  
probably low by a fac tor  10 (29.4 m i 2  vs. 350 m i 2  according t o  Circular 790 
and method 3 by a factor  4 (25  percent recovery fac tor  is a heat recovery 
f ac to r  and t h u s  not relevant).  
of these 1 ow-temperature resources used i n  subsequent calculations a re  
estimated based on sparce or  questionable data ,  the 300 x lo9 Btu/yr/mi2 
a t  Z O O O F  (93OC) will  be retained t o  be on the conservative side. 

Since the areal extent and temperatures 

Table 6 

Estimates fo r  Low-Temperature Reservoir Eva1 uati  on 

Retrof i t  New Construction 
Resource We1 1 head Areal Areal 

Temperature Temperature Benef i ci a1 Heat Beneficial Heat 
OF ( O C )  "F ( O c )  AT in O F ( O C )  x109 Btu/yr/mi2 - AT in "F("C) x109 Btu/yr/mi2. 

220 (104) 200 
200 (93) 180 
180 (82)  160 
160 (71) 140 
140 (60) 120 

100 (38) 80 
80 (27) 60 

120 (49) 100 

93) 50 (28)  
82) 40 (22) 
71) . 30 (17) 
60) 20 (11.) 
49) 15 (8) 
38) 15* (8) 
27) 10* (6) 
16) 10* (6) 

375 
3 00 
225 
150 
112.5 
112.5 
75 
75 

100 (56) 750 
80 (44) 600 
60 (33) 450 
40 (22) 300 
30 (17) 250 
15* (8) 112 
10* (6)  75 
10* (6) 75 

*Heat pump range (recent equipment developments may increase the AT). 
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Figure 20. Low-temperature resource potential . 
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The graphical representation uses a smooth curve through the points and t h u s  will 

give s l i gh t ly  different results than the table.  

in subsequent calculations. 

Finally, a f t e r  a l l  of the discussion for  the low-temperature resource evalua- 

The  graph figures will be used 

t ions ,  the value fo r  ID9 i n  our  example can be determined. 

1 .  Area (1978 Oregon Geothermal Map) = 300 m i 2  ( i n  Oregon only) 

2.  Use 200°F (93OC) resource temperature 

3. From Figure 24, the areal beneficial heat = 300 x lo9 Btu/yr/mi2 

4. The to ta l  resource beneficial heat = 300 x 300 x lo9 = 90 x 10l2 Btu/yr 

Summarizing the resu l t s  of the calculations for the composite resource gives: 

Beneficial Heat Btu/yr) 

302"-194°F (150°-900C) <194"F (90OC) - S i t e  - >302"F (1 50°C) 

2 02 --- 

2 03 2.3 --- --- 
2 04 69.8 --- 

I D9 

--- 2 

--- 
90 --- --- 

The to ta l  beneficial heat available for d i r ec t  use i s  then: 

= 164.1 x 10l2 Btulyr 

Similar calculations are made fo r  each of the 50 remaining composite resource 

s i t e s .  The  resu l t s  a re  summarized i n  Table 7. A summary by s t a t e  i s  as follows: 

S ta te  Total Benef i c i  a1 Heat 

Idaho 1,323.4 x 10l2 Btu/yr 

Oregon 782.0 x 1OI2 Btu/yr 

Washington 284.2 x 10l2 Btu/yr 

W .  Montana 34.8 x 1OI2 Btu/yr 
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e 

Sta te  

N .  Nevada 

N. California 

TOTAL 

Total Beneficial Heat 

326.7 x 10l2 Btu/yr 

346.0 x 10l2 Btu/yr 

3,097.1 x 1OI2 Btu/yr 

~ 3 . 0  quad/yr 

or 90 quads over a conservative 30-year l i f e  for  the resources. 

This i s  the usable geothermal resource potential t h a t  has s ign i f icant  d i rec t -  

use loads w i t h i n  25 miles. 

s t a t e  because half of the resource s i t e s  were i n i t i a l l y  eliminated due t o  impedi- 

ments or constraints described e a r l i e r .  In addition, no direct-use potential was 

estimated f o r  the igneous systems (KGRA's) and cer ta in  other h i g h  temperature re- 

sources fo r  the range >3OZ0F (150°C) , because very l i t t l e  information was available 

There is  obviously greater  energy potential in each 

on these resources. However, s t a t e  personnel d i d  feel these s i t e s  had e lec t r ica l  

potential based upon recent d r i l l i n g  o r  leasing ac t iv i ty .  Therefore, these s i t e s  

were only estimated fo r  e lec t r ica l  potent ia l ;  a question mark follows these e s t i -  

mates i n  Table 7.  

Individual resource s i t e s ,  and the 25-mile radius of potential load displace- 

ment fo r  composite s i t e s ,  are  shown on the two foldout maps attached a t  the end 

o f  the report .  

B. GEOTHERMAL LOAD AND DEVELOPMENT SCHEDULE 

Two types of geothermal energy loads were considered: , e l e c t r i c  and d i r ec t  

use (nonelectr ic) .  

source location. 

Electr ic  use is  essent ia l ly  independent of the geothermal re- 

The main l imitat ion i s  the lack of power transmission l ines  

within a reasonable distance of a resource. In most cases, this i s  n o t  a problem, 

and therefore a1 1 s i t e s  w i t h  environmental conditions conducive fo r  geothermal elec- 

t r i c a l  power production were considered. On the other hand,  nonelectric uses must 

be located re la t ive ly  near a geothermal resource due t o  piping distance l imitat ions.  
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Resourcj 
No. 

OREGON 

177-179 

180 
181-183 
OR1 -2 

186/ 187 
OR9 

189/0R8 
190/191 

' 193/194, 
$ OR5-6 
, 196-199 

OR7 
201 /OR3 
202-204 
I D9a 

GB KGRA 
OR4 

O S R l  

TOTAL 

NEVADA 

130-1 32 
NV2,5 

167/NV4 
168/NV7 

TOTAL 

Resource 
Name 

Hood/Carey/Breitenbush 

Kahneetah H.S. 
Bel knap/Fol ey/McCredi e 

Klamath Fa l l s /K .  H i l l s  

La k e v i  ew 
Crump's/Fisher 
Ha r n ey / C r a n e 

Mickey/Alvord/Borax/ 

Medical/Craig-Cove 
L i t t l e  Val 1 ey/Neal/ 

Glass Bu t te  

T rou t  

Val e/W. Snake 

Mi l ton-Freewater  

Bal tazor/Dyke/Pinto 

Minera l /Jackpot  
Hot Su l fu r /Wel ls  

T$.BLE 7. 
GEOTHERMAL RESOURCE POTENTIAL OF BPA STUDY AREA 

rempera 
?eser- 
v o i r  

? I  9-257 

228 
196-235 

!32-255 

302 
333 

!30-243 

309-401 

205 
31 5-370 

> 30O? 

130? 

123-343 

11 2-228 
121-289 

Are, O F  

We1 1 s /  
Springs 

194-1 98 

126 
57-1 63 

199-235 

205 
250 

70-1 72 

61 -205 

75-1 80 
.68-189 

64-1 18 

75 

70-1 99 

77-1 47 
100-1 31 

Conversion P o t e n t i a l  
( B e n e f i c i a l  Heat) 

x 1 0 l 2  B tu /y r  
jO2-194"F 

5.5 

1.7 
3.1 

65.9 

11 .o 
1.8 
3.6 

-- 
1.5 
2.0 

? 

-- 

1.6 

1.7 
3.3 

:194"F 

-- 
-- 
40.5 

105.0 

18.0 

102.6 

67.5 

19.5 
90.0 

12.6 

33.0 

-- 

225.0 

57.6 
7.8 

'0 t a  1 

5.5 

1.7 
43.6 

70.9 

29.0 
6.3 

06.2 

88.1 

21 .o 
64.1 

12.6 

33.0 

182.0 

36.8 

59.3 
11.1 
07.2 

E l e c t r i c a l  
Po ten t i  a1 

MWe 
U t i l i t y  

J u r i s d i c t i o n  

Por t l and  G.E. (75) 
Consumers Power , I n c .  ( 25)t 
P a c i f i c  Power & L i g h t  
Lane Co. E lec.  Coopt 

P a c i f i c  P & L Co. 

P a c i f i c  P & L CO. 
Surp r i se  Val 1 ey Elec.  Coopt 
Harney Elec.  Coop' 

Harney Elec.  Coop' 

C a l i f o r n i a  P a c i f i c  U.C.  
Idaho Power Co. 

Cent ra l ,  M ids ta te  & 
Harney E.C.' 
P a c i f i c  Power & L i g h t  (25)t  
Mil ton-Freewater  City (75) 

Harney E.C.' 

Wells R E C ~  
Wells REC+ 

* Inc ludes igneous system est imates,  and specu la t ions  based on i n t e r e s t  i n  the  area; does n o t  i n c l u d e  probable.  
1-BPA Preference Customer. 



Resourc 
No. 

CALI FOR 

034/035 

036/038 

TOTAL 

CA1 

CA2 

I DAH0 

I D8 
I ID9b 
% ID9c 
I 114/ 

ID9e-f 
ID1 2/GL 

KGRA 
ID1 3 
087 
091 
093/094 

095 
099-1 02 
I D9d 

104/105 
l07/104 
I D3 

109-1 12 
I n l o  

Re source 
Name 

I A  - 

F t .  B idewel l /Surpr ise  

W. Val 1 ey/Kel l y  

Ketchum 
Boise F ron t  
Nampa-Caldwell 
Banbury /Ho l l i s te r /  

Blackfoot/Grays Lake 
Ar tes ian  

Poca t e l l  o 
R igg ins  H.S. 
Carbarton H.S. 
Crane-Cove/Weiser 

Roys tone 
Latty/Radio/Gravel  

Bruneau-Grand View/ 
M t .  Home 

9wl Crsek/Big Creek 
Sunbeam/Slate/Stanley- 

Magi c/Worswick/Wardrop/ 
Cha l l  i s  

Barron's/Camas 

TASLE 7. 
GEOTHERMAL RESOURCE POTENTIAL OF BPA STUDY AREA 

Temperature, OF 
i e s e r -  
v o i r  

231 -306 

244 

185 
174 

99-1 58 
167-243 

122 

140 
21 6 
223 

?66-340 

275 
Z17-257 

!59- 324 
I31 -23a 

194-308 
347t 

We1 1 s /  
Springs 

70-320 

81 -241 

144-1 60 
68-1 69 
68-1 22 
95-1 38 

73-1 08 

68- 1 06 
108 
158 

170-1 99 

131 
93-1 31 

22-1 99 
00-1 69 

70-1 78 

C o w e r s i  on P o t e n t i a l  
(Benef i c i  a1 Heat ) 

:194"F 302-194"F 

2.2 

4.2 

-- 
-- 
-- 

14.7 

? 

-- 
1.6 
1.6 
2.8 

2.2 
905.5 

2.0 
3 . 4. 
6.9 

192.0 

24.0 

7.7 
20.0 
28.0 
20.0 

20.0 

3.3 -- 
-- 

. -- 
-- 

14.0 

-- 
16.5 

172.8 

rota1 

317.8 

28.2 

346.0 

7.7 
20.0 
28.0 
34.7 

20.0 

3.3 
1.6 
1.6 

27.7 

2.2 
319.5 

4.0 
19.9 

179.7 

E l e c t r i c a l  
Potent  i a1 

MWe 
)rob. 'os s .: 

U t i l i t y  
J u r i s d i c t i o n  

t 

t 

Surp r i  se Val 1 ey E. C.  

Surpr ise  Va l l ey  E.C. 

Idaho Power Company 
Idaho Power Company 
Idaho Power Company 
Idaho Power Company 

Utah Power & L i g h t  Co. 

Idaho Power Company 
Idaho Power Company 
Idaho Power Company 

.Idaho Power Company (25)  

.Weiser City (75) 
Idaho Power Company 
Idaho Power Company 

Idaho Power Company 
Salmon R ive r  E . C ?  

. Idaho Power Company (50) 
' P r a i r i e  Power C0oC(50)~ 

* Inc ludes igneous system est imates,  and specu la t ions  based on i n t e r e s t  i n  t h e  area; does n o t  i n c l u d e  probable.  
t BPA Preference Customer . 

++Reference: Geothermal I n v e s t i g a t i o n s  o f  Idaho ( P a r t  7 )  f o r  Magic. 



TABLE 7. 
GEOTHERMAL RESOURCE POTENTIAL OF BPA STbDY A2EA 

Resource 
No. 

IDAHO 

Resource 
Name 

(Cont inued) 

115 
116/117/ 

ID1 1 
118-121 

Temperature, O F  

Reser- We1 1 s/ 
v o i r  Spr inqs.  

300 297 
67-21 2 70-1 06 

99-246 11 1-1 90 

> 300? ? I P  KGRA 
WSRl (Resou 

R a f t  R iver  
Ashton/Newdal e 

-ce i n  Wa 

Map1 e/Riverdal  e/ 
Wayland/Squaw 

I s l a n d  Park 
Lewi s ton  

TOTAL 
I 

% WASH I NGTON 
I 

WA2 
WA3 
WA4 

WSRl 

WSRZ 

Yakima 
Ephrata 
W a l l  a W a l l  a 

C la rks ton  

Prosser 

WSR3-4 
WSR5 
21 2/MB 

KGRA 
MS KGRA 

TOTAL 

24-14Z 
? 
? 

? 

? 

~ 1 7 6  
>300? 

273 

? 

N. Bonnevi l le/Carson 
King County 
Baker H.S. /Mt .  Baker 

79-86 
77-86 
79-82 

80 

80? 

90-120 
? 

111 

? M t .  S t .  Helens 

l l  

> - 

h i  

E l  e c t r  i c a l  
Poten t ia  1 

Prob. Poss. t 10 , ( Z O O )  -- -- 

0 (200) 

0 (1000 

-- 
0 (ZOO) 
0 (200) 

0 
0 

U t i l i t y  
J u r i s d i c t i o n  

(%) 

R a f t  R i ve r  REC; 
F a l l  R iver  REC 

Utah Power & L i g h t  Co. 

F a l l  R i ve r  RECt 
Washington Water Power Co. (75 

‘Clearwater Power Co. (25)t 

P a c i f i c  Power & L i g h t  Co. 
Grant Co. P U P  
P a c i f i c  P & L Co. (50)  

‘Columbia REA (50 ) f  
Washington Water Power Co. (7! 

‘Clearwater Power Co. ( 2 5 ) t  
Benton Co. PUD ( 7 5 ) t  

‘Richland City L i g h t  ( 2 5 ) t  
Skamania Co. P U P  
Puget Sound P&L Co. 
Puget Sound P&L Co. 

Skamania Co. PUDT 

* Inc ludes igneous system est imates,  and speculat ions based on i n t e r e s t  i n  t h e  area; does - n o t  i n c l u d e  probable.  
t B P A  Preference Customer. 



Resourcc 
No. 

MONTANA 

126/MT4 
M S R l O  

MT5/128 

MT7 
123/124 

125 - 129/MT1( 

' MSR46 
MSR50 

I 

0 

TOTAL 

Resource 
Name 

Gregson/Warm Springs/ 

P i  pestone/Barkel s 
Anaconda 

Bozeman 
Broad wa t e r /  A1 ham bra 

Boulder 

Ennis (Thexton) 

White S u l f u r  
Hunters 

TABLE 7. 
GEOTHERMAL RESOURCE POTENTIAL OF B?A STUDY AREA 

Temper 
Reser- 
v o i r  

170-244 

192-268 

185 
205-244 

277 

264 

158-298 
140-237 

ture, O F  

We1 1 s/  
Springs 

163-1 70 

135-1 63 

131 
138-1 51 

169 

181-192 

114 
139 

Conversion P o t e n t i a l  
(Benef ic  i a1 Heat) 

x 10'2 
302-1 94°F 

1.8 

2.1 

-- 
3.3 

2.2 

2.1 

-- 
-- 

W y r  
:194"F 

7.5 

7.5 

3.5 -- 
-- 
-- 
2.4 
2.4 

ro ta1 

9.3 

9.6 

3.5 
3.3 

2.2 

2.1 

2.4 
2.4 

34.8 

E l e c t r i c a l  
Potent i a1 

'rob. 

U t i l i t y  
J u r i s d i c t i o n  

(%) 

. V i g i l a n t e  Elec.  Coop (25)': 

.Montana Power Company (75) 

. V i g i l a n t e  Elec.  Coop (25)f 
,Montana Power Company (75) 
Montana Power Company 
. V i g i l a n t e  Elec.  Coop (25)+ 
,Montana Power Company (75) 
. V i g i l a n t e  Elec.  Coop (25)f 
.Montana Power Company (75 
. V i g i l a n t e  Elec.  Coop (25) 
.Montana Power Company (75) 
Montana Power Company 
Montana Power Company 

1 

* Inc ludes igneous system est imates,  and specu la t ions  based on i n t e r e s t  i n  t h e  area; does not i n c l u d e  probable.  
f BPA Preference Customer. 



I n i t i a l l y ,  

of a resource were considered. 

direct-use loads (resident ia l  , commercial , or  indus t r ia l )  w i t h i n  50 miles 

T h i s  was l a t e r  reduced to  25 miles for  h i g h  and in te r -  

mediate temperature resources ( > 1 9 4 O F  = 90°C) , and within 5 miles f o r  low-tempera- 

tu re  resources. These distances were f e l t  t o  be the maximum tha t  would be economi- 

ca l ly  feasible  by the year 2000. A t  the present time, worldwide, the maximum dis- 

tance geothermal water i s  piped fo r  d i r ec t  use i s  a b o u t  20 km or 13 miles, in Ice- 

land. Projects u p  t o  75 km (50 miles) are  currently under act ive consideration, 

b u t  none have been constructed. 

i n  the United S ta tes ,  which i s  Northwest National Gas Company's M t .  Hood t o  Port-  

land pipeline; however, this project i s  s t i l l  in the resource confirmation phase. 

Projects of this distance a re  heavi 1 y dependent upon a 1 arge , concentrated 1 oad 

and a h i g h  load factor .  

2 typical load factor  of 0.25; therefore,  an industrial  process base load i s  gen- 

One project of t h i s  magnitude i s  being considered 

Space heating alone does not s a t i s fy  these c r i t e r i a ,  w i t h  

e r a l ly  necessary. 

Direct-Use Loads, 

The direct-use load has four major components: 

1 .  Residential space heating and water heating; 

2 .  Commercial space heating and water heating; 

3 .  P u b l i c  and ins t i tu t iona l  space hea t ing  and water h e a t i n g ;  and 

4 .  Industrial process heating. 

No space or  water heating was considered fo r  the industr ia l  load, due t o  

the d i f f i cu l ty  of  estimating this item, the use of internal waste heat t o  meet 

most of these demands, and the estimated low figure fo r  this use. 

types of loads were fur ther  subdivided into the portions provided by e l e c t r i c i t y  

and those provided by fossil fuel .  

however, the e lec t r ica l  load was of special i n t e re s t  as BPA supplies i t s  customers 

i n  the region w i t h  energy i n  this form. 

These four 

Normally, this breakdown would n o t  be necessary; 

I n  a d d i t i o n ,  the foss i l  fuel load was of 
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i n t e re s t  as this load would be p a r t  of the conventional displacement i n  any non- 

e l e c t r i c  geothermal project. 

I n i t i a l l y ,  these load figures were requested from BPA area of f ices .  

tunately,  these f igures  were generally n o t  available in the form necessary for  

this project .  

able,  and not f o r  investor-owned u t i l i t i e s .  

t r i c a l  load f o r  a u t i l i t y ' s  ju r i sd ic t ion  or  a c i t y ,  o r  gives an average load fo r  

each customer. 

pliances portion of the e l e c t r i c  load, which cannot be replaced by geothermal d i -  

Unfor- 

In a few cases only publically owned u t i l i t y  information was avai l -  

BPA data normally gives the to ta l  e l e  

However, this information does not ident i fy  the l i g h t s  and ap- 

t-ect use. 

vs. fos s i l  fuel was not known. 

Residential Use 

Also, the saturation or  capture r a t e  of e l e c t r i c  space and water heating 

An average resident ia l  s t ructure  s i ze  of 1,800 square f ee t  and household of 

2.8 persons were used, based upon national census and homebuilding averages. 

, Space heating varies according t o  climate and is  a function of the degree 

days of heating ( D D ) *  and the outside design temperature (T),** and a correction 

fac tor  of CD.*** Based upon  the Klamath Falls experience, a peak heating r a t e  of 

25 Btu/hr/ft2 was used fo r  an average home based on an older outside design 

temperature of 0°F. 

R19 cei l ing insulation, double glazing, and R13 wall insulation as shown by the 

dashed l i ne  next t o  graph B i n  Figure 22. 

design temperature of 4°F (-15"C), a corrected peak heating load  of 23.5 Btu/hr/ft2 

i s  obtained fo r  Klamath Falls.  T h i s  gives an annual heating load using the follow- 

i n g  ASHWE**** relationship: 

T h i s  i s  approximately equivalent t o  home construction u s i n g  

Using the current res ident ia l  outside 

Peak load/hr x 24 x DD x CD 

65 - T SHL = - 

*Reference 7. 
**Reference 1 2 ,  see Table 8. 

***Reference 1 2 ,  see Figure 21.  
****American Society of Heating, Refrigerat 

(Reference 12) .  
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D 

!a 
B 

.. . 

IDAHO 
Boise AP(S) 43 
Burley 42 
Coeur d'Alene AP 47 
Idaho Falls AP 43 
Lewiston .4P 46 

Ivloscow 46 
\lountain Home AFB 43 
Pocatello AP 41 
Tmin Falls (AP ( S )  

MONTANA 
Billing% AP 
Bnzeman 
Butte AP 
Cut Bank AP 
Glazeow AP ( S )  

.__-. 

OREGON 
Albany 
Astoria AP  (S) 
Baker AP 
Bend 
Corvallis (S) 

Eugene AP 
Grants Pass 
Klamath Falls AP 
Medford AP (S)  
Pendleton AP 

Portland AP 
Portland CO 
Roseburg AP  
Salem AP 
The Dalles 

WASHINGTON 
Aberdeen 
Wingham A P  
flcemerton 
Ellensburg A P  
Evaett- 

Paine AFB 

Kmnewick 
Longview 
Moses Lake. 

Olympia AP 
Pon Angela 

scattk- 
k i n g  Fld 

Seattle CO ( S )  
Scat~le- 

Tacoma A P  (S) 
Spokane AP  ( S )  
Tacoma- 
Mc Chord AFB 

Wdla Walla AP  
Wenatchee 

Larson A f  B 

4i 

45 
4s 
46 
48 
48 

44 
46 
44 
44 
44 

44 
42 
42 
42 
45 

45 
45 
43 
45 
45 -_  

47 
48 
47 
47 

47 

46 
46 

47 
47 
48 

47 
47 

47 
47 

47 

46 
47 

3 
3 
5 
3 
2 

4 
0 
0 
3 

5 
5 
0 
4 
1 

4 
I 
5 
0 
3 

1 
3 
1 
2 
4 

4 
3 
I 
0 
4 

0 
5 
3 
0 

5 

0 
I 

I 
0 
I 

3 
4 

3 
4 

I 

I 
2 

1 I6 
113 
116 
I12 
I I7 

117 
I15 
1 I2 
I14 

IO8 
I l l  

1 I2 
1 I2 
106 

I23 
123 
117 
121 
I23 

I23 
I23 
I21 
122 
118 

I22 
I22 
I23 
I23 
121 

I23 
I22 
I22 
I 20 

I22 

I I9 
123 

1 I9 
I22 
123 

122 
122 

122 
I I7 

I22 

118 
I20 

1 2842 
5 4180 
5 2973 
0 473or 
0 1413 

0 2660 
5 2992 
4 4 4 4 4  
3 4148 

3 3567 
0 4856 
3 5526r 
2 3838r 
4 2277 

1 224 
5 8  
5 3368 
2 3599 
2 221 

I 364 
2 925 
4 4091 
5 129R 
5 1492 

4 21 
4 57 
2 505 
0 195 
1 102 

5 12 
3 IS0 
4 162 
3 1729 

2 598 

1 392 
0 12 

2 1183 ' 
5 190 
3 9 9  

2 14 
2 14 

2 386 
3 2357 

3 350 

2 1185 
2 634 
3 1061  

3 
-3 
-8 

- 1  I 
-1 

-7 
6 

-8 
-3 

-I5 
-20 
-24 
-25 
-22 

I8 
25 
- 1  
-3 
1 R  

17 
20 
4 

19 
-2 

17 
I R  
I8 
I R  
13 

25 
10 
21 

2 

21 

5 
19 

I 
16 
24 

21 
22 

21 
-6 

19 

0 
7 

-2 

IO 
2 

- I  
-6 

6 

0 
I2 

- I  
2 

-10 
-14 
-17 
-20 
-18 

22 
29 
6 
4 

22 

22 
24 
9 

23 
c 

23 
24 
23 
23 
19 

28 
I5 
25 
6 

25 

I I  
24 

7 
22 
27 

26 
27 

26 
2 

24 

7 
I I  
5 Yakima AP 46 3 l20--_-_- - 
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%I65 
99/62 
R9/(12 
R9/61 
96/65 

90163 
99/64 
94/61 
99/62 

94/64 
W/61 
86/5R 
8x161 
92/64 

92/67 
75/65 
92/63 
90162 
92/67 

92/67 
99/69 
90161 
98/6R 
97/65 

89/6R 
90/68 
93/67 

92/69 
92/68 

80165 
81/67 
82/65 
94/65 

80165 

99/68 
88/68 

97/66 
87/66 
72/62 

84/68 
85/68 

84/65 
93/64 

86/66 

97/67 
99/67 
96/65 

94/64 
95/61 
86/61 
R7/61 
93/64 

87/62 
97/63 
91/60 
95/61 

91 /64 
87/60 
83/56 
85/61. 
89/63 

R9/66 
71/62 
89/61 
R7/W 
R9/66 

R9/66 
%/6R 
R7/W 
94/67 
93/64 

MI67 
R6/67 
90166 
88/66 
R9/6,8 

77/62 
77/65 
78/64 
91/64 

76/64 

96/67 
85/67 

94/65 
83/65 
69/61 

81/66 
82/66 

80164 
90163 

82/65 

94/66 
96/66 
93/65 

91 164 
92/66 
83 '60 
84/59 
Yo/63 

84/61 
94/62 
89/59 
92/60 

RR/63 
84/59 
80156 
82/60 
85/62 

86/65 
68/61 
R6/60 
R4/59 
86/65 

86/65 
93/67 
R4/59 
91/66 
90162 

R1/65 
82/65 
R7/65 
84/65 
M I 6 6  

73/61 
74/63 
75/62 
87/62 

73/62 

92/66 
8 1/65 

90163 
79/64 
67/60 

77/65 
78/65 

76/62 
87/62 

79/63 

90165 
92/64 
89/63 

1977 FUNDAMENTALS 

31 
35 
31 
38 
32 

32 
36 
35 
34 

31 
32 
35 
35 
29 

31 
16 
30 
33 
31 

31 
33 
36 
35 
29 

23 
21 
30 
31 
28 

16 
19 
20 
34 

20 

30 
30 

32 
32 
18 

24 
19 

22 
28 

22 

27 
32 
36 

6R 
fa 
fd 
65 
67 

65 
66 

2 

67 
63 
60 
64 
68 

69 
65 
65 
64 
69 

69 
71 
63 
70 
66 

69 
69 
69 
69 
70 

65 
68 
66 
66 

67 

70 
69 

67 
67 
64 

69 
69 

66 
65 

68 

69 
68 
68 

66 
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Figure 21 . Outdoor design temperature correction factor .  
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(For Klamath Falls: 

T = 4OF, CD = 0.74, and the peak heating load  = 23.5 x 1,800 = 42.3 x lo3 B t u / h r . )  

DD = 6,516 OF-days/year, current ou t s ide  design temperature, 

6 Btu 1 kwhr = 23,500 kwhr/yr 3,413 80.2 x 10 - Yr 

From the Klamath Fal ls  peak hea t ing  load, an expression can be developed t o  

determine the peak heating load fo r  any other area based on the residential  outside 

d e s i g n  temperature, T ,  and the dashed l ine in Figure 2 2 .  T h i s  relationship i s :  

PHL = 25 - 0.385 x T ( i n  Btu/hr/ft2) 

( i n  B t u / h r  fo r  an 1,800-ft2 house) = 45,000 - 693 x T 

Thus ,  the annual heating load relationship can be written as follows: 

SHL = 
(45,000 - 693 x T) x 24 x DD x CD 

( in  Btu/yr) 65 - T 

(13.2 - 0.203 x T )  x 24 x DD x CD 
- - ( i n  kwhr/yr) 65 - T 

Checking this relationship against available figures for  Walla Walla and 

Eugene, the resu l t s  are  as follows: 

1 .  Columbia REA (Walla Walla) use of 16,000 kwhr/yr estimated by BPA: 

( D D  = 4,835, T = 7 " F y  CD = 0.77) 

13.2 - 0.203 x 7) x 24 x 4,835 x 0.77 
65 - 7 SHL = ( 

= 18,146 kwhr/yr o r  approximately a +13 percent difference. 
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Figure 22. Design curves for heating and cooling loads. ' 

Curve De$crfp€ion 

A. Well insulated building (most rigid ASHRAE code design) 
B. "Normally" insulated modern building (R-19 ceiling, R-13 walls, double glazing) 
C. Older home (R-13 ceiling, frame construction--no wall insulation, single glazing) 
D. Poor insulation (no insulation, single glazing) 
E .  Newer commercial (65°F interior, 11  -foot ceiling) 
F. Average commercial (65°F interior, 11  -foot ceiling) 



2. Eugene's use of 16,310 kwhr/yr for  1,700- t o  1,800-ft2 home, and 21,184 kwhr /  

y r  f o r  1,800- t o  1,900-ft2 home (average of 18,747 kwhr/yr) i n  a survey by 

EWEB: * 
(DD = 4,739, T = 22"F, CD = 0.91) 

SHL = 113.2 - 0.203 x 22)  x 24 x 4,739 x 0.91 
65 - 22 

= 2  

These comparisons 

s ide ,  b u t  reasonable. 

,022 kwhr/yr o r  approximately a +12 percent difference. 

indicate our space heating load estimates are  on the h i g h  

The remaining energy use in an average residence i s  based on 1980 data from 

dPA. 

essent ia l ly  independent of location. 

following information: 

These include domestic water heating and other e l e c t r i c  appliances, which a re  

The  data fo r  these loads a re  based on the 

Domestic Water Heati ng 

Single-family residence: 4,360 kwhr/yr 

Mu1 ti-family residence: 3,229 kwhr/yr 

All other e lec t r ica l  load ( l i g h t s ,  appliances, e tc . )  

Si ngl e-fami ly residence: 7,667 kwhr/yr 

Mu1 t i  - f am i  l y  residence: 6,862 kwhr/yr 

Single-family residences account for  74.2 percent of the residences i n  the 

BPA market area,  and t h u s  a weighted average f o r  the above figures is :  

Domestic water heating: 4,068 kwhrlyr 

All other e l ec t r i c  load: 7,459 kwhr/yr 

This f igure for  water heating load reasonably agrees w i t h  PGE ' s  estimate of 

4,800 kwhr/yr fo r  an average family, and EWEB's estimate of 5,400 kwhr/yr fo r  an 

*€WEB = Eugene Water and Electric Board. 
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average family. A l l  other e lec t r ica l  load estimated by EWEB i s  7,200 kwhrlyr. 

FP&L* estimates Portland's domestic hot water usage a t  4.2 kwhr/day/person, o r  

4,292 kwhr/yr for  2 .8  persons. 

5,377 kwhr/yr fo r  water heating (by a l l  forms of energy), and 6,540 kwhr/yr f o r  

a l l  other e lec t r ica l  use fo r  an average house i n  the BPA market area (1971 data 

based upon 3.1 persons per dwe l l ing ) .  

the average was 4,785 kwhr/yr. 

marizing the load figures found in  their study. 

Rocket Research Company (1 979) estimates 

Considering only e l e c t r i c  hot water heat, 

Table 9 i s  reproduced from the Rocket report  sum- 

Using our estimates, the residential  energy load fo r  two ci t ies  i n  the north- 

west gives a range of space heating loads as follows: 

K1 amath Fa1 1 s Wall a Wal l a  

DD of heating ( O F )  6,516 4,835 

Total energy load 35,027 kwhrlyr 29,673 kwhrlyr 

Space heating load 23,500 kwhr/yr 18 , 146 kwhr/yr 

Percent space heating 67 61 

Percent water heating 12 14 

Percent others ( e l ec t r i ca l )  21 25 

The 1979 Rocket Research report gives a northwest regional average energy 

use f o r  residences of 74 percent f o r  space h e a t i n g ,  12  percent f o r  water  h e a t i n g ,  

and 14 percent for  a l l  other e lec t r ica l  use (1971 data) .  Rocket's space heating 

percentages a re  h i g h e r  than those used i n  this report ,  because trends since 1971 

have been towards better insulation and conservation, t h u s  reducing the space heat- 

ing component. 

The 1979 Rocket report a lso gave a range of energy consumption fo r  a typica 

residence. The values ranged from 50 t o  150 million Btu's per year (14,650 t o  

* PP&L = Pacific Power and Light Company. 
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43,950 kwhr/yr) with 80 million Btu's per year fo r  the study average (23,440 kwhr/yr). 

As i t  points out, this is  dependent upon age of the community, size of the homes, 

the degree of insulation, the a l t i t ude ,  the annual heating degree days, and the type 

of fuel used fo r  heating. 

The f ina l  factor  u t i l i z e d  f o r  the residential  calculations i s  the saturation 

3r capture r a t e  of e lec t r ica l  energy vs. foss i l  fuel .  The 1979 Rocket report gave 

data f o r  various subregions w i t h i n  the Pacific Northwest (see Table 10 and F i g -  

ure 23) based upon 1973 data. BPA 1980 data have revised these figures and i n -  

clude domestic water heating and e lec t r ica l  penetration ra tes  as well. The newer 

figures are  either based on s t a t e  averages, or degree days o f  heating and cooling. 

The 1980 BPA figures are: 

- Electrical  

Climate Annual Degree Days Percent Penetration Percent Penetration 
Zone Heating + Cooling(OF) o f  Water Heatinq of Space Heating 

I <6,000 

I1 6,000-7,000 

85.4 

91 .o 
45.6 

55.1 

I11 7,000-8,000 91 .o 44.5 

IV 78,000 

State  -- 

Idaho -_ -  
Montana --- 
Oregon --- 

52.6 

83.9 

37.5 ' 

84.1 

22.7 

39.7 

13.5 

42.1 

Washington --- 88.3 52.9 

A preliminary degree day map of the region is provided as Figure 24. The 

degree day l i s t  was used,for this report ,  except for Montana, where u n i q u e  energy 

use necessitated u s i n g  the s t a t e  rate.  
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(70) 

33 

24  

38 

1 

0.2 

I 

3 ’  
(%I 

3 7  

14 

3 2  

6 

0.1 

Heating 
Fuel 

(70) 

28 

13 

41 

4 

1 

Electricity 

Natural gas 

Fuel oil 

L-P gas 

Coal 

4 5  6 7 
(%I (70 )  (70) 

41 18 6 

16 31 30 

3 7  41 45 

- 3 2 4 

2 5 6 

TABLE 10. 
DISTRIBUTION OF OCCUPIED HOUSING UNITS IN SUBREGIONS OF THE 

NORTHWEST BY SPACE HEATING FUEL, 1970 

Regions 

8 
(70) 

13 

17 

51 

8 

6 

9 10 
(76) ($1 

7 14 

5 7  I4 

24 46 

6 10 

0.7 6 

1 1  
(7 ) 

7 

38 

38 

5 

I 2  
- 

27 

24 

35 

7 

0.2 
- 

Wash 
( 5 : )  

SOURCE: Hinman, George, Larry Kimmel. and John Wiesniewski, “Residential Energy Consumption in the 
Pacific Northwest, 197 I ” ,  Pullman, Washington (August 17, 1973).  
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Using the foregoing information, the following calculations can be made fo r  a 

geothermal resource area: 

1 .  Electr ic  space heating load: 

SHLl  = 

where: 

DD = 

T =  

P (13" - 0.203 x 24 x DD x CD x 2.8 x C h  65 - T 

1- 5 - T  x DD x c,, x P x c h  ( i n  kwhrlyr) 

(385*7  - 5'94 x DD x C D  x P x C h  ( i n  Btu/yr) 65 - T 

degree days o f  heating for  the area ( O F ) ,  

outside residential  design temperature ( O F )  , 

outside residential  design temperature correction fac tor  

for  the area,* 

saturation r a t e  for  e lec t r ica l  space heating, and 

population of area. 

2 .  Fossil fuel space heating load: 

1 - C h  
SHL2 = SHL1 x 

'h 

3 .  Electr ic  water heat ing  l oad:  

P WHLI = 4,068 x 2.8 x Cw 

= 1,453 x P x Cw ( i n  kwhr/yr) 

= 4.959 x lo6 x P x C, ( in  Btu/yr) 

where: 

C, = saturation r a t e  fo r  e lec t r ica l  water heating 

:%e Tdble 8 from Reference 12 and use the values under column 5 a t  99 percent. 
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4. Foss i l  fuel water  hea t  load:  

1 - cw 
cW 

WHL2 = W H L l  X 

To t a  

Tota 

Summary : 

Total  space  hea t ing  load:  

SHLR = SHLl + SHLZ 

water  hea t ing  load:  

WHLR = WHL1, + WHL2 

resi den t i  a1 hea t ing  1 oad: 

RHL = SHLR + WHLR 

Commerci a1 Use 

The commercial load f o r  space hea t ing  and domestic water  hea t ing  was d i f f i c u l t  

t o  determine a s  very l i t t l e  d a t a  a r e  a v a i l a b l e .  

t h a t  62 t o  68 percent o f  the energy consumed by the commercial s e c t i o n  was used for 

space  hea t ing  and domestic water  hea t ing .  The a r c h i t e c t u r a l  firm Skidmore, Owings, 

and Merr i l l  found i n  a BPA s tudy  t h a t  245,000 Btu/yr per u n i t  was an average f o r  

the t o t a l  energy consumed. A 1979 s tudy  by LLC Geothermal Consultants** f o r  a 

t yp ica l  commercial block i n  downtown Klamath F a l l s  c a l c u l a t e d  a space hea t ing  

rxnsuriipeioi? o f  4.34 BtuJft3/lrr of peak load ,  o r  34.7 B t u / f t 2 / h r  using 8- foot  

c e i  7 i n g s  . 

The 1979 Rocket report found 

Based an this loca l  experience and Figure 21, a value of  33 Btu/ft2/hr peak 

ht3al:ir;g load was a s s m e d  f o r  Klamath F a l l s  u s i n g  an o u t s i d e  des ign  temperature  of  

O'F. 

rorrectcci peak hea t ing  load of 28.4 Btu/ft2/hr is  obtained f o r  Klamath F a l l s .  

f h i s  g i w s  an annual use o f  (CDc = 0.78 f o r  an o u t s i d e  commercial design tern- 

per,iture o f  9OF).* 

\.\sing the current coinrnercial o u t s i d e  des ign  temperature  of 9°F (-13OC), a 

*See Tab le  8 from Reference 1 2  and use the values  under column 5 a t  97.5 pe rcen t .  
'k*Klamath F a l l s  Geothermal D i s t r i c t  Heating, The Commercial D i s t r i c t  Design In te r im 

Report ,  C i ty  o f  Klamath F a l l s ,  February, 1979. 
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28.4 B t u  x 24 h r  x 6,516OF x day x 0.78 
f t 2  x h r  x day x (65 - 9OF) x yr  SHL = - 

= 61,861 Btu/ft2/yr 

= 18.12 kwhr/ft2/yr 

From this peak heating load, an expression can be developed t o  determine the 

peak comnercial heating load f o r  any other area based on the commercial outside 

design temperature, Tc. T h i s  relationship is: 

PHL = 33 - 0.508 Tc ( i n  Btu/hr/ft2) 

Thus ,  the annual heating load relationship can be written as  follows: 

(33.0 - 0.508 Tc) x 24 x DD x CDC 
( i n  Btu/ft2/hr) 65 - Tc SHL = 

Based on 1970 data,  BPA found the various saturation or  capture rates t o  be: 

Electric - Gas - Fuel O i l  

23* 27.3 39.7 

72 1 .o 0 

33* 27.3 39.7 

100 0 0 

Percent space heating 

Percent space cool i ng 

Percent water heating 

Percent others 

*These ra tes  are assumA t o  have increased t o  25 and 35 percent respectively i n  1980. 

The  Urban Land Ins t i t u t e  estimates tha t  i n  United States  communities w i t h  less 

than 4,000 persons the area devoted t o  commercial land use is 1 acre per 1,000 per- 

sons and f o r  communities greater  than 4,000 persons, 0.75 acres per 1,000 persons. 

By allowing 20 percent o f  a commercial s i t e ' f o r  parking and common areas (nonheated 

fo r  regional correction be- a rea) ,  and reducing .the s i t e  area by another 20 percent 

low national averages, the heated space becomes: 

1.00 x 0.80 x 0.80 : 0.65 acres/l,000 populat on 4 4,000; 

0.75 x 0.80 x 0.80 : 0.50 acres/1,000 population > 4,000; 

o r  28.31 ft2/person and 21.78 ft2/person, respectively. 
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The water heating load calculations make the following assumptions: 

2 gal s/empl oyee/day , 
2 employees/l,OOO ft2 , 

= 4 gals/l ,000 ft2/day. 

Comparing to known residential use of: 

4,068 kwhr/yr/residence, 

30 x 2.8 = 84 gals/residence/day; 

therefore, commercial water heating: 

- - 4,068 kwhr x res x day x gals 
yr x res x 84 gals x 1,000 ft2 x day 

= 0.1937 kwhr/ft2/yr 

= 661 Btu/ft2/yr. 

Based upon the previous calculations, the following commercial heat 

can be determined for a geothermal area: 

1. Electric space heating load (saturation rate of 25 percent): 

(33.0 - 0.508 x Tc) 
SHL3 = 0.25 X - 65 - Tc x 24 x P x A x DD x CDc 

(198 - 3.05 x Tc) 
65 - T, - - x P x A x DD x CDc (in Btu/yr) 

ng loads 

(5.80 - 0.0894 x Tc) - -  - x x P x A x DD x CDc (in kwhr/yr) 65 - T, 
where: 

P = population of the area, 

A = 28.31 for P 4 4,000 

21.78 for P > 4,000, 

DD = degree days of heating (OF), 

T, = commercial outside design temperature ( O F ) ,  and 

= commercial correction factor for outside design temperature. ‘DC 
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2. Fossil fuel space heating load: 

SHL4 = 3.00 x SHL3 

3 .  Electr ic  water heating load (saturation r a t e  of 35 percent): 

WHL3 = 0.35 x 661 x P x A 

= 231.4 x P x A ( i n  Btu/yr) 

= 0.0678 x P x A ( i n  kwhr/yr) 

4. Fossil fuel water heating load: 

WHL4 = 1.857 x WHL3 

Sumnary : 

Total space heating load: 

SHLC = SHL3 + SHL4 

Total water heating 1 oad: 

WHLC = WHL3 + WHL4 

Total commercial heating load: 

CHL = SHLC + WHLC 

P u b l i c  and Inst i tut ional  Use 

T h i s  use includes municipal, county, s t a t e ,  and federal buildings, schools, 

churches, and fraternal  organizations. 

these fac i 's i t ies  have been made by BPA or  contractors such as Rocket. More t h a n  

l i k e l y  they a re  included i n  the commercial load figures. Based on local experience, 

the following estimates were made fo r  a community: 

To our knowledge, no separate estimates f o r  

P u b l i c  buildings 3 ft2/person 

Schools 22 ftZ/person 

Churches and fraternal  5 ft2/person 

Total 30 ft2/person 

Using the Klamath Fa l l s '  commercial heating r a t e  of 28.4 B t u / f t 2 / h r  peak load: 

30 x 28.4 = 852 Btu/person/hr. 
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For Klamath Fal ls ,  the annual r a t e  would be: 

852 x 24 x 6,516 x 0.78 
65 - 9 

= 1.856 x lo6 Btu/person/yr 

The peak heating load expression f o r  the p u b l i c  and ins t i tu t iona l  load for  

any other area based on the commercial outside design temperature, Tc, would be: 

PHL = 30(33 - 0.508 Tc) 

= 990 - 15.2 Tc ( i n  Btu/person/hr) 

T h u s  the annual heating load relationship can be written as follows: 

(990 - 15.2 x Tc)  x 24 x DD x CDC 
( i n  Btu/person/yr) . 65 - Tc SHL = 

The corresponding water heating r a t e  based on the commercial usage of 

661 Btu/ft2/yr would be: 

661 x 30 = 0.0198 x 106 Btu/person/yr 

Based on these calculations,  the public and ins t i tu t iona l  heating loads fo r  

an area a re  as follows: 

1. Electric space heating load (using the commercial saturation r a t e  of 

25 percent): 

(990 - 15.2 x Tc) 
- x 24 x P x DD x CDC 65 - Tc SHL5 = 0.25 X 

(5,940 - 91.2 x Tc) 
65 - T, 

- - -  - x PI x DD x CDc ( i n  Btu/yr) 

(1.74 - 0.0267 x Tc) 
x P x DD x CDc ( i n  kwhr/hr) - - -  

65 - Tc 

2. Fossil fuel space heating load: 

SHLg = 3.00 x SHL5 
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3. Electric water heating load (using the commercial saturation r a t e  of 

35 percent): 

WHLs = 0.35 x 0.0198 x IO6 x P 

= 6.930 x lo3 x P ( i n  Btu/yr) 

= 20.30 x P ( i n  kwhr/yr) 

4. Fossil fuel water heating load: 

WHL6 = 1.857 X WHL5 

Sumnary : 

Total space heating load: 

SHLp = SHL5 + SHL6 

Total water heating load: 

WHLp = SHL5 + SHLG 

Total pub1 i c  and ins t i tu t iona l  heating load: 

PHL = SHLp + WHLp 

A t  this point several approximations can be made t o  simplify the calculations:  

a .  The comnercial space and water heating load ranges from approximately 

4.1 percent of the residential  space and water heating load ( A  > 4,000) 

t o  5.3 percent ( A  < 4,000), or :  

CHL = 0.041 x RHL ( A  > 4,000) 

= 0.053 x RHL ( A  < 4,000) 

b. The public and ins t i tu t iona l  space and water heating load i s  approxi- 

space and water heating, or:  mately 5.6 percent of the resident ia l  

PHR = 0.056 x RHL 

c. The sum of the commercial and pub l i c  

from 9.7 t o  10.9 percent of the space 

erage around 10 percent, or: 

CHL + PHL :: 0.1 x RHL 
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Industrial  Load 

each 

i ng 

heat 

The industr ia l  process load was d i f f i c u l t  t o  determine accurately, since 

industry is  unique i n  s i z e  and energy use. The space heating and water heat- 

oad was not determined a s  t h i s  energy demand is probably met by internal waste 

and is  also insignif icant  when compared t o  other uses determined i n  this 

report .  

The d i rec tor ies  of manufacturers published by each s t a t e  government and 

the Dunn and Bradstreet Million Dollar Directory were used a s  the basic references. 

Each town near one of the composite geothermal resources was searched i n  the ref-  

erences, and industr ia l  plants grouped by Standard Industrial  Classif icat ion (SIC) 

codes were ident i f ied.  These SIC codes were then compared w i t h  a l i s t  prepared 

by G. Reistad a t  OSU (Table 11) t h a t  described SIC groups w i t h  geothermal potent ia l .  

The t o t a l  United States  energy use by each SIC code was available from ASHRAE and 

the to ta l  number of industries i n  each category was avai1able"from United States 

Department o f  Commerce SIC data. T h i s  information then gave an average energy con- 

sumption per plant i n  the United States (also i n  Table 11) .  Where possible, these 

energy consumptions were revised fo r  specif ic  locations based upon Rocket Research 

data and Montana and Idaho s t a t e  data. 

each SIC code industry was determined and compared w i t h  the adjacent geothermal re- 

source temperature. Using this temperature re la t ionship,  the percentage of the 

energy demand a t  each plant t h a t  could be s a t i s f i e d  by geothermal f l u i d  was e s t i -  

mated. 

S ta te  Wydrothermal Commercialization Baseline reports (see Table 1 2 )  and by per- 

sona? experience (see Agribusiness Study, Reference 4 ) .  The use of water- 

Finally, the process temperature range of 

These estimates were refined by information from the Idaho and Montana 

t o - a i r  heat pumps was considered f o r  the low-temperature geothermal resources. 

generalized formula was used t o  calculate  the industr ia l  load as each s i t e  was 

evaluated separately. 

No 
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TABLE 11. 

S I C  GROUPS WITH GEOTHERMAL POTENTIAL 

Q 

Standard 

- C1 ass i  f i c a t i  on 
' I n d u s t r i a l  S I C  

Product 

1012 

1l 
E 

u E 
p E 

D 

1474 

2C34 

2037 

1 2046 
2048 
2051 

?062 
2063 u E; 
E 
2086 

2421 

2435 

:!511 

251 2 ' 2611 
2621 
2631 

u 

Group 

Cooper ores 
Bituminous coa l  

and l i g n i t e  
Potash, soda & 

Borate minera l  s 
Meat packing p l a n t s  
P o u l t r y  dress ing 

p l a n t s  
Canned s p e c i a l t i e s  
Condensed & 

evaporated m i  1 k 
F l u i d  m i l k  
Canned f r u i t s  & 

vegetables 
Dehydrated f r u i t s  

& vegetables 
& soups 

Frozen f r u i t s  
& vegetables 

Wet corn  m i l l i n g  
Prepared feeds 
Bread, cake, & 

r e l a t e d  products 
Canesugar r e f i n i n g  
Beet sugar 
Soybean o i l  m i l l i n g  
Shortening & 

cooking o i l s  
M a l t  beverages 
D i s t i l l e d  l i q u o r  
B o t t l e d  & canned 

so f t  d r i n k s  
General sawmil ls & 

p lan ing  m i l l s  
Hardwood veneer & 

p 1 ywood 
Wood household 

f u r n i t u r e  
Upholstered house- 

ho ld  f u r n i t u r e  
Pulp m i l l s  
Paper m i  11 s 
Paperboard m i l l s  

Product Group 
Temperature 
Requdrement 

( F) 

250 

150-250 

250 
140 200 

140 
170-250 

160.250 
162.170 

180.250 

160-21 2 

170.21 2 
120.270 
180.1 90 

100 
11 0.265 
140.280 
1 60 300 

160.300 
170.300 
21 2.300 

75.1 70 

200 

250 

7 0 4  50 

70.1 50 
1500290 
150.290 
1 50 290 

Number To ta l  U.S. 
o f  U.S. Process Heat 

Companies Use by Group 
i n  Group* ( ~ 1 0 1 2  B tu /y r )  

45 

1001 

26 
1110 

31 5 
99 

169 
1003 

684 

113 

261 
54 

953 

1413 
28 
57 
75 

74 
94 
81 

1535 

1929 

277 

905 

851 
59 

339 
21 4 

1.7 

18.0 

1.03 
45.38 

3.16 
1.22 

8.67 
1.44 

5.16 

7.11 

5.27 
8.59 
2.28 

0.84 
31.16 
61.84 
16.41 

2.13 
15.82 
21.38 

2.43 

63.4 

50.6 

9.5 

2.3 
722.0 
722.0 
722.0 

Average Process 
Heat Use by 

Company 
(x lO1 B t u l y r  )- 

0.04 

0.02 

0.04 
0.04 

0.01 
0.01 

0.05 
0.001 

0.007 

0.06 

0.02 
0.16 
0.002 

0.0006 
1 .ll 
1.08 
0.22 

0.03 
0.17 
0.26 

0.002 

0.03 

0.18 

0.01 

0.002 
12.23 
2.13 
3.37 

* Inc ludes o n l y  companies w i t h  gross income exceeding $1 m i l l i o n  annua l ly .  
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SIC GROUPS WITH GEOTHERMAL POTENTIAL (continued) 

R 
R 

lassi f ication 
1SIC) Number 

2865 u 2819 

2821 u 2823 

Gs 2824 2834 

0 2841 
2869 n 2873 

2951 

3111 u 3241 
3271 

3273 
3275 
3295 u 3379 

3521 

371 1 

SIC 
Product 
Group 

Cyclic crudes & 
intermediates 

Industrial inor- 
ganic chemicals 

Plastic materials 
& resins 

Cellulosic man- 
made fibers 

Non-cellulosic 
organic fibers 

P ha rma ceu t i ca 1 
preparations 

Soap & other 
detergents 

Industrial organic 
chemical s 

Nitrogenous 
fertilizers 

Paving mixtures 
& blocks 

Leather tanning 
& finishing 

Hydraulic cement 
Concrete block 

& brick 
Ready-mixed concrete 
Gypsum products 
Ground & treated 

mineral s 
Metal coating & 

allied services 
Motors and 

generators 
Motor vehicles & 

car bodies 

Product Group Number Total U. S. A rage Process 

in Group* (x10I2 Btu/yr) (x10I2 Btu/yrl 

Temperature of U . S .  Process Heat Heat Use by 
Requdrement Companies Use by Group Company 

- ( F) 

250-300 

280 

190.21 5 

<250 

<212 

150.250 

180 

200 300 

290 

275.300 

90.140 
275.300 

165 
120.1 90 

300 

160.230 

130.1 90 

1 50 -300 

250 *300 

194 

51 7 

463 

22 

67 

44 5 

250 

449 

21 3 

544 

232 
189 

677 
1391 
93 

503 

497 

402 

156 

35.45 

113.2 

0.17 

23.5 

75.4 

19.9 

0.86 

27.0 

0.89 

88.1 

2.52 
8.0 

12.29 
0.34 
11.18 

13.26 

0.01 

0.18 

0.29 

*Includes only companies with gross income exceeding $1 million annually. n 

1 

0.18 

0.22 

0.0004 

1.07 

1.13 

0.04 

0.003 

0.06 

0.004 

0.16 

0.01 
0.04 

0.02 
0.0002 
0.12 

0.03 

0.0004 

0.002 
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F 5 0 0  IOIO 0 Iqo O 21000 2300 
1 1 1 I 

c 100 38O 66 O 93O 121O 149 O 

Leather 

1 
Food Rocessing 

Coal Drying 

Styrene 

I Furnlture 1 

Pickling 

I Textile Mil l  I 

0 Cane Sugar 

I Lumber I 

Distilled Liquor 

1 

table Drylng 

Alumlna 

1-1 1-1 Blanching and Cooking 

I Beet Sugar I Extractlan 

Sof t  Orinhi I 
SyMhetic Rubber I 

I Rubber Vulcanlzotionl 

Rarmaceutical 
Auto Claving 8 Clean-up 

I Organic Chemicok I 
Gyprm Drying. Concrete Block Cving 

Kaolin Drying Greenhousing 
0 66 O 

I 

t 
930 121O 1 4 9 O  

10 O 

5 8  O 1000 I50 O 2000 2500 300° 

. I . I 

APPLICATION TEMPERATURE (OF,Oc) 
_I 

TABLE 1 .  A p p l i c a t i o n  temperature ranges f o r  some i n d u s t r i a l  processes and 
a g r i c u l t u r a l  appl  i c a t i o n s .  
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A 

IIJDUSTRY 

Meat packing 
Prepared meats 
Natural cheese 

F l u i d  m i l k  

Canned f rui t s  
and vegetables 

Dehydrated f r u i t s  
and vegetables 

Potato dehydration 
granules 
f 1 akes 

Frozen f r u i t s  
and vege t ab1  es 

Wet corn mill ing 
Prepared feeds 

I 

pel 1 e t  condi t ioni  n 
a1 fa1 fa  drying 

Beet sugar 
S o f t  drinks 
Sawmills a n d  

A 1  umi na 
Soaps 
Detergents 
Concrete block 

1 ow pressure 
autoclaving 

planing mil ls  

ieady m i x  

- 
SIC 

Number 

201 1 

201 3 
2022 

2026 

2033 

2034 

2034 

2037 

2046 

2048 

206 3 
2086 

2421 ~ 

281 9 
2841 
2841 
3271 

32 73 

104°F- 
140" F 
40°C- 
60" C 

N A  

NA 
2 3% 

NA 

NA 

N A 

NA 
NA 

NA 

21.54 

NA 
NA 

NA 
60'. 31 

N A 
NA 
NA 
NA 

NA 
NA 

100% 

TABLZ 12. 

iND l iSTRIAL  PROCESS HEAT REQUIREMEN-S 

140" F- 
176°F 
60°C- 
80°C 

99% 

46.2% 
100% 

t i  A 

N A 

100% 

19.93 
19.94 

NA 

NA 
N A 

7.44 
100% 

NA 
NA 
N A 
NA 

100% 
NA 

1 76" F- 
21 2" F 
80°C- 

1 00" c 
100% 

61.52 

100% 

22.7% 

40% 
40% 

30% 

100% 
NA 

22.4% 

NA 
NA 

0.6% 
52.2% 

NA 

21 2" F- 
248" F 
1 C0"C- 
120°C 

100% 

67.6% 

5 3% 
53% 

100% 
36.4% 

NA 

NA 
NA 

NA 

248" F- 
284°F 
120°C- 
140°C 

100% 

46.6% 

NA 

95.4% 

N A 
76.2% 

NA 

284" F- 
320" F 

160°C 
140°C- 

NA 

100% 

NA 

320" F- 
356°F 

1 60°C- 
1 80" C 

84 .1% 

NA 

99.9% 

NA 

356°F- 
392°F 

200" c 180°C- 

100% 

NA 

100% 

392" F 

200" c - 

, 

100% 

100% 

100% 

100% 
100% 

- 

- 
4820f 

250°C 
7 

- 

100% 

100% 

cy 



According t o  the 1979 Rocket Research report, energy saturation or  capture 

ra tes  fo r  industr ia l  processing varied as follows: 

Purchased Purchased 
Elec t r ic i ty  Fossil Fuel Other* 

S ta te  Capture % Capture % Capture % 

Oregon 23.0 24.0 52.0 

Washington 30.5 34.7 34.8 

Idaho 24.8 41.1 34.1 

*Other fuel types generally involve the use of waste material generated 
i n  the plant,  such as "hog fuel ,"  and t h u s  economically could not be 
rep1 aced by geothermal energy. 

Since no other information i s  available,  these capture ra tes  a re  assumed t o  have 

remained constant, and t h u s  a r e  used fo r  this study. 

The following is  a sumary of the number of industries considered in each 

state and their geothermal energy replacement potential : 

Geothermal Replacement 
Electric Load Total Load No. of 

S ta te  Industries x lo9 Btu/yr x lo9 Btu/yr 

Oregon 73 

Washington 17 

692.4 

273.2 

3,010.5 

895.7 

Idaho 30 757.1 3,052.9 

Montana* - 16 42.9 114.0 

TOTAL 136 1,765.6 7,073.1 

*No data available on capture r a t e s  f o r  Montana, t h u s  values f o r  Idaho 
were used. 
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T h e  industrial  process heating loads 

calculated f o r  each s i t e  us ing  the follow 

1.  Electr ic  process heating load: 

IPLl = Ce x TPL 

where: 

replaceable by geothermal can t h u s  be 

ng re1 ations h i p  : 

Ce = capture r a t e  f o r  e l e c t r i c i t y  by s t a t e  i n  decimal form, 

TPL = t o t a l  process load corrected fo r  geothermal resource 

temperature replacement. 

2.  Fossil fuel process heating load: 

IPL2 = Cf x TPL 

where: 

Cf = capture r a t e  f o r  fos s i l  fuel by s t a t e  i n  decimal form. 

3 .  Total process heating load: 

IPL = IPLl 4- IPL2. 

Sample Direct Heat Load Calculation 

Using the composite resource s i t e  of L i t t l e  Yalley/Neal/Yale/W. Snake River 

i n  eastern Oregon fo r  our sample calculat ion,  the i n p u t  data a re  as follows: 

Population = 20,000 

DD = 5,726 

T = -1°F 

CD = 0.70 

cw = 0.910 

Ch = 0.551 

A = 21.78 

Tc = 6°F 

CDC = 0.76 

(primarily Ontario , Val e and Nyssa) 
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R 
u 

U 

1. Residential Loads: 

a.  Electr ic  space heating: 

385*7 5m94 T, X lo3 X DD X CD X P X c h  65 - T SHLl = ( 

138507 - 5*94 (-')I x l o 3  x 5,726 x 0.70 x 20,000 x 0.551 - - 
65 - (-1 

= 262.1 x lo9 Btu/yr 

b. Fossil fuel space heating: 

1 - c h  

'h 
SHL2 = SHLl x 

1 - 0.551 
= 262.1 x lo9 x - o.551 

= 213.6 x lo9 Btu/yr 

c .  Electric water heating: 

WHLl = 4.959 x lo6  x P x Cw 

= 4.959 x 106 x 20,000 x 0.910 

= 90.3 x lo9  Btu/yr 

d.  Fossil fuel water heating: 

1 - c, 
c w  WHL2 = WHLl X 

1 - 0.910 = 90.3 x 0.910 

= 8.9 x lo9 Btu/yr 

e. Residential Summary: 

Total space heating: 

' SHLR = 262.1 x l o9  + 213.6 x lo9 

= 475.7 x lo9  Btulyr 
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b 
8 
D 

w 

P 

Total water heating: 

W H L ~  = 90.3 x 109 + 8.9 x 109 

= 99.2 x IO9 Btu/yr 

Total residential hea t ing  : 

RHL = 475.7 x 109 + 99.2 x 109 

= 574.9 x lo9 Btu/yr 

2. Commercial Loads: 

a. Electr ic  space heating: 

(198 - 3.05 x T-) 
L x P x A x DD x CDc 65 - Tc SHL3 = - 

- - (198 - 3.05 x 6 )  
65 - 6 

= 5.8 x lo9 Btu/yr 

b. Fossil fuel space heating: 

SHL4 = 3.00 x SHL3 

= 3.00 x 5.8 x lo9 

= 17.3 x lo9 Btu/yr 

x 20,000 x 21.78 x 5,726 x 0.76 

c .  Electric water heating: 

WHL, = 231.4 x P x A 

= 231.4 x 20,000 x 21.78 

= 0.1 x lo9 Btu/yr 

d.  Fossil fuel water heating: 

WHLb = 1.857 x WHL3 

= 1.857 x 0.1 x lo9 

= 0.2 x lo9 Btu/yr 
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n e. Comnercial summary: 

u 
u 
R 
B 
D 

Total space heating: 

S H L ~  = 5.8 x 109 + 17.3 x 109 

= 23.1 x lo9 Btu/yr 

Total water heating: 

W H L ~  = 0.1 x 109 + 0.2 x 109 

= 0.3 x lo9 Btu/yr 

To t a l  commerc i a 1 heat i ng : 

CHL = 23.1 x 109 t 0.3 x 109 

= 23.4 x lo9 Btu/yr 

3. Public and Inst i tut ional  Loads: 

a. Electr ic  space heating: 

(5,940 - 91.2 x Tc) 
x P x DD x CDC 65 - Tc SHLS = - 

- - (59940 - 91'2 6, x 20,000 x 5,726 x 0.76 65 - 6 

= 8.0 x lo9 Btu/yr 

b. Fossil fuel space heating: 

SHL6 = 3.00 x SHL5 

= 3.00 x 8.0 x lo9 

= 23.9 x lo9  Btu/yr 

c. Electric water heating: 

WHL5 = 6.930 x lo3 x P 

= 6.930 x lo3 x 20,000 

= 0.1 x lo9 Btu/yr 
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d. Fossil fuel water heating: 

W H L G  = 1.857 x WHLS 

= 0.3 x lo9 Btu/yr 

e. Pub l i c  and ins t i tu t iona l  summary: 

Total space heating: 

S H L ~  = 8.0 x 109 t 23.9 x 109 

= 31.9 x lo9 Btu/yr 

To t a l  water heating : 

W H L ~  = 0.1 x 109 t 0.3 x 109 

= 0.4 x lo9 Btu/yr 

Total public and 

PHL = 31.9 x 

= 32.3 x 

i nsti t u t i  onal heati ng : 

109 t 0.4 x 109 

lo9 Btu/yr 

Industrial Process Load (Source: Oregon Directory 
Ontario-Nyssa): 

SIC Code Energy 
(No. o f  Consumption 

- Industries) x 10l2 Btulyr 

2011 ( 2 )  
2026 (1) 
2033 (1) 
2048 ( 2 )  
2051 (1) 
2063 (1) 
2075 (1) 
2421 ( 2 )  
2951 (1) 
3273 (3 )  
- 3295 ( 2 )  

0.08 
0.001 
0.007 
0.004 
0.0006 
1.08 
0.22 
0.06 
0.16 
0.0006 
0.06 

Total : 17 industries 1.6732 = 
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o f  Manufacturers l i s t  fo r  

Process 
Temperature 

OF 

140-200 
162-170 
180-250 
180-190 

100 
140-280 
1 60- 300 

200 
275-300 
1 20- 190 
160-230 

1,673.2 x lo9 Btu/yr 



Since  the re source  temperature  i s  es t imated  t o  vary from 315O t o  370°F 

(Table 7 ) ,  a l l  o f  the i n d u s t r i a l  process  energy requirements have the p o t e n t i a l  

of  being s a t i s f i e d  by the geothermal resource ,  and t h u s  the energy consumption t o t a l  

will n o t  be ad jus t ed  a s  i nd ica t ed  i n  Table  12. The economics of  conversion a r e  not  

ii cons ide ra t ion  a t  this po in t .  

Ida po ta to  p l a n t ,  r e s u l t e d  i n  a nonproductive geothermal well, w i t h  adequate  tem- 

p e r a t u r e ,  b u t  inadequate  f l u i d  flow. 

needs for this p l a n t  could be s a t i s f i e d  from a well d r i l l e d  near  Vale by p i p i n g  

the f l u i d  t o  Ontar io  through a 15-mile p ipe l ine .  

Recent d r i l l i n g  experience i n  Ontar io ,  a t  the Ore- 

However, there is a p o s s i b l i t y  o f  the energy 

The  i n d u s t r i a l  energy load c a l c u l a t i o n s  a r e  a s  fol lows:  

1 .  Electric process  load:  

I P L l  = Ce x TPL 

= 0.230 x 1,673.2 x lo9 

= 384.8 x lo9 Btu/yr 

2. Fossil fuel process  load: 

IPL2 = Cf x TPL 

= 0.240 x 1,673.2 x lo9 

= 401.6 x lo9 Btu/yr  

3 .  Total  process  hea t ing  load: 

IPL = I P L l  + IPL, 

= 384.8 x lo9 + 401.6 x lo9 

= 786.4 x lo9 Btu/yr  
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Sumnary of Sample S i t e  Enerqy Conversion Loads 

Residential 574.9 x lo9 Btu/yr 

Comnercial 23.4 x lo9 Btu/yr 

Public and Inst i tut ional  32.3 x lo9 Btu/yr 

Industrial  786.4 x lo9 Btu/yr 

Total 1,417.0 x lo9  Btu/yr 

This i s  the to ta l  energy use ( i n  1980) w i t h i n  approximately 25 miles of the 

resource tha t  can be replaced by geothermal energy. 

of present e lec t r ica l  load and 665.8 x lo9 Btu/yr of present foss i l  fuel load. 

All that  remains i s  t o  project the development schedule through the year 

T h i s  includes 751.2 x lo9  Btu/yr 

2000. 

T h i s  projection will be addressed i n  a subsequent section and is  shown i n  Tablel3.  

T h i s  will include an estimated 6 percent growth over the 20-year period. 

Obviously, not a l l  of the potentially replaceable energy will be converted 

t o  geothermal by the year 2000. Retrof i t  cost ,  load concentration, ease o f  sup- 

ply, community support, and other legal , ins t i tu t iona l ,  and environmental factors  

will a f f ec t  conversion. The geothermal resource itself is not a l imitat ion since 

164.1 x 10l2 Btu/yr a re  available as indicated i n  Table 7 .  In addition, a potential 

of 906 We can be developed, w i t h  250 MWe estimated t o  be developed by the year 2000. 

One comment tha t  should be made a t  this point is the relationship between 

annual load and peak load. The  peak space heating load will vary from three t o  s i x  

times of the annual load (using the same time reference) fo r  most sites i n  the Pacific 

Northwest. The high r a t e  will apply t o  low degree-day sites (Eugene)* and the lower 

number t o  h i g h  degree-day si tes (Stanley-Challis),* for comparison, Klamath Falls* 

has a factor  of 5. T h u s ,  f o r  our eastern Oregon sample s i te ,  the annual space heating 

r a t e  i s  532.7 x lo9 Btu/yr or 60.6 x lo6  B t u / h r ,  whereas the peak r a t e  is  approximately 

*The corresponding degree days of heating for each s i t e  i s  4,739, 10,700, and 
6 , 51 6 , respecti vel y. 
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365 x lo6 B t u / h r  o r  6.0 times the average ( s e e  formula on page 95) .  The  resource  

can s t i l l  meet this load;  however, the f e a s i b i l i t y  of designing a geothermal sys-  

tem t o  meet the peak vs. only  a po r t ion  of  the peak will have t o  be eva lua ted .  

The space  hea t ing  po r t ion  accounts  f o r  about 37.5 pe rcen t  of the t o t a l  load  i n  

example. The remaining load ,  water  hea t ing  and i n d u s t r i a l  use, would have a peak 

and average energy load  of approximately the same. 

d u s t r i a l  load would have a h igher  percentage of space heat ing and t h u s  a higher 

r a t i o  of peak t o  average load.  

S i t e s  w i t h  less o r  no i n -  

S imi l a r  c a l c u l a t i o n s  of the 1980 d i r e c t - u s e  load a r e  made f o r  each of  the 

52 composite si tes i n  the BPA market a r ea .  These figures a r e  given i n  Table  13  

and a r e  presented a s  e l e c t r i c a l  load and t o t a l  load  ( e l e c t r i c a l  p l u s  f o s s i l ) .  

These loads ,  summarized here by s ta te ,  a r e  the loads t h a t  a r e  co loca ted  w i t h  a 

geothermal resource  and could be replaced by geothermal energy. The loads  lo-  

c a t e d  i n  a r e a s  where the resource  i s  of hea t  pump p o t e n t i a l  a r e  reduced t o  3/4 

of  the o r i g i n a l  t o  a l low f o r  the e l e c t r i c a l  energy necessary t o  r u n  the compres- 

s o r s .  The s t a t e  summaries a r e  a s  fol lows:  

1980 Direct-Use Load x lo9  Btu/yr 

No. of  
Total  -- S t a t e  S i t e s  E l  ec tr i c a l  Fossi 1 

Northern C a l i f o r n i a  2 106 78 184 

Idaho 19 8,333 7,948 16,281 

Western Montana 8 856 3,842 4,698 

Northern Nevada 3 37 37 74 

Oregon 12 2 , 968 2 , 670 5,638 

Was h i  ng ton - 9 3,521 -- 3,122 6,643 

Total  53* 15,821 17,697 33,518 

*Two si tes sp l i t  a long s t a t e  boundaries.  
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Resource 
No. 

OREGON 

177-1 79 
180 
181 -1 83/OR1-2 
186/187/0R9 
189/0R8 
190/191 
193/194/0R5-6 
196-1 99/0R7 
201 /OR3 
202-204/ID9a 
GB KGRA/OR4 

---I TOTAL 
i O S R l  

N 
cn 
i NEVADA 

130-132/NV2,5 
167/NV4 
i 6 8 / r w  

TOTAL 

CALIFORNIA 

034/035/CA1 
036/038/CA2 

TOTAL 

1980 
Load Area 

Populat ion 

9 , 300 
1,500 
6,150 

45,000 
3 , 500 

125 
6,000 

40 
20 Y 000 
20 , 000 

15 
10,000 

121 , 630 

40 
7 00 

1,300 
2,040 

1,200 
3,700 
4,900 

--__ 

% Pop. 
Growth 

1980-2000 

30 
19 
40 
17 

( -5 )  
( - 5 )  

1 
1 

20 
6 

29 
( -5 )  

TA~LE 13. 
GEOTHERMAL LOAD AND DEVELOPMENT SCHEDULE 

1980 D i r e c t  
Use Load 

x 109 B tu /y r  
( e l e c t r i c )  t o t a l  

359 
51 

256 
1889 

228 
5 

290 

929 
1417 

21 4 
5638 

-- 

-- 

-- 
26 
48 
74 
- 

43 
141 
184 

D i r e c t  Use Development Schedule 

1985 

40 
25 
10 

280 
50 
0 

10 

l o  
100 

l o  
535 

-- 

-- 
_I 

-- 
0 

10 
10 
- 

5 
10 
15 
- 

x 109 
1990 

80 
45 

100 
450 
100 

5 
40 

50 
200 

50 
1120 

-- 

-- 
- 

-- 
5 

25 
30 
- 

10 
20 
30 

t u / y r  
1995 

150 
50 

150 
7 50 
150 

5 
75 

125 
500 

125 
2080 

-- 

-- 
- 

-- 
l o  
40 
50 
- 

15 
30 
45 
- 

2000 

200 
55 

2 00 
1200 
200 

5 
100 

250 
1000 

-- 

-- 
200 . 

341 0 

-- 
15 
50 
65 
- 

20 
50 
70 

E l  ec. Power Development Sched .* 



TABLE 13. 
GEOTHFRMAL LOAE AND DEVELOPMENT SCHEDULE 

Resource 
No. 

I DAH0 

I D8 
ID9b 
I D9c 
114/ID9eY9f 
ID12/GL KGRA 
ID1 3 
08 7 
091 
093/094 
095 
099-1 02/ID9d 

' 104/105 
107/108/ID3 

cn 109-112/IDlO 
' 115 

11 6 /117/ ID l l  

I P  KGRA 
WSRl 

118-121 

TOTAL 

GJASH I NGTON 

MA2 
WA 3 
WA4 
WSRl 
WRS2 

NSR5 
212/MB KGRA 
MS KGRA 

TOTAL 

WSR3-4 

1980 
Load Area 

Popul a t i  on 

7,500 
150,000 
50 , 000 
56 , 000 

6 , 000 
68 , 000 

800 
1,500 
7,000 
5 , 500 

10,000 
4,000 
2,700 
1,500 

300 
15,000 
4,500 

26 , 000 
416,300 

-- 

70,000 
20 , 000 
45,000 
12,000 

110,000 
8,000 
1,000 

0 
0 

266,000 

x Pop. 
Growth 

1980-2000 

45 
59 
38 
23 
36 
37 

7 
25 
21 
21 
28 
12 
92 

24 
21 
31 

24 

(-17) 

-- 

21 
27 
12 
10 
21 
10 
25 
38 
27 

1980 D i r e c t  
Use Load 

( e l e c t r i c )  t o t a l  
x l o 9  Btu /y r  

369 
5033 
2053 
2305 

270 
2541 

44 
50 

235 
184 
370 
161 
141 

53 
11 

788 
159 

1514 
16281 

-- 

21 65 
590 
948 
279 

241 8 
21 0 
33 -- 
-- - 

6643 

D i r e c t  Use Development Schedult 

1995 1985 

10 
250 

50 
50 
10 
50 

5 
0 

100 
0 

50 
10 
50 

0 
20 
25 
10 

0 
10 

7 00 
- 

100 
100 

50 
30 
50 
50 
0 -- 

-- - 
350 

1990 

50 
600 
200 
100 

50 
200 

10 
5 

150 
5 

100 
40 

100 
10 
35 
75 
30 

0 
100 

1860 
- 

250 
150 
100 

50 
200 
100 

20 -- 
-- - 

870 

120 
1500 

350 
300 
100 
400 

20 
10 

200 
10 

175 
60 

150 
20 
50 

150 
50 
0 

200 
3865 

500 
250 
250 
100 
400 
200 

25 -- 
-- 

1725 

2000 

200 
2500 

750 
600 
150 
600 
40 
20 

220 
15 

250 
80 

180 
30 
80 

300 
100 

0 
350 

6465 

800 
3 50 
400 
150 
700 
300 
25 -- 
-- 

2725 

Elec.  Power Development Sched.' 
MWe 



Resource 
NO. 

MONTANA 

126/MT4/MSRlO 
MT5jl28 
MT7 
123/124 
125 
129/MTlO 
MSR46 
MSR5O 

TOTAL 

1980 
Load Area 

Popul a t i  on 

18,000 
30,000 
25,000 
35,000 

2,000 
2,000 
2,000 
9,000 

123,000 

% Pop. 
Growth 

1980-2000 

(-11) 
0 

TABLE 13. 
GEOTHERMAL LOAD AND DEVELOPMENT SCHEDULE 

1980 D i r e c t  
Use Load 

x lo9  Btu /y r  
( e l e c t r i c )  t o t a l  

722 
11 93 

926 
1294 

86 
72 
71 

334 
4698 

33518 

D i r e c t  Use Development Schedule 
x l o 9  B tu /y r  

1985 

10 
10 
50 

100 
10 

5 
20 

5 
21 0 
- 

1990 

50 
50 

100 
300 

25 
10 
35 
15 

585 
- 

1995 

100 
100 
250 
500 
40 
15 
50 
25 

1080 
- 

2000 

150 
150 
400 
800 
50 
20 
60 
50 

1680 
- 

Elec. Power Development Sched: 
MWe 

*Number i n  parentheses a re  s i t e s  w i t h  r e s e r v o i r  data i n d i c a t i n g  temperatures l e s s  than 302°F (150°C). However, 
based on p o s i t i v e  i n t e r e s t  ( l eas ing  and/or d r i l l i n g )  by development companies; p o s i t i v e  est imates by EPRI ,  
B. Greider,  and s t a t e  energy o f f  ices;  and p o t e n t i a l  low temperature power generat ions equipment development, 
these s i t e s  a re  f e l t  t o  have a feas ib le  development p o t e n t i a l .  More d e t a i l e d  r e s e r v o i r  data a re  needed t o  
determine t h e  resource p o t e n t i a l .  



P 

P 

!J 

Q 
U "  

These loads a re  annual loads; the peak space heating load's component would 

vary from three t o  six times the average based on the e a r l i e r  discussion. 

The direct-use loads a re  summarized by u t i l i t y  i n  Table 14. The u t i l i t i e s  

are grouped by "preference" and "nonpreference" ( i  nvestor-owned) . The number 

of s i t e s  w i t h i n  each u t i l i t y  jur isdict ion i s  estimated t o  the nearest quarter 

(see Table 7 ) .  Within each u t i l i t y ,  the direct-use load i s  summarized as t o  

e lec t r ica l  load and foss i l  fuel load t h a t  can be replaced by geothermal energy 

under res ident ia l ,  commercial, public, and industr ia l  categories.  The total  

iildicates t h a t  80 percent of the load i s  due t o  residential  use, 3 percent t o  

commercial, 4 percent t o  public, and 13 percent t o  industr ia l  (26,676 x l o 9 ,  

1,086 x lo9 ,  1,484 x lo9 ,  and 4,270 x lo9 Btu/yr respectively).  Detailed load 

figures for  each s i t e  a re  tabulated i n  the appendix. 

Electrical  Loads 

As mentioned e a r l i e r  i n  this section, e lec t r ica l  power generated from geo- 

tnermal energy can be transm'itted great distances,  t h u s  eliminating the need 

f o r  the producer and consumer t o  be colocated. T h i s  is especially important i n  

the northwest, as many o f  the potential high-temperature geothermal resources are  

located in isolated and re la t ive ly  unpopulated areas. 

USGS Circular 790 l i s t s  16 hydrothermal s i t e s  above 302°F (150°C) t h a t  are  

located w i t h i n  the 6PA marketing area. 

t h a t  have potential for  thermal energy. State  geothermal personnel in turn have 

ident i f ied s ix  more potential s i t e s  not  shown in the USGS tabulation. The total  

of 39 s i t e s  a l l  have potential fo r  geothermal e l e c t r i c  power generation.* Due 

t o  environmental constraints ( locations i n  national parks or scenic areas) only 

In a d d i t i o n ,  17 igneous systems are  l i s t e d  

*The hydrothermal s i t e s  are generally considered having  a bet ter  poss ib i l i ty  for 
development, especially i n  the near term. 
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TABLE 14. 

E l e c t r i c a l  ( F o s s i l  Fuel )* 
DIRECT-USE LOAD SUMMARY BY UTILITY 

No. o f  
To ta l  I ndus t r i a1 Pub1 i c  Resident i a1 

(x109 B tu /y r )  (x109 B t u / y r )  (x109 B tu /y r )  (X109 Btu/Yr)  ( x l  O9 B tu /y r )  
Comerc i a1 U t i  1 i ty S i t e s  

BPA Preference Customers 

Benton Co. PUD 3/4 876 (778) 16 (49) 23 (67) 2 ( 3 )  917 (897) = 1,814 
C1 earwa t e r  Power Co . 1 /2  121 (76)  2 (6) 3 (8 )  88 (145) 214 (235) = 449 
Columbia REA 1 /2 228 (199) 4 (13)  6 (17) 3 ( 3 )  241 (232) = 473 
Consumers Power . 1/4 42 (40)  1 (2 )  1 ( 3 )  0 44 (45) = 89 

I F a l l  R i v e r  REC 1 151 (416) 6 (18) 8 (24) 62 (103) 227 (561) = 788 
;;; Grant Co. PUD 1 266 (168) 4 (13) 6 (18) 54 (62) 330 (261) = 591 

I Harney Elec.  Coop 1 107 (102) 2 (7 )  3 (9 )  32 (28) 144 (146) = 290 
W 

Lane Co. E lec.  Coop 

Mi l ton-Freewater  City 
P r a i r i e  Power Coop 

R a f t  R ive r  REC 
Rich land City & L i g h t  
Salmon R ive r  E.C. 

Skamania Co. PUD 

Surp r i se  Val 1 ey E. C. 

1 

3/4 
1 /2  

1 

1 /4  
1 

1 

3 

95 (87)  

76 (66)  
15 (10)  

292 (259) 
5 ( 5 )  

33 (95)  

99 (99)  
104 (69) 

28 (29) 

3 ( 3 )  
0 
0 

1 ( 1 )  
0 

0 
0 

127 (130) = 257 
82 (74)  = 156 
15 (12)  = 27 

306 (298) = 604 
36 (105) = 141 

104 (113) = 217 
108 (81) = 189 

5 (5) = 10 

153 (689) = 842 
Wel ls REC 2 35 (33) 1 (2)  1 ( 3 )  0 37 (38) = 75 

Sub to ta l s  16 3/4 2,672 (3,124) 57 (176) 81 (234) 280 (388) 3,090(3$22) = 7,012 

V i g i l a n t e  Elec.  Coop i 1/4 127 (622) 8 (24) 11 (32) 7 (11) 



TABLE 14. 
( c o n t i  nued ) 

No. o f  
U t i l i t y  S i t e s  Resident i a1 Comerc i a 1 Pub1 i c I n d u s t r i a l  To ta l  

(x109 B tu /y r )  (x109 B tu /y r )  (x109 B t u / y r )  (X109 Btu/Yr)  ( x l  O9 B t u l y r )  
BPA Mon -Preference Customers 

C a l i f o r n i a  PUC 1 346 (327) 
Idaho Power Co . 11 3/4 6,756 (4,937) 

Montana Power Co. 6 3/4 582 (2,838) 
P a c i f i c  Power & L i g h t  4 3/4 2,217 (1,512) 
Por t1 and G. E .  3/4 125 (120) 
Puget Scund P & L 1 16 (14)  

I Utah Power & L i g h t  2 175 (163) - Washington Water & Power 1 1/2 364 (227) . . .  
W -37d4'' ,' gj&$.+- 
O bleiser City P 98 (63)  

Subto ta ls  30 1/4 10,679 (10,201) 

10 (29)  

164 (490) 
49 (146) 
52 (154) 

3 (10)  

0 (1 )  
5 (14)  

8 (25)  
2 ( 7 )  

215 (638) 293 (376) 

92 (97) 455 (474) = 929 

762 (1,027) 7,801 (6,810)=14,611 
36 (60) 703 (3,150)= 3,853 

369 (404) 2,676 (2,183)= 4,859 
0 131 (138) = 269 

0 16 (16)  = 32 

206 (223) = 429 

263 (434) 641 (704) = 1,345 
0 102 (75)  = 177 

1 ,544 (2,058) 12,731 (13,773) = 26,504 

22 (36)  

TOTALS 47** 13,351 (13,325) 272 (814) 374 (1,110) 1,824 (2,446) 15,821 07,695) 

26,676 1,086 1,484 4,270 33,516 

*Each column i s  d i v i d e d  i n t o  e l e c t r i c a l  replacement p o t e n t i a l  and f o s s i l  f u e l  replacement p o t e n t i a l  ( i n  parentheses).  

**Six a d d i t i o n a l  s i t e s  a re  no t  inc luded i n  these f i g u r e s  as they have o n l y  e l e c t r i c a l  p o t e n t i a l .  

10-23-80 



a to ta l  of 19 s i t e s  was selected for  evaluation. A summary by s t a t e  is  as 

Number of S i tes  
USGS USGS State  Total 

State  >302OF Igneous I denti f i ed - Po tent i a1 

Northern Cal i forni a 1 1 0 2 

Idaho 2 4 3 9 

Western Montana 0 0 0 0 

Northern Nevada 3 0 0 3 

Oregon 8 9 1 18 

Northern Utah 0 0 0 0 

Wash i ng t o n  1 2 2 5 

2 

Total 16 17 6 39 

-- 1 1 0 -- Western ljyomi ng 

follows: 

S i tes  
Eva1 uated 

1 

7 

0 

1 

7 

0 

3 

0 

19 

Each s i t e  was then evaluated as t o  to ta l  potential and the estimated on-line 

development by the year 2000. 

i ions w i t h  s t a t e  geothermal representatives, Bureau of Land Management person- 

nel ,  and our own experience. Several s i t e  estimates were verified by independent 

estimates made by R .  Greider (Reference 21) and EPRI (Reference 2 2 ) .  

of  the potential  and year 2000 development estimates a r e  summarized by s t a t e ;  

the de t a i l s  are  given i n  Tables 7 and 13. 

These figures were arrived a t  based on conversa- 

A summary 
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USGS 
or  State  Year 2000 

Estimates of Estimated 

S ta te  

Northern California 

Idaho 

Western Montana 

Northern Nevada 

Oregon 

Northern Utah 

Washington 

Western Wyoming 

Total 

Poten t i  a l  Development 
MW e '*e 

No. o f  
Sites 

Probable Possible* 

1 1,490 (0) 100 

7 376 (1,700) 425 

0 0 (0) 0 

1 136 (0) 100 

7 1,291 (750 1 7 50 

0 0 (0) 0 

-- 0 0 -0 0 

I9 3,293 (3,050) 1,675 

*"Possi bl  e" figures do - n o t  i ncl ude "probable" figures. 

T h u s ,  a to ta l  of 51 percent of the probable e lec t r ica l  potential and 26 

percent of the possible and probable e lec t r ica l  potential (including the igneous 

systems) i s  estimated t o  be developed by the year 2000. 

Development Schedule 

1 .  Direct Use. 

The data developed e a r l i e r  in th i s  section on the potential for  con- 

verting existing e lec t r ica l  and foss i l  fuel t o  geothermal a re  presented in 

Table 13. Based .+ on population growth, community in te res t ,  legal and en- 

vi ronmental constraints,  and development costs, a development schedule was 

estimated over the next 20 years a t  5-year increments and i s  tabulated i n  

Table 13. Population growth was based on BPA county growth data.  If geo- 

thermal development a ready existed a t  a s i t e  o r  was presently under act ive 
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consideration, the development schedule would obviously be accelerated. 

Areas estimated t o  experience large growth increases would probably de- 

velop geothermal f a s t e r  t h a n  those of low growth ra te  as i t  i s  eas ie r  t o  

design new f a c i l i t i e s  for  geothermal use t h a n  r e t r o f i t  existing f a c i l i t i e s .  

Areas having a h i g h  percentage o f  e lec t r ica l  space heating use would be 

converted t o  geothermal a t  a slower ra te  t h a n  those w i t h  h i g h  foss i l  fuel 

use. 

heating t o  a geothermal system (forced a i r  o r  hot water). As mentioned 

e a r l i e r  only 26 percent of e l e c t r i c  heating i s  by e l e c t r i c  furnace, the 

remainder being resistance heating. 

verted t o  geothermal similar t o  foss i l  fuel furnaces. 

This is  caused by the d i f f i cu l ty  of converting e l ec t r i ca l  resistance 

The e l e c t r i c  furnace can be con- 

A graphical presentation of the development schedule for each s t a t e  

is  shown i n  Figure 25. 

near the year 2000. Beyond the year 2000, the r a t e  of increase will proba- 

b ly  slow, as the market becomes saturated,  creating a S-shaped curve. 

more favorable the development atmosphere, based on the variables men- 

tioned, the closer the development schedule curve will approach the d i -  

rect-use load value (allowing for popula t ion  changes). 

trends are shown i n  Figure 26, illustrating both a hypothetical favora- 

ble and poor development schedule. 

The ra te  of growth s t a r t s  low and increases f a s t e r  

The 

These development 

In many cases, spec i f ic  s i t e  reports were available from s t a t e  agen- 

c ies .  These detailed analyses of the geothermal resource, community and 

possible development r e s t r i c t ions ,  were incorporated into our development 

schedule estimates. 

t o  i n i t i a l  assumptions. Finally,  s t a t e  and local people working on geo- 

thermal development were contacted t o  confirm projection assumptions and 

trends. 

Older reports were updated based on recent changes 
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Since no formal or hard-and-fast rule  could be developed for  these 

projections, the specif ic  numbers a re  subje t t o  variations.  

trends, these figures should be updated periodically--at l e a s t  every f ive  

years. 

To verify 

T h e  present nonelectric geothermal use and projected use f o r  each 

s t a t e  is  summarized below: 

1980* - Sta te  

Northern California 0.1 

ldaho 79.7 

Mestern Montana 11.1 

Nwthern Nevada 0 

Cregon 257.2 

Northern Utah 0 

Washington 13.5 

Western Wyoming 1.6 

Total 363.2 

Development x lo9 Btu/yr 
1995 -- 1990 

15 30 45 

7 00 1,860 3,865 

21 0 585 1,080 

10 30 50 

535 1,120 2,080 

0 0 0 

380 870 1,725 

0 0 0 

1,850 4 , 495 8,845 

- 1985 - 

*Reference: Geothermal Progress Monitor, USDOE (DOG/RA-0051/4) 

2. Electrical Power. 

2000 

70 

6,465 

1,680 

65 

3,410 

0 

2,725 

0 

14,415 

The e lec t r ica l  power potential and estimated development schedule 

a re  shown i n  Tables 7 and 13 for  each composite s i t e .  

e lec t r ica l  generating s i t e  coming on line in the Pacific Northwest i s  a t  

Raft River i n  southern Idaho where a 5-MWe p i lo t  plant i s  under construc- 

The only geothermal 

t ion.  

s t ruc t ion ,  thus a t  l e a s t  a lead time of eight years will pass before any 

No other s i t e  i n  the BPA marketing area i s  under design or  con- 
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additional power will be generated (except f o r  possible small-scale 

well head generators). For this reason, no new power on 1 ine is shown 

u n t i l  1990.* 

and 100-MWe increments, w i t h  a t o t a l  of from 200 t o  400 We being the 

min imum t h a t  will economically j u s t i f y  i n t e r e s t  i n  a site.** Some s i t e s  

may s t a r t  w i t h  20 MWe i n  order t o  shorten the time t o  begin a return 

on the investment and t o  give investors a completed project.  

In general, power plants a r e  constructed in 50- to  55-MWe 

T h i s  idea 

i s  being proposed a t  the Roosevelt s i t e  i n  Utah and by NORNEV a t  the 

Dixie Val ley s i t e  in Nevada (we1 1 head generator). 

Other s i t e s  such as those near environmentally sensi t ive areas or  

areas of limited resource information, will be developed slower, and t h u s  

not come on l i ne  u n t i l  1995 o r  2000. 

Almost a l l  s i t e s  will be developed beyond the year 2000, the up-  

per l imi t  depending upon the resource potential and energy uses. 

In general, s t a t e  and federal geothermal people agreed f a i r l y  closely 

Some. w i t h  the proposed development schedule, especially a t  the year 2000. 

of these figures were i n  agreement w i t h  those proposed by R .  Greider i n  

Reference 21 and EPRI i n  Reference 22. 

Two other developments t h a t  may accelerate the use o f  geothermal en- 

ergy fo r  e l ec t r i ca l  power generation should be mentioned. These are  units 

designed t o  use resource temperatures lower than 300°F (149°C) and hybrid 

uni ts  designed t o  use a secondary fuel such a s  wood waste t o  boost low- 

temperature geothermal resources. The low-temperature units will probably 

be of a binary cycle design of low capacity ( l e s s  than 50'MWe); however, they 

*Reference: See EPRI l e t t e r  in Appendix. 
**Reference: Geothermal Investment and Pol icy Analysis w i t h  Eva1 uation o f  Cal i forni a 

and Utah Resource Areas, DOE/RA/4713-1, October, 1979 (Reference 2 3 ) .  
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will  allow some sites t h a t  have previously been rejected due t o  low-tempera- 

ture and/or estimated capacity, t o  be reevaluated for development. This i s  

especially true of remote sites t h a t  could provide power t o  i r r iga t ion  pump- 

i n g  d i s t r i c t s ,  small ranching comnunities, isolated industr ia l  sites, e tc .  

The in t e re s t  i n  this type of u n i t  appears t o  be presently based on inquir ies  

f o r  technical assistance a t  the OIT Geo-Heat Center. 

( l e s s  than 1 We) a re  presently i n  use i n  China, using resources as low as 

15OOF (66OC). 

booster fue l ,  i s  already on the design board. For example, Geo Products of 

Oakland, California,  is  presently considering a plant fo r  the Wendel/Amadee 

area near Susanville, California,  and Magma Power Company is considering a 

plant us ing  wood chips f o r  the Surprise Valley area of northeastern California.  

Units of this type 

The  hybrid system, u s i n g  wood o r  agr icul tural  waste as the 

These two developments will cer ta inly enhance the production of elec- 

t r i c a l  energy from lower-temperature geothermal f l u i d s .  

(based on temperature) should not be completely eliminated from future con- 

s ide ra t i  ons fo r  devel opment . 

Thus  , marginal s i t e s  

Detailed Description of Geothermal Resource Si tes  

Referring t o  Tables 7 and 13, the following is  a br ief  description of the 

potential  for  geothermal development a t  each s i t e .  

1 .  Oregon 

a .  Hood/Carey/Breitenbush: The northern portion of the Oregon Cascades 

appears t o  have excellent potent ia l ,  both fo r  e l e c t r i c  power generation 

and nonelectric use. 

resource is  available,  due t o  lack o f  access and masking by cold ground 

water. 

Unfortunately, only 1 imi ted information on the 

I 

Some exploration i s  taking place on M t .  Hood, w i t h  a proposed 

project t o  p4pe hot water t o  Portland for space heat ing and one t o  heat 
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Timberline Lodge. 

resources; however, exploration and access will be d i f f i c u l t .  

potential could include space heating for  the Willamette Valley from 

Deep d r i l l i n g  i s  l ike ly  t o  discover high-temperature 

Future 

Salem t o  Portland. 

Kahneetah: 

ervation. 

b.  A limited resource located on the Warm S p r i n g s  Indian Res- 

I t  has the potential t o  supply the Kahneetah Lodge complex 

and the nearby town of Warm Spr ings .  

c .  Belknap/Foley/McCredie: The center por t ion  o f  the Oregon Cascades ap- 

pears t o  have the same general potential as the northern por t ion .  Both 

e lec t r ica l  power production and d i rec t  use appear possible. Active i n -  

t e r e s t  i s  presently being shown a t  Oakridge for d i s t r i c t  heating, and 

there i s  a future potential t o  heat the Eugene area. 

d .  Klamath Falls/Klamath Hills:  Approximately 500 wells already e x i s t  in 

the area which are being used for  space heating and some industrial  pro- 

cessing. A large commercial greenhouse operation and aquaculture pro- 

j e c t  is located south o f  town. In the immediate future a d i s t r i c t  heat- 

i n g  project and an ethanol plant will be constructed. There appears t o  

be 1 i t t l e  potential for e l ec t r i c  power generation. 

e .  -- Lakeview: Some use i s  presently be ing  made o f  geothermal energy f o r  

A d i s t r i c t  heating project i s  space heating and greenhouse heating. 

presently being considered. Recent i n t e re s t  appears t o  p o i n t  towards 

e l ec t r i c  power potential n o r t h  o f  town, where a gradient o f  64"-85OF/ 

700 f t  has been measured. 

f .  Crump's/Fisher: Very l i t t l e  potential for d i rec t  use due t o  lack of 

population. A limited po ten t i a l  for e lec t r ica l  power generation. 
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g.  Crane/Harney: Direct-use potential only, w i t h  the communities of Burns 

A large lumber operation and Hines being candidates fo r  space heating. 

is  located a t  Hines. 

a r e  presently d r i l l i n g  four temperature gradient holes i n  the area. 

h .  Alvord/Mickey/Borax/Trout: One of the best prospects for e l e c t r i c  power 

Oregon Department o f  Geology and Mineral Industries 

generation. 

May be a problem w i t h  development due t o  strong environmental opposi- 

t ion.  R. Greider estimates 200-MWe on-line by the year 2000. 

Litt le potential f o r  d i r ec t  use due t o  lack of population. 

i .  Medical/Craig-Cove: Historical use of several locations i n  this area 

including resorts  f o r  medical purposes and a recently constructed a l -  

cohol plant.  Low-temperature use a t  Cove fo r  greenhouses, a swimming 

pool, and hog farm. An i n t e re s t  has been expressed f o r  space heating i n  

La Grande. I f  a resource does not ex i s t  under the c i t y ,  i t  probably can 

be piped from Hot Lake located t o  the south. 

j .  L i t t l e  Valley/Neal/Vale/W. Snake: Probably the best geothermal prospect 

i n  the s t a t e .  

ploration and d r i l l i n g  i n  the surrounding area. 

well was d r i l l ed  a t  Ontario for  the Ore-Ida potato processing plant.  

tensive i n d u s t r i a l  application potential i n  agr icul ture  as well as  space 

Historical use a t  Vale for  space heating and act ive ex- 

A recent low-producing 

Ex- 

heating load. 

erat ion.  

k .  Glass Butte: An extensive igneous system, related t o  the Brothers 

I t  i s  a lso an excellent potential for  e l e c t r i c  power gen- 

R. Greider estimates 300-MWe on-line by the year 2000. 

Fault zone, t h a t  appears to  have e lec t r ica l  power potent ia l ;  however, 

knowledge o f  the resource i s  limited. No direct-use load potential .  

P h i l l i p s  Petroleum Company has done some exploration i n  the area; how- 

ever, i n t e re s t  does not appear as strong today. 
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1. Mil ton-Freewater: A low-temperature resource as  indicated by shallow, 

warm wells i n  the area. 

Washington. 

i n g  and some i n d u s t r i a l  processing. 

Also related t o  the Walla Walla resource i n  

I t  has potential fo r  heat pump applications fo r  space heat- 

Note: Newberry-Caldera area appears to  have excellent potential  f o r  e l e c t r i c  

power generation ( u p  t o  740 MW,); however, i t  is presently not be- 

i n g  considered due t o  environmental l imitat ions and r e s t r i c t ions  by 

the s t a t e .  

in the area. 

USGS i s ,  however, carrying on an act ive d r i l l i n g  program 

Nevada 

a .  

b. 

C. 

Bal tazor/Dyke/Pinto: An isolated location w i t h  potential f o r  e l e c t r i c  

power generation. Limited leasing ac t iv i ty ;  however, subsurface tem- 

perature estimates appear good. 

- Mi neral/Jackpot: 

f o r  space heating of several small communities. 

Hot Sulfur/Wells: A moderate temperature resource w i t h  potential t o  

space heat the community of Wells. 

way t o  evaluate the direct-use potent ia l ,  including one to  use the ex is t -  

i n g  water d i s t r i b u t i o n  1 ines f o r  t r a n s p o r t i n g  geothermal f l u i d s .  

A moderate- t o  1 ow-temperature resource w i t h  potential 

Several act ive projects are  under- 

Mote: Potential for  space heating ex i s t s  just outside of the BPA market 

area a t  Winnemucca and Elko. 

3 .  California 

a .  Surprise/Ft. Bidwell: An excellent potential  fo r  e l e c t r i c  power pro- 

In te res t  has been ex- duction and d i r ec t  use i n  the Surprise Valley. 

pressed f o r  ethanol production and d i s t r i c t  heating a t  F t .  Bidwell. A 

good chance of near-term development of a hybrid e l e c t r i c  power plant 

u s i n g  wood chips (Magma Power Company) w i t h  a large future  po ten t i a l  

( u p  t o  1,490 MW,). 

- 141 - 



b. Kelly/W. Valley: 

and the c i t y  of Alturas. 

large output a t  Kelly Hot Spr ings ,  the most act ive one being greenhouse 

heati ng . 

Two major areas f o r  d i r ec t  use are  a t  Kelly Hot Springs 

Several projects have been proposed for  the 

4 .  Idaho 

a. 

b. 

C .  

d .  

e. 

Ketchum: A low-temperature resource w i t h  excel lent potential fo r  space 

heating o f  this growing resor t  area. 

i n  obtaining access t o  the resource under private ownership. 

near-term development poss ib i l i t i e s ,  w i t h  numerous (65) condominiums, 

homes, and businesses presently being heated. 

- Boise Front: 

i n g  i n  the country is located on Warm Springs Avenue i n  Boise. Recent 

developments include the heating of several s t a t e  b u i l d i n g s  and a pro- 

posed large-scale d i s t r i c t  heating project i n  downtown Boise. There ap- 

pear t o  be excellent prospects f o r  continuation of the space heating de- 

velopments i n  the area,  especially i n  the near term. 

Nampa-Caldwell: 

Snake River P l a i n  system. 

severa l  w e l l s  i n  t h e  area i n d i c a t e  t h e  p o t e n t i a l  for space h e a t i n g  and 

f o r  use i n  the a rea ' s  numerous food processing plants.  

Some d i f f i cu l ty  has been encountered 

Excellent 

One of the oldest  d i r ec t  uses of geothermal for space heat- 

A low-temperature resource as  par t  of the extensive 

L i t t l e  i s  known of the resource; however, 

BanburylHollisterlArtesian: 

located near Twin Fa l l s .  

ent ly  has been developed a t  B u h l  (aquaculture) and a t  the College of 

Southern Idaho i n  Twin  Fa l l s .  Limited use fo r  space heat i n  the future.  

Blackfoot/Grays Lake: 

A low- t o  moderate-temperature resource 

Active in t e re s t  and use of geothermal pres- 

Located i n  the overthrust  or intermountain se i s -  

mic b e l t  of eastern Idaho, i t  i s  probably one of the more favorable 
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prospects i n  the s t a t e .  

tu re  o f  400°F (204°C) has been measured. 

however, exploration data suggests a large heat source. 

e l e c t r i c  s i t e  a s  well as  some d i rec t  use f o r  space heating a t  Soda 

Spr ings  . 
Pocatello: 

and has some potential  fo r  space heating. There appears t o  be limited 

potential  t o  meet some o f  the industrial  processing needs of the area. 

Energy Services Company i s ,  however, under contract t o  Great Western 

f o r  a barley malting project u s i n g  geothermal. 

Based on a dry o i l  and gas well , a tempera- 

Cold water does mask the s i t e ;  

A potential  

f .  The low-temperature resource is  located north of the town 

g. Riggins:  A resource located about six miles from town. Limited space 

heating potent ia l .  

h .  Cabarton: Located near Cascade, the resource has limited space heating 

potent ia l .  

i . Crane-Cove/Weiser: Two separate locations having potential f o r  e l e c t r i c  

power generation. S i t e  space and marginal temperatures may l imi t  de- 

velopment; however, both a re  considered the leading candidates fo r  de- 

velopment i n  the s t a t e .  Direct use was made a t  Weiser for  greenhouses 

and a swimming pool (now closed).  The  town of Weiser has t h e  p o t e n t i a l  

f o r  a d i s t r i c t  heating project and Crane-Cove Creek is being considered 

f o r  an ethanol p l a n t  s i t e .  

j .  Roystone: Located near Emmett, i t  i s  a good s i t e  f o r  industr ia l  de- 

velopment as well a s  sat isfying space heating needs of Emmett. Recent 

work indicates there may be a potential, fo r  e l e c t r i c  power generation 

s imilar  t o  Raft  River. 

duction i n  1981. 

An ethanol p l a n t  project  i s  s la ted t o  s t a r t  pro- 
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Latty/Radio/Gravel/Bruneau-Grand View/Mt. Home: 

is  available on the f i rs t  three s i t e s ;  however, the Bruneau-Grand View 

area is  the la rges t  moderate-temperature resource i n  the country. Ex- 

ce l l en t  potential  f o r  space heating such a s  a t  Grand View where a s i t e  

has been selected fo r  a 3,000-foot deep well. 

pressed f o r  several i n d u s t r i a l  process projects near M t .  Home, as well 

as a t  the M t .  Home Air Force base. 

- Owl Creek/Big Creek: 

vironmentally sensi t ive area. The s i t e  does have the potential fo r  elec- 

t r i c  power generation and t o  supply heat t o  a nearby new cobalt  and mo- 

Very 1 i t t l e  information 

In te res t  has been ex- 

Located in a national fores t  area,  i t  i s  an en- 

lybdenum mine. The town of Salmon is about 25 miles away, b u t  cou 

considered f o r  geothermal space heating. Salmon does have a local 

temperature resource. 

Sunbeam/Slate/Stanley-Challis: An area adjacent t o  and pa r t i a l ly  

d be 

1 ow- 

n the 

Sawtooth National Recreation Area. The two towns tha t  a re  not limited 

by environmental consideration for  using the resource fo r  space heating 

a re  Stanley and Challis. Stanley has a h i g h  resor t  growth potential and 

Challis will house the workers fo r  a new molybdenum mine. Stanley has 

completed a d i s t r i c t  heating s tudy,  b u t  lacks funds  t o  d r i l l  a well. 

Magic/Worswick/Wardrop/Barron's/Carnas: T h i s  area has a potential fo r  i n -  

dustr ia l  development including an industr ia l  park and ethanol project.  

Magic Reservoir is  considered f o r  e l ec t r i ca l  power generation, b u t  has 

marginal temperature indications.  

Raft River: 

f i ve  wells up t o  6,000 f ee t  deep. Numerous experiments dealing w i t h  

agr icul ture ,  aquaculture, industr ia l  and e lec t r ica l  applications are  

Geothermal research i s  being conducted a t  this s i t e  u s i n g  
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being conducted a t  the s i t e .  

construction on l ine .  There i s  future potential f o r  industr ia l  and 

agricul tural  development i n  the area,  including an ethanol plant. 

Ashton/Newdale: 

par t  of the s t a t e .  

process use; however, there is a large,  shallow, cold water aquifer making 

the geothermal resource hard to  find. 

produced temperatures less  than expected. 

potent ia l .  

Maple/Riverdale/Wayland (Bat t le  Creek)/Squaw: 

Company) i n  the Preston area of southeastern Idaho indicates potential 

f o r  a high-temperature resource. 

potential and limited space heating use. 

Island Park: 

ment, b u t  the resource i s  masked by shallow, cold water. 

the recharge area fo r  the Snake River Plain aquifer,  and t h u s  will have 

less  heat t h a n  Yellowstone. Development may be limited due to  environ- 

mental constraints--the proximity t o  Ye1 lowstone National Park. For 

t h i s  reason, power-on-line w i l l  probably be delayed. 

Lewiston: 

Snake River in Clarkston, Washington. I f  the resource can be developed 

by the use of heat pumps, there is  a large space heating and industr ia l  

process load  t ha t  can be sa t i s f i ed .  Unfortunately, l i t t l e  is known of 

the extent and character of the resource. 

A 5-MWe binary p i l o t  power p l a n t  is under 

Located near Rexburg and Sugar City i n  the eastern 

I t  has potential to  be used fo r  space heating and 

Current d r i l l i n g  near Rexburg has 

Ashton may have e l ec t r i ca l  

Recent d r i l l i n g  (Sun Oil 

The area a l so  has industr ia l  processing 

T h i s  area has good potential for e l e c t r i c  power develop- 

The s i t e  i s  

The 1 ow-temperature resource is  probably 1 ocated across the 

Note: The Snake River Plain is a major geothermal resource area making a 

crescent-shaped sweep across southern Idaho from Ye1 1 owstone Park 

t o  Vale, Oregon. The high-temperature areas are  located along the 
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margin of the plain.  A t  these points,  such as a t  Vale, Oregon; 

Weiser, Idaho; and Yellowstone, the s t ructure  is faul t -control led,  

allowing h i g h  temperatures (300"-350°F = 149"-177"C) t o  be reached 

a t  shallow depths .  

resource i s  estimated t o  be around 10,000 f ee t  i n  depth. 

-area temperature is not a problem; however, a f a u l t  or flow contact 

In the center of the plain the high-temperature 

In this 

is needed t o  provide water (the problem w i t h  the Ore-Ida and INEL 

wells). 

temperatures up  t o  11O"-15O0F (43"-66OC) can be expected. 

A t  shallow depth, if  a f racture  or  aquifer i s  present, 

(t 

5. Washington 

a .  

b .  

C. 

d .  

Yakima: Pa r t  of the Columbia Basin where above-normal ground water 

temperatures and geothermal gradients are  c o m n .  Although the re- 

source is not hot enough t o  be used d i rec t ly  for  space heating or  i n -  

dustr ia l  processing, i t  can be economically u t i l i zed  by boosting the 

temperature through the use of heat pumps. 

fo r  near-term development. 

devel op the resource. 

Ephrata: Part  of the Columbia Basin w i t h  potential and charac te r i s t ics  

similar t o  Yakirna. Use o f  t h e  c i t y ' s  domestic water and heat pumps fo r  

space heating i s  a lso being considered. 

Walla Walla: 

resource i n  Milton-Freewater, Oregon. 

Clarkston: A low-temperature resource located along the Snake River. 

Very l i t t l e  i s  known abou t  the character is t ics  and extent,  except for 

some information from a few shallow wells. 

supply heat t o  Lewiston, Idaho, across the river. 

appear t o  be w i t h i n  the heat pump application range. 

I t  has excellent potential 

Studies are  presently being undertaken t o  

S imi l a r  i n  nature t o  Yakima and Ephrata. Related t o  the 

I t  has the potential t o  

The temperatures 
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f .  N .  Bonneville/Carson: Two separate hot spr ing  locations have the po- 

Prosser: S imi la r  i n  nature t o  Yakima, Ephrata, and Walla Walla. 

providing energy f o r  space heating of these communities along 

a River. North Bonneville is presently being relocated, t h u s  

t en t i a l  o f  

the Columb 

g e o t he rma 1 

There i s  s 

heating systems can be incorporated into the new buildings. 

me question as t o  whether the resource will f i na l ly  prove t o  

be above or below 100°F (38°C). 

rec t ly  f o r  heating and be more economical t o  use. 

would requi re  heat pumps. 

King County: A resource located on the Green River t o  the eas t  of 

Sea t t le .  Lit t le is  known of the resource; however, Burlington Northern 

Above 100°F (38°C) i t  can be used d i -  

Below 100°F (38°C) 

g.  

Company i s  act ively investigating the area fo r  e l e c t r i c  power use. I f  

the resource proves t o  be large,  i t  could provide space heat fo r  the 

Sea t t le  area i n  the future.  

h .  Baker H.S./Mt. Baker: A high-temperature resource in the Cascades. I t  

has an excellent potential for e l e c t r i c  power generation; however, en- 

vironmental constraints may delay development. , 

i. M t .  S t .  Helens: Another high-temperature resource in the Cascades tha t  

has  excellent e l e c t r i c  power potential .  

will  delay development--however, the resource is  obviously present. 

The recent volcanic ac t iv i ty  

Note: The Columbia P1 ateau 1 ow-temperature ground water is probably the 

best  geothermal resource i n  the s t a t e ,  especially fo r  near-term de- 

velopment. There i s  evidence tha t  i t  may extend as  f a r  north as 

Spokane. 

6 .  Montana 

a .  Gregson/Warm/Anaconda: Three separate resources, a l l  hav ing  good po- 

t en t i a l  fo r  development. Presently Gregson Hot S p r i n g s  has a resor t  
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u s i n g  geotherinal, and Warm Spr ings  has a s t a t e  hospital being redeveloped 

f o r  geothermal space heating. A t  Anaconda, the temperature of the re- 

source limits applications i n  the smelting operation; however, i t  m i g h t  

be used t o  thaw ore i n  railroad cars dur ing  the winter (natural gas is  

presently being used). 

the plant may be closing. 

Unfortunately, a recent news release indicated 

b. Pipestone/Barkel's (Si lver  S tar ) :  Barkel's Hot S p r i n g  is an isolated 

s i t e  which may limit development. Pipestone is  a lower-temperature re- 

source w i t h  a potential t o  supply heat to  space heat portions of Butte. 

c .  Bozeman: 

Even though the resource is  four miles from town, the development i s  

expanding towards the hot springs which will  reduce transmission costs.  

Broadwater/Alhambra: 

two s i t e s ,  and t h u s  has less  potential for  development. 

the resource is also limited. 

A good resource f o r  space heating use i n  the town of Bozeman. 

d .  Alhambra Hot Springs is  the more isolated of the 
\ 

Information on 

Broadwater Hot Springs is about three 

miles from Helena, t h u s  i t  has excellent potential  for space heating 

tha t  c i ty .  Presently the h o t  s p r i n g  heats several houses and a health 

club, and plans t o  heat a new subdivision are  being discussed. 

e .  Boulder: A good potential fo r  this resource is t o  provide heat for the 

town o f  Boulder about two miles away o r  to  supply an adjacent industr ia l  

park. 

the area. 

USDOE i s  presently involved i n  a resource assesment program in 

f. --I__ Ennis (Thexton): The hot tes t  known resource in Montana w i t h  excellent 

direct-use potential .  The adjacent town of E n n i s  can be developed for 

geothermal space heat. Virginia City, about 15 miles away, has a po- 

t en t i a l  f o r  long-term development. 

resource. 

Some USGS work has been done a t  the 
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White Su l fu r :  The local community of White Sulfur Springs has encouraged 

the development of this resource for space heating. A t  present the local 

bank and motel are  being heated. The aquifer appears t o  be f a i r l y  large.  

Hunters: 

t en t i a l  in Springdale. 

Big Timbers located a t  greater distances from the resource. 

One of the hot tes t  resources i n  the s t a t e  w i t h  direct-use po- 

Future use may provide heat t o  Livingston and 

Note: Most of the resource i n  Montana i s  located i n  the eastern par t  of 

the s t a t e .  The western por t ion  has no large-point source loads, thus 

most of the end-use projects will be small and spread out .  The ma- 

j o r i t y  o f  the resources are located on private land, w i t h  none a t  

present h a v i n g  e l e c t r i c  power generation potential .  
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In order t o  accelerate the ident i f icat ion and u t i l i za t ion  of geothermal 

resources, various development s t ra teg ies  have been implemented by federal and 

s t a t e  governments. The  in ten t  of these e f f o r t s  is sumnarized as follows: 

1 .  To ident i fy  and quan t i fy  resources not yet  located and confirmed, and 

t o  reduce the uncertainties associated w i t h  resource energy estimates; 

To a s s i s t  i n  the research and development of new technology which may 

expand the usable resource base while reducing costs ,  and therefore lead 

t o  more rapid commercialization; 

2. 

3 .  To streamline regulatory processes, such as leasing and permitting, i n  

order t o  speed project implementation; 

To increase s i t e  specif ic  outreach and planning, i n  order t o  create  aware- 

ness of the resource and assist i n  near-term project implementation; 

5. To assess the environmental impacts of geothermal energy tha t  may impede 

4. 

resource development, i n  order to  es tabl ish appropriate regulations and 

monitoring procedures, and t o  develop control technology; and 

6.  To encourage capital  investment, through public and private risk-sharing, 

reducing front-end costs ,  and other economic incentives designed t o  ac- 

ce le ra te  geothermal ut i1  ization. 

The federal government sponsors a variety of research, demonstration, and 

cost-sharing programs intended t o  achieve the foregoing objectives. 

of U.S. DOE f u n d i n g  fo r  these programs i s  reproduced i n  Table 15. 

Current levels 

Direct economic incentives administered federal ly  include a personal income 

t a x  c r ed i t  of 40 percent of.geotherma1 equipment cos t ,  up t o  a maximum c red i t  of 

$4,000, fo r  res ident ia l  i n s t a l l a t ions ;  a 15 percent business investment energy tax 
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TABLE 15. 
Funding Leveis for Ceolhennal Energy Programs 

FY 1979 through FY 1981 

GEOTHERMAL ENERGV 

. HYDROTHERMAL RESOURCES 
Resource Definltlon 
Non-Electrlc Applicatlons 
Environmental Control 
Facillties 
Capital Equipment 

~ Totel Hydrothermal Resources 

HYDROTHERhAAl 
COMMERCIALIZ \TION 

Planning End Analysls 
Private Sector Development 
Total Hydrothermal 
Commercialization 

Program Coordination 
fiesource Definition 
Engineerlng AppllCEtlOnS 
Environmental Co,ntrol 
Facikttes * ,  
Capital Equipment 

GEOPRESSURED RESOURCES 

Total Geopressured Resources 

GEOTHERMAL TECHNOLOGY 
DEVELOPMENT 

Compononi Technology 
Oevelapment 
Drilling and Completion 
Energy Conversion 
Reservolr Stirnulatlon 
Geochemical Engineering and 
Matermls 
Geosciences 
Subtotal Component 
Developmen1 

Hot Dry R o c k  
Capital Equipment 
Total Geothermal Technology 
Oevelopment 

TOTAL GEOTHERMAL ENERGY 

ACTUAL 
FY 1078 

26,183 
10,238 
1,859 

22,968 
1,232 

02,460 

5.239 
4,410 

9,649 

1,192 
24,455 

551 
0 

111 
26,381 

72 

- 

5,432 
9,344 
4,442 

7,071 
8,477 

34,760 

15,077 
1,479 

51,322 

149,812 

BUDQET AUTHORITY 
(DOLLARS IN THOUSANDS) 

ESTIMATE 
M 1980 

13,406 
12,200 

1,300 
33,694 

800 
61,400 

5,000 
4.860 

8,880 

882 
32,328 

839 
1,650 

0 
300 

38,OOo 
- 

7,000 
7,100 
3,000 

3,600 
4.200 

24,900 

2,100 

41 ,000 

- 
14,000. 

148.269 

- 151 - 

ESTIMATE 
FY 1981 

19,398 
16.000 
2,800 

15,002 
0 

53,OOo 

5,040 
4,860 

10,Ooo 

2,200 
31 ,000 

800 
1,700 

0 
200 

36,OOo 
- 

8,250 
1 2 . m  
4,500 

5.005 
7,835 

38.390 
13,500 
1,110 

~ , O O o  

152,000 

INCREASE 
(DECREASE) 

5.992 
3,800 
1,300 

(18,692) 
(800) 

(8.400) 

00 
100 



c r e d i t  fo r  geothermal equipment, i n  addition to  the regular 10 percent investment 

c red i t ;  and a well depletion allowance and allowable intangible d r i l l i n g  cost  

deductions. 

also major federal incentives, acting t o  reduce the risks associated w i t h  major geo- 

thermal projects by cost-sharing d r i l l i n g  and insur ing  up  t o  70 percent of project 

costs .  

loan programs which may be used t o  fund  geothermal projects.  

DOE'S User-Coupled Drill i n g  and Geothermal Loan Guarantee Programs are  

In addition t o  DOE,  several other federal agencies a l so  of fe r  grant and 

A sumnary of federal grant and loan programs follows: 

1 .  DOE: Program Research & Devel opment Announcement (PRDA) 

Program Opportunity Notice (PON) 

User-Coup1 ed Drill i ng Program (SCA) 

Appropriate Technology Grant Program 

Inst i tut ional  B u i l d i n g s  Grant Program 

Business and Industrial  Loans & Grants 

Community Faci 1 i ty  Loans 

3 .  EDA: Pub1 i c  Works and Development Fac i l i t i e s  Grants 

Business Development Loans 

4.  HUD: Community Development Block Grants 

Urban Development Action Grants 

5. SBA: Business Development Loans 

S ta te  governments a re  a l so  implementing various incentives. For example, 

i n  Oregon the following measures have been established: 

1. Income tax c red i t s  are available t o  homeowners, renters ,  landlords, con- 

t r a c t  purchasers, and builders,  fo r  25 percent of the cost  of geothermal 

systems u p  t o  $1,000 per dwelling; this c red i t  can also be claimed f o r  

connection to  a geothermal d i s t r i c t  heating service;  

2. FmHA: 
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2.  Geothermal systems are exempted from property tax values; and 

3 .  Business income tax c red i t s  a re  available,  for  35 percent o f  the cost  

of geothermal equipment, claimed over a five-year period. 

In addition, the Oregon Energy Department has sponsored i t s  own small g r a n t s  pro- 

gram, i n  order t o  a s s i s t  local communities w i t h  f e a s i b i l i t y  s tudies  and implemen- 

ta t ion  measures. 

s imilar  programs t o  a s s i s t  l oca l i t i e s .  

The s t a t e s  o f  Montana, Idaho, and Washington have undertaken 

In addition t o  these existing incentives, several s t a t e s  a re  considering new 

measures for  even greater  resource enhancement. 

Geothermal Task Force has proposed the following incentives: 

For example, Oregon's recent 

1.  An additional 20 percent business tax c red i t  fo r  geothermal industries 

locating i n  remote geothermal areas;  

Establishment of a s ta te- level  depletion allowance and intangible d r i l l i ng  

cost  deductions; 

Establishment of a dedicated geothermal development fund  fo r  a i d i n g  ex- 

ploration and u t i l i za t ion  through low-interest loans, t o  be capitalized 

w i t h  the s t a t e ' s  share of federal geothermal leasing revenues; 

2. 

3 .  

4. Inclusion o f  geothermal research and development, and construction work 

i n  p rogress ,  i n  p u b l i c  u t i l i t y  r a t e  bases; 

Inclusion of ground water heat pumps a s  e l ig ib l e  systems f o r  res ident ia l  

and business tax c red i t s ;  

Exemption of cer ta in  small-scale, nonelectric geothermal projects from 

PUC ju r i sd ic t ion ;  and 

Deferment of property taxes on a geothermal project u n t i l  power or  Btu's 

a re  on-line. 

5. 

6 .  

7, 

Nevada and other s t a t e s  a re  considering similar provisions f o r  increasing geothermal ' s  

economic at t ract iveness .  
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VI. _RECOWENDED PILOT PROJECTS 

. 
Five general projects are ident i f ied t h a t  should  be considered by BPA t o  

encourage geothermal development i n  t h e i r  market area. 

and are  not  s i t e  spec i f ic .  

under each Section t h a t  are  within BPA's preference customer service area. 

j e c t s  costs and energy savings are a lso determined where appropriate. The f ive 

These projects are generic 

Where appropriate, a number of s i t e s  are recommended 

Pro- 

project areas are: 

A. Regional Resource P l a n n i n g  and Development 

B. We1 1 head Generators 

C.  

D. D i s t r i c t  Heating 

E. Heat Pumps 

Resource Expl o r a t i  on , Conf i rmati on , and Eva1 ua t  

The f i r s t  project on the p l a n n i n g  and developm 

on 

n t  aspect, re la tes  in p a r t  t o  

the remaining projects.  

or  financing for the other projects. The wellhead generator project is the only 

one i n v o l v i n g  e l ec t r i ca l  power; however, ra ther  t h a n  suggest large power plants ,  

smaller versions are  proposed t o  bring power on l ine  sooner. The resource explora- 

t i o n ,  confirmation, and evaluation project is a basic need, as a l l  other projects 

depend i n  par t ,  i f  no t  en t i r e ly ,  on the outcome of this f i r s t  phase of geothermal 

development. 

space heating and,  more spec i f ica l ly ,  d i s t r i c t  heating. 

deals w i t h  using resources above 100°F (38OC), whereas the heat pump project con- 

cerns the use of low-temperature resources or optimizing higher temperature f l u i d s  

w i t h  fossil-fueled peaking o r  other hybrid systems. 

T h i s  recommendation suggests means of providing incentives 

* 

The l a s t  two projects are in te r re la ted  i n  t h a t  they both involve 

The d i s t r i c t  heating project 
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A. REGIONAL RESOURCE PLANNING AND DEVELOPMENT 

Given geothermal's s ign i f icant  regional energy potential coupled w i t h  the 

r e l a t ive  infancy of i t s  development, one of the resource's  major needs is  a re- 

gionally coordinated ins t i tu t iona l  framework f o r  planning and development. Al- 

though there is considerable planning work being performed through D O E ' S  Region X 

and the i n d i v i d u a l  s t a t e  energy programs, there s t i l l  remains a substantial  need 

fo r  additional resource management assistance,  especially on a regional scale.  

Specific examples of planning and development a c t i v i t i e s  which should be con- 

si dered 

1.  

2. 

3 .  

4.  

include: 

Project coordination: 

continue t o  be, a variety of ongoing geothermal projects tha t  would 

benefit  s ignif icant ly  from an ins t i tu t iona l  coordination mechanism, 

which could establ ish regional p r i o r i t i e s ,  f a c i l i t a t e  information- 

sharing, and document regional progress. 

Data collection: 

uniform methods of regional data col lect ion,  such tha t  the completeness 

and accuracy of regional geothermal data can be improved, and such tha t  

community heating load data can be uniformly collected by regional 

u t i 1  i t i e s .  

Pub1 i c  education: A continuing bar r ie r  t o  geothermal development i s  

the public 's  lack of awareness o r  understanding of the resource. An 

extensive regional information program is  required t o  create  such aware- 

ness, and most importantly, to  stimulate in t e re s t  i n  potential user groups 

throughout the region. 

Environmental baseline studies:  

goals will be due t o  environmental requirements, including the necessity 

W i t h i n  the BPA market area there are ,  and will 

There is an urgent need t o  es tabl ish and implement 

Much of the delay i n  achieving geothermal 
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of establishing environmental baselines i n  resource areas not previously 

documented. 

on as possible,  such t h a t  subsequent development proposals will not be 

deterred o r  unnecessarily delayed while environmental baselines a re  

established. 

Such anomaly-wide assessments should be i n i t i a t e d  as early 

5. Regional development fund:  Despite e x i s t i n g  and proposed federal and 

s t a t e  financial  incentives, geothermal continues to  be severely handicapped 

by high front-end costs .  The establishment of a regional development fund,  

which could make low-interest loans t o  s t a t e s ,  municipali t ies,  and cer ta in  

ut i l i t ies  fo r  geothermal projects,  would add considerable momentum t o  re- 

gional progress. 

6. Land-use planning f o r  nonelectric uses: The development o f  nonelectric 

geothermal uses will be dependent i n  part  upon supportive land-use practices 

i n  resource areas. The relationships between land-use planning and geo- 

thermal d i r ec t  use should be investigated, and model geothermal land-use 

principles and practices developed and disseminated, such tha t  local areas 

may soon implement policies and standards which will enhance the future ,  

f e a s i b i l i t y ,  and efficiency of geothermal d i r ec t  use. 

P 
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B. WELLHEAD GENERATORS 

We recomnend BPA e i the r  purchase f o r  tes t ing  or design and construct 

wellhead power generator u t i l i z i n g  geothermal water from a single-product 

inject ion well. Design and economic f e a s i b i l i t y  f o r  these units needs t o  

i nvesti gated. 

Wellhead generators range i n  size from small (-50-KWe gross) Organic 

a small 

on and 

be 

Rankine 

Cycle (binary) units extracting thermal energy from shallow low-temperature wells 

t o  over 5 MWe u s i n g  high-temperature deep wells. 

Small Wellhead Generator f o r  On-Site Power. A small wellhead co-generator could 

be used t o  supply power t o  well pumps by u t i l i z ing  a 10" t o  20°F (6" to  11°C) tempera- 

tu re  d i f fe ren t ia l  from a d i s t r i c t  heating supply, o r  they could provide power t o  re- 

mute areas where powerlines do not exist. 

$I ,000 t o  $1,500 per kw;* however, the economics needs fur ther  investigation. 

Estimated costs fo r  these units range from 

As an example, consider a small binary power generator u t i l i z i n g  a 20°F (11°C) 

temperature d i f fe ren t ia l  from a 192°F (89°C) well. E lec t r ic i ty  generated would be 

used t o  s u p p l y  power to  the pump, since heating load and power requirements f o r  the 

pump would match. Waste water could be used fo r  nonelectric projects located nearby. 

F igure  27 i s  a block flow diagram of the proposed system. Fluid f o r  the cycle 

i s  trichlorotrifluorocthane (R-113). 

weight (187.4) ,  low-boiling point (117.6OF = 47.6"C) , and low-cycle pressure (41 psia 

T h i s  f l u i d  has the advantage of h i g h  molecular 

vapor, 13 ps i a  l i q u i d ) .  

is  28 psia. 

The pressure d i f fe ren t ia l  between expansion and condensing 

Geothermal water used would be about 500 gpm based on a supply temperature of 

192°F (89°C) and a discharge temperature of 172°F (78°C) which can be used fo r  space 

and domestic water heating demand of a d i s t r i c t  heat"ing project.  A cooling tower 

would be required. 

L1' 

*SPS Inc., Miami, Florida and Mechanical Technology Inc., Latham, New York. 
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Figure  27. 

DEMONSTRATION POWER GENERATOR 

FOR PUMPS 

Water 

180"F, 41 p s i a  '-b, Expander 

Geo t he rma 1 

To D i s t r i c t  
Heat ing System 

Heat 
Exchange r 

Con 

Induc t i on  
Gene r a t  o r  

I t  /- 
63°F 
Wet 
Bulb 

Cool ing Water 
Pump Expander F1 u i d  

C i r c u l a t i n g  Pump 

Geothermal F1 u i  ds 192°F (3 450 GPM (89OC @ a / s )  

Cool ing Tower 

Expander E f f i c iency  70% 

80°F Supply, 100°F Return (27"  and 38°C) 

Induc t i on  Gen. E f f i c i e n c y  94% 

Working F l u i d  T r i c h l o r o t r i f l  uoroethane 
(#113) 
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The following calculation gives a rough idea of the gross power o u t p u t  from 

a small we1 1 head co-generator plant: 

Gross Power = 'lo5 105 - 98 32 x 500 x 500 x 20 x .70 x .94 x - - 90 kw 

Low-Temperature Sites 

1.  

2 .  

3 .  

4 ,  

Yakima Valley area - Grant County PUD o r  Columbia REA, (Washington). 

Portions of western Montana w i t h i n  the Vigilante Coop., Service area. 

Snake River Plains - Pra i r i e  Power Coop., o r  Fall River REC, (Idaho). 

Klamath Falls - Co-generation w i t h  City Dis t r ic t  Heating Network. 

5. Cascade Range (moderate temperature) - hybrid system using wood waste f o r  

peaking fuel. 

Large High-Temperature We1 lhead Generators. Separated system ( f l a sh )  , binary 

o r  shear torque turbines could be considered f o r  the larger  wellhead generators u t i l i z -  

i ng deeper and high-temperature ( >3OO0F = 140°C) we1 1 s. Advantages of we1 1 head gen- 

ei*ators vs. conventional centralized power plants are:  

1. A power plant module can be moved t o  a well s i t e  upon completion and t e s t -  

i n g  of the we1 1 .  See Figure 28. 

Instal la t ion time t o  develop a f i e l d  of 15 wells is estimated t o  be re- 2. 

- duced by approximately one-half .  

3. Earl ier  return on investment. 

4. Reduced costs  fo r  col lect ion mains t h a t  a re  necessary f o r  centralized 

power plants.  

5. Increased power output (estimated t o  be 39 percent)* i n  the case of shear 

torque turbines from a f i e l d  of 15 wells (380°F = 193"C), each w i t h  a flow 

ra t e  o f  400,000 l b / h r .  

A comparison of a conventional centralized geothermal f i e l d  system and wellhead 

generator is shown on Figure 29. 

*American Thermal Resources, Inc. , Orange, California.  
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A separated steam wellhead generator is  under construction a t  this time a t  

Pahoa, Hawaii, and a prototype of the shear torque turbine is being tes ted a t  Im- 

perial  Valley, California. 

Recomnended s i t e s  f o r  tes t ing  a wellhead generator would be: 

High-temperature Sites 

1.  Alvord geothermal area (or  Crump's or Mickey H.S.) - Harney Electr ic  Corp., 

(Oregon) . 
Raft River t e s t  s i t e  - Raft  River REC (Idaho). 

Surprise Val ley s i t e  - Surprise Valley Electr ic  Coop., (California).  

2 .  

3 .  

C. RESOURCES EXPLORATION, CONFIRMATION, AND EVALUATION 

In the Pacific Northwest, the general areas of geothermal potential have been 

ident i f ied;  however, the de t a i l s  on s i ze ,  temperature, water qual i ty ,  and heat con- 

tent have no t  been determined fo r  many s i t e s .  There is a pressing need t o  deter- 

mine this information, t o  encourage development and u t i l i za t ion  of the s i t e .  In- 

vestors and energy companies are  reluctant t o  become involved i n  exploration, con- 

firmation, and evaluation of reservoirs.  They want this risk minimized o r  el  m i -  

nated before they commit their finances. T h u s ,  other agencies have t o  assume some 

o f  the risk ( f inanc ia l )  i f  geothermal energy use is t o  be encouraged. 

centives are  described i n  de ta i l  i n  Section V ,  and include forgivable loans, guar- 

anteed loans, shared d r i l l i ng  program, purchase and publication of private explora- 

t ion  information, e tc .  

These i n -  

More spec i f ica l ly ,  three important questions t h a t  require answers i n  any geo- 

thermal u t i l i za t ion  project are: 

1 .  Where should a geothermal well be s i ted?  

2 .  How deep must a well be d r i l l ed  t o  obtain the required temperature fo r  

the spec i f ic  need? 
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3 .  How much heat (thermal energy) can be extracted per u n i t  time a f t e r  d r i l l -  

i n g  a well t o  the required depth? 

The various geological, geochemical, and geophysical tools  available t o  the 

geothermal explorationist  are  designed t o  produce specif ic  information t o  answer 

the above questions. 

method o r  s e r i e s  of methods which will work i n  a l l  circumstances. The costs of 

various methods must be considered i n  terms of the benefits received and the value 

of the par t icu lar  resource. Nevertheless, the f inal  ver i f icat ion of a geothermal 

resource m u s t  be based on d r i l l i n g .  

Because each geothermal prospect is unique, there is  no one 

The various components of any exploration program include: 

1 .  geological exploration 

2 .  geochemical exploration 

3 .  geophysical exploration 

4.  d r i l l i n g  

5. geophysical 1 oggi ng 

Table 16 shows many of the exploration methods outlined. Approximate times 

for  completion of the surveys and order-of-magnitude costs for  the methods a re  a l so  

indicated. 

a s  a function of many factors i n c l u d i n g  survey d e t a i l ,  access ib i l i ty ,  t e r r a in  and 

weather. 

completing holes as well as logging. 

lection as well as analytical  costs .  

principally of use i n  regional and/or detai led evaluations. 

D. DISTRICT HEATING 

I t  should be stressed t h a t  the costs shown are  approximate and will vary 

Geothermal-gradient/heat-flow borehole costs include cost  of d r i l l i n g  and 

The geochemical procedures include sample col- 

The methods are also characterized as being 

heating i s  energy conservation and lower en- 

economy i s  greater  for  dis- 

heating system operates a t  50 

A strong incentive for  d i s t r i c t  

ergy costs by u s i n g  cheaper fuel and 

t r i c t  heating (for  example, a home w 

waste heat. Fue 

t h  an individual 
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TABLE 16.* 

Summary of costs, time frames, and area covered 
w with various geothermal exploration methods. 

w Method Time Expense Area 

Consulting geologist < month 

Airphoto interpretation < month u \dater analyses month 

Surface geochemistry month 

1 Vol ati 1 e geochemistry month 

n Temperature gradient/heat flow > month 

boreholes 

1 Electromagnetic methods 
1 Resistivity 
l - 7  

Magnetics - airborne u 
- ground 

Sei  sml’ c - r e f r a c t  i on 

- reflection 0 
- microearthquakes 

Gravity 

1 Magnetotell urics 
1 Gesptiysical logging 
T r 3  

month 

month 

month 

< month 

< month 

< month 

3-6 months 

month 

month 

< week 

$2 00 - $400/ day 

$5/mi2 ($2/km2) 

$1 00-$200/sample 

$30/sample 

$20/sample 

$1 0-$1 OO/ft 

( $30-$300/m) 

$200-$1,500/1 i ne mi 

($1 25-$930/1 i ne km) 

$200-$1,50O/line mi 

($1 25-$930/1 i ne km) 

$25/line mi ($15/km) 

$200/1 i ne mi ($1 25/km) 

$5,00o/line mi 

( $3,000/ km) 

$5,000-$10,000/1 i ne mi 

($3,000-$6,000/km) 

$l,200/day 

$30-$70 station 

$l,200-$2,000/line mi 

($750-$1,25O/km) 

$2,000-$20,000/hole 

Regional /detai 1 ed 

Regional/detailed 

Regional/detailed 

Detai 1 ed 

Detai 1 ed 

Regional/detailed 

Detai 1 ed 

Detai 1 ed 

Reg i ona 1 

Detai 1 ed 

Deta i 1 ed 

Detai 1 ed 

Regional/detailed 

Regional/detailed 

Detai 1 ed 

kd *From Reference 9--see additional data on page 71 and in the Appendix. 
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t o  70 percent efficiency compared t o  80 percent i n  the case of d i s t r i c t  heating). 

Other incentives a re  improved a i r  qual i ty  through improved discharges of fossi l - fuel  

fired centralized plants;  the concentration of the f a c i l i t y ,  allowing e f f i c i e n t  use 

of spec ia l i s t s ;  and fewer oi l - t ransportat ing vehicles f o r  fossi l - fuel  plants.  

yeothermal energy as  the energy source leads t o  a more e f f i c i e n t  use of the resource. 

Using 

Obstacles t o  d i s t r i c t  heating are:  cost  of d i s t r ibu t ion ,  d i s t r ibu t ion  heat 

l o s s ,  the h i g h t  cost  of s u p p l y i n g  one-family houses on l o t s  over 5,000 f t 2 ,  high 

i n i t i a l  capi ta l  investments, and the many d i f fe ren t  types of heating systems i n  

the United States .  

invionmental and economic view; however, geothermal energy has proven competitive 

(Klamath Fal ls)  where the resource is near the heating load. Indications are  t h a t  

natural gas may increase substant ia l ly  i n  the future ,  t h u s  loosing i ts  competitive 

posit ion.  

Natural gas i s  a severe competitor t o  d i s t r i c t  heating from an 

Iceland has experienced great success i n  using geothermal energy fo r  d i s t r i c t  

,)eating w i t h  a savings of approximately 30 percent over u s i n g  heating o i l .  

proximately 65 percent of the b u i l d i n g s  i n  the country and 97 percent of Reykjavik 

a re  on d i s t r i c t  heating systems. Other European countries,  such as Sweden and Denmark, 

are expanding d i s t r i c t  heating systems because of fuel economy. 

Ap- 

A very important economic factor  i s  the heat density, i . e . ,  the possible con- 

nected heat demand fo r  d i s t r i c t  heating d iv ided  by the ground area. 

s i t y  i s  required since the dis t r ibut ion network which transports the hot water t o  

the bui d i n g s  i s  expensive. 

gorized areas according t o  the economic prospects of d i s t r i c t  heating as shown on 

the fol owing page (Swedish Di s t r i c t  Heating Manual, 1978). 

High heat den- 

Studies done i n  the United States  and Sweden have cate- 
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Economy Prospects of Heat Density f o r  District Heating 

Peak 
Heat Density 
MBtu/hr  acre 

>0.97 

0.97-0.70 

0.70-0.28 

. 
0.28-0.17 

<0.17 

Area Category - 
Downtown--high rise Very favorable 

Downtown--mu1 t i  -storied b u i l d i n g s  Favorable 

City core--commercial b ldg  & m u l t i -  

fami 1 y apartment bui 1 dings Possi b l  e 

Residential--multi-family houses Questionable 

One-fami l y  houses Not possible 

Di s t r i c t  heating is  a matter of heat transportation which i s  accomplished by 

using low-temperature (250°F = 121"C), high-temperature (300°F = 149°C) hot  water 

o r  steam as the medium. 

Low-temperature hot water i n  the mains provides the possibli ty of d i r ec t  con- 

nection t o  the consumers. Direct connection means better efficiency, an increase 

i n  the permissible temperature d i f fe ren t ia l  a t  a given temperature, and a smaller 

amount of c i rculat ing h o t  water w i t h  smaller pipes and lower heat loss .  System 

des ign  i s  s i m p l i f i e d ,  and without recirculation there is usually no need t o  i n -  

corporate internal pumps i n  space heating ins ta l la t ions ,  which leads t o  lower i n -  

s t a l l a t ion  and operating costs.  

High-temperature hot-water systems usually require the addition of heat ex- 

changers and recirculation pumps i n  the consumers' bu i ld ings .  

a lso r e su l t  i n  the dis t r ibut ion network. 

Higher heat losses 

Steam systems generally have a lower ef-  

ficiency and a limited transport  distance when compared t o  hot-water systems. 

The main emphasis in us ing  low-temperature geothermal energy will be in space 

heating i n  the future.  Large-scale dis t r ic t -heat ing projects will be undertaken 
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(such as being developed i n  Boise and Klamath F a l l s ) .  

come more and more economical w i t h  fur ther  escalation i n  conventional fuels  re- 

su l t ing  i n  the development of resources fa r ther  from the heating load. 

mission distances of 30-60 miles are  being considered and proven on paper (Akureyri, 

Iceland), w i t h  13 miles presently a r ea l i t y  (Reykjavik, Iceland). Transmission 

temperature losses i n  the below 212°F (100°C) range are around 0.3"F/mi ( O . l " C / k m )  

f o r  insulated pipe. 

D i s t r i c t  heating will be- 

Trans- 

A geothermal dis t r ic t -heat ing system will generally have the same basic com- 

ponents as a conventional system. The production f i e l d ,  which includes wells, 

pumps, and col lect ion mains, replaces the boi ler  in a conventional system. 

other components, such as piping, valves, controls,  and metering, e t c . ,  would be 

s imilar  t o  a conventional system. 

All 

A single-pipe (open-ended) dis t r ibut ion network with heat exchangers ins ta l led  

i n  each building and disposal of the geothermal f lu id  a t  the end of the consumer 

connections would be the most desirable type system. This makes the d is t r ibu t ion  

network cheaper, as the cost of single-pipe network i s  only about 70 percent of a 

two-pipe (closed-loop) system. 

A two-pipe system involves a central heat exchanger, pumping, and control 

f a c i l i t y .  Depending on the location and charac te r i s t ics  o f  the resource, i . e . ,  

the necessity t o  recharge by means of injection wells, this may be the most de- 

si rable approach. 

I t  i s  practical  t o  divide the construction of the geothermal dis t r ic t -heat ing 

system i n t o  three main par ts ,  which break down as follows: 

- Heat Production 

1 .  Exploration and Assessment 

2 .  Dril l ing and Well Completion 

3. Collecting Mains 

- 167 - 



Transportation 

1. Main Pumping Station 

2. Supply Mains 

Distribution System 

1. Distribution Pumping Station 

2. Street Mains 

3 .  Service Branches 

4. Consumer Connections 

The cost of each part is variable, as summarized in Section 111. 

At present-day prices, the geothermal application will cost about the same 

or less than the corresponding annual fossil-fuel cost. Due to expected escala- 

tion of fossil-fuel prices, the costs of the geothermal system will decline. Most 

geothermal direct-use systems will pay for themselves in 5 to 10 years from savings 

in conventional fuel. 

BPA's involvement in district heating could be either to provide financial 

assistance to the particular community or to provide direct assistance in the form 

o f  consultants for design and construction. 

i n  the form o f  delayed payments on conversion and hookup or subsidizing the costs. 

There are a number of smaller communities in the BPA preference customer area 

Relief could be provided to homeowners 

that could benefit from some sort of incentives. These are: 

Location 
1980 

Population 

We1 1 s , Nevada 1,300 

Ft. Bidewell/Cedarville, California 1,200 

Stan1 ey/Chall i s  , Idaho 2,700 

Nor th Bonneville/Carson, Washington 8,000 

Utility 

Wells REC 

Surprise Valley EC 

Salmon River EC 

Skamania Co., PUD 
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The c o s t  d e t a i l s  f o r  each o f  these p r o j e c t s  a r e  as f o l l o w s :  

Loca t ion  

We1 1 s , Nevada 

1980 C a p i t a l  Maximum Energy 

- x 106 $ x l o 9  B t u / y r  , 

Investment Savings 

1.2-1.6 51 

F t .  B idewe l l /Cedarv i l l e ,  C a l i f o r n i a  1 .O-1.5 

Stanley/Chal l  i s ,  Idaho 3.2-3.8 

45 

147 

Nor th  Bonnevi l le/Carson, Washington 9.0-11 .o* 41 0 

*There i s  some quest ion as t o  t h e  temperature o f  t h e  resource. This f i g u r e  assumes 
a temperature > l O O ° F  (38°C); i f  below 100°F (38OC), heat  pumps w i l l  be r e q u i r e d  and 
t h e  cos ts  w i l l  increase. 

The reason f o r  t he  range i n  c a p i t a l  c o s t  i s  t h a t  t o o  many v a r i a b l e s  a r e  o n l y  

approximately known (i .e. , w e l l  depth, f l o w  rates,  temperatures, i n j e c t i o n  w e l l  

requirements , e t c .  ) 

The annual c o s t  o f  t he  c a p i t a l  investment would vary between 9 and 10 percent,  

depending upon whether 30- o r  20-year l i f e  i s  used. The annual maintenance and 

opera t i on  c o s t  would vary from 4 t o  5 percent.  Thus, t he  t o t a l  annual c o s t  would 

vary f rom 13 t o  15 percent  of t he  c a p i t a l  investment. Using an average o f  14 per-  

cent,  t h e  c o s t  per  m i l l i o n  B tu  of annual heat l o a d  would range f rom $3 t o  $5 MBtu. 

E. HEAT PUMPS 

We recommend BPA undertake a p i l o t  d i s t r i c t  hea t ing  p r o j e c t  i n v o l v i n g  a hy- 

b r i d  system. This  type o f  p r o j e c t  would have a p p l i c a t i o n  i n  areas o f  a low- 

temperature geothermal resource t h a t  a r e  marginal  f o r  normal space hea t ing  use. 

This  t ype  system cons is t s  of a combination s imple heat exchange, c e n t r a l i z e d  heat  

pump, and a u x i l i a r y  b o i l e r  a l l  matched t o  op t im ize  t h e  energy consumed. The heat 

ioad d u r a t i o n  curve shown i n  F igu re  30 i l l u s t r a t e s  how t h i s  i s  accomplished by the  

French systems. 

f o r  c e n t r a l i z e d  heat  pumps a p p l i e d  t o  d i s t r i c t  hea t ing  and coo l i ng .  

Geothermal energy i s  a natura energy source of growing i n t e r e s t  
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Heat pumps may be employed t o  extract  additional heat by further cooling the 

geothermal water t o  temperatures below tha t  of the water returned from the con- 

sumers i n  order t o  achieve a better u t i l i za t ion  of the geothermal resource. 

wise, geothermal temperatures below the heating net supply temperature may be up-  

graded by the u t i l i za t ion  o f  heat pumps. 

temperature fluctuation as w i t h  the other natural sources, b u t  the d i f f i cu l ty  of 

locating and extracting geothermal water since this may depend on rather  expensive 

deep d r i l l i ng .  Another problem i s  the development of heat pump evaporators t ha t  can 

withstand the physical and chemical character is t ics  of geothermal water. 

Like- 

The main problem w i t h  this source i s  not 

When the geothermal resource water i s  below 120°F (49"C), most conventional 

methods of extracting heat from geothermal water become impractical and uneconomical. 

The 120°F (49°C) geothermal water s t i l l  contains a large amount o f  heat energy and 

i s  not the absolute lower l imit  b u t  ,is based on typical conditions i n  which the heat- 

i n g  a i r  should be a t  l ea s t  100°F (38"C), and a d r i v i n g  force of 20°F (11°C) i s  needed 

t o  t ransfer  heat across the heat exchanger. 

A strong incentive t o  d i s t r i c t  heating is energy conservation, improved en- 

vironmental qual i ty ,  and lower energy costs.  

d i s t r i c t  heating plants. 

u s i n g  geothermal energy a long time before any ta lk  about an energy c r i s i s .  

the years a f t e r  1974, most countries i n  Northern Europe have made close examina- 

In Europe, there is a long history o f  

Iceland and Hungary, of course, had extensive plants 

In 

t ions of the poss ib i l i t i es  and potentials of u s i n g  geothermal energy as a supple- 

ment t o  imported fuel. 

Heat pumps lend themselves well t o  d i s t r i c t  heating concepts. As a matter of 

f ac t ,  France had a functional plant i n  Melun as early as  1971, and today some ten 

plants are  i n  operation i n  France. 

are  being planned as well as Sweden, Holland, Austria, and Switzerland where theories 

will be p u t  in to  rea l i ty .  The Danes are  investigating a 10-MW heat pump using 50°F 

In Denmark and Germany, demonstration projects 
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(10OC) ground water which is  more e f fec t ive  than a i r .  However, the warmer the well 

water, the more e f f i c i e n t  the system will be and the less  e l ec t r i ca l  energy i t  will 

consume. 

Three schemes: (1 )  simple exchange, (2) insertion of heat pump, and (3) hybrid, 

are  possible t o  ex t rac t  the energy from the geothermal f l u i d  as i l l u s t r a t e d  i n  F i g -  

ure 32 w i t h  the following description: 

1 .  A simple heat exchange may be desirable i f  the resource temperature 

greater  than 180°F (82°C) and the cost  of developing the resource is 

t ive ly  low ( i - e . ,  shallow we1 s ) ,  t h u s  j u s t i f y i n g  u t i l i za t ion  of the 

source 30 t o  40 percent of the time d u r i n g  heating demand. 

S 

re1 a- 

re- 

2. If the resource temperature is  low (50" t o  120°F = 10' t o  49°C) , supply 

temperatures t o  the consumer can be boosted with the insertion of a heat 

Pump * 

A hybrid system, Figure 31 and 32 , may be desirable i n  the case o f  a 

high-cost resource (deep wells)  development. The plan would be t o  con- 

s t r u c t  the plant so the wells could be f u l l y  u t i l i zed  24 hours per day, 

t h u s  optimizing the most expensive par t  of the development, d r i l l i n g  wells. 

The geothermal heat exchanger represents only 25 percent of the maximum 

capacity;  however, i t  wil l  supply over half of the annual heat require- 

ments. When heat requirements increase i n  the ch i l l y  s p r i n g  and autumn 

months, the heat pump will fur ther  cool the geothermal water coming from 

the heat exchanger. T h u s ,  i t  will be only necessary t o  couple i n  a boi ler  

d u r i n g  the extreme cold winter periods i n  order t o  yield the maximum peak 

load performance. 

3 .  

The economic benefit derived from col lect ively supplying heat f o r  

numerous users can fur ther  be increased i f  the annual use fac tor  i s  in- 

creased, t h a t  i s ,  by- increasing the amount of  time the d i s t r i c t  operates 
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F i g u r e  31.  Examples of heat e x t r a c t i o n  schemes. 

7 

L O  8 m -  125-150m3/h 
t = 90-12ooc 

- P r i m r y  clrcult (qeothermal) 
~ Secondary ~ l r t ~ l t  ldlstrlct hcatlnql 
,-, Clrcult of the heat pump 

1 Production well 
2 lleat exchsnqer 
1 Heat pu"p l n c l .  n E v A P O r a t O r  

b C a p r e s s o r  
c Condcnllcr 
d Rcductlon valve  

4 r n j r c t l o n  VPII 
5 Conventional boller p l a n t  
6 DIntr1~t heatlnq system 
1 End users Ispprox. 2000 houses1 

Figure  3 2 .  Hybr id  system. 
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a t  fu l l  capacity. 

not a continuous operation. 

waste of capital  equipment. 

I f  a commercial o r  process use can be found whose peak loads occur 

a t  d i f fe ren t  times than a res ident ia l  load, a more beneficial use of the 

d i s t r i c t  system becomes possible. Most commercial and industrial  food 

processing temperature requirements, however, are  between 160" and 300°F 

(71' and 149°C). 

of delivering up t o  2 3 O O F  (170°C) when operating on 1 4 O O F  (60°C) water 

source temperature, and several firms are developing models capable of de- 

l iver ing temperatures as h i g h  as 350°F (177°C). 

Obviously, heating and cooling us ing  heat  pumps i s  

The unused portion of time represents a 

For process use, several heat pump models a re  capable 

The ef fec t ive  use of heat pumps makes i t  possible to  extend notice- 

ably the cost-effectiveness of geothermal heating. Heat pumps a lso make 

i t  possible t o  connect a greater  number of homes from a given well. The 

use of these machines provides an important a s se t  when geothermal water 

temperature is  low. 

t o  the unique nature of each project. I t  i s  important t o  remember t h a t  

these systems are sensi t ive t o  economic conditions relat ing to  costs of 

geothermal systems themselves, wells,  and backup systems. 

The use of heat pumps should, of course, be adapted 

Areas where this type of hybrid system would have applications are:  

1 .  

2.  

3 .  Snake River Plain area of Idaho 

Yakima Valley area of Washington 

Willamette Valley area of Oregon 
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Some cost information is  presented i n  Section 111 f o r  heat pump applications.  

.4 general idea of the types o f  savings t h a t  could be generated a t  each of the areas 

mentioned above are:  

Area 

Yakima Valley 

Willamette Valley 

Snake River Plain 

Approx. 1980 
Population 

250,000 

500,000 

325,000 
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12 x 1012 Btu/yr 

10 x 10l2 Btu/yr 



REFERENCES 

GENERAL 

1.  

2. 

3 .  

4 .  

5. 

6. 

7 .  

8. 

Assessment of Geothermal Resources o f  the United States--1978, L. J .  P .  

Muffler, Editor, USDI Geological Survey Circular 790, Arlington, Virginia 

( w i t h  maps). 

Physical Factors Determining the Fractures o f  Stored Energy Recover- 

able from Hydrothermal Convective Systems and Conductive-Dominated Areas, 

by Manual Nathenson, U . S .  Geological Survey, Open-File Report 75-525, 

Menlo Park, California,  October 1975. 

Assessment of Geothermal Resources of the United States--1975, D. E .  

* 

White and D.  L. Williams, Editors, USDI Geological Survey Circular 726, 

Arlington, Virginia ( w i t h  maps). 

Geothermal Energy f o r  Agribusiness fo r  Klamath and Western Snake River 

Basins, Oregon, by Paul J .  Lienau, e t  a l . ,  Geo-Heat Util ization Center, 

Klamath Fal ls ,  Oregon, March 1978. 

Industrial Waste Heat fo r  Adjacent Communities and Industrial  Applications, 

Task I1 Report, Volume V ,  Executive Summary, Rocket Research Company, 

Redmond, Washington, October 1979. 

Space Heating Systems i n  the Northwest--Energy Usage and Cost Analysis, 

by J. G.  Keller and J.  F. Kunze, Aerojet Nuclear Co. fo r  ERDA, Idaho 

Fal ls ,  Idaho, January 1976. 

Climatography of the United States  No. 81, (by s t a t e ) ,  U.S.' Department 

of Commerce, National Climatic Center, Asheville, North Carolina, 1973. 

Commercial Uses of Geothermal Heat, Special Report No. 9, Geothermal 

Resources Council , Davis, California,  June 1980. 

- 176 - 



P 

0 

D 

P 

P 
G1 

Q 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

D i r e c t  U t i l i z a t i o n  o f  Geothermal Energy: A Technical  Handbook, e d i t e d  

by David N. Anderson and John W.  Lund, Special  Report No. 7, Geothermal 

Resources Counci l ,  Davis, C a l i f o r n i a ,  1979. 

R e s i d e n t i a l  Heat ing Costs--A Comparison o f  Geothermal, Solar ,  and Con- 

ven t iona l  Resources, by C. H. Bloomster, B. A. Gar re t t -P r i ce ,  L.  L. 

Fassbender, B a t t e l l - P a c i f i c  Northwest Laboratory,  Richland, Washington, 

August 1980 (PNL-3200). 

Geothermal Energy U t i l i z a t i o n  f o r  t h e  Homeowner, by John W. Lund, Geo- 

Heat U t i l i z a t i o n  Center, Klamath F a l l s ,  Oregon, December 1978. 

ASHRAE Handbook and Product Directory--1977 Fundamentals, American So- 

c i e t y  of Heating, R e f r i g e r a t i n g ,  and Air-Condi t i o n i n g  Engineers, Inc. ,  

New York, New York, 1977. 

ASHRAE Handbook and Product Di rectory- -1976 Systems, American Society  o f  

Heating, Re f r i ge ra t i ng ,  and A i r - c o n d i t i o n i n g  Engineers, Inc. , New York, 

New York, 1976. 

D i r e c t  Heat A p p l i c a t i o n  Program Summary, presented a t  t he  Geothermal Re- 

sources Counci l  Annual Meeting, September, 1979, USDOE. 

- Fourth Annual Report, Geothermal Energy, Research, Development, and 

Demonstration Program, Interagency Geothermal Coordinating Council, USDOE, 

Washington D.C., June 1980. 

Populat ion,  Employment, and Households P ro jec ted  t o  2000 f o r  (Oregon, 

Washington, Idaho, and Montana), USDOE--Bonneville Power Admin i s t ra t i on ,  

Po r t1  and, Oregon, 1979-80. 

Environmental Development P lan f o r  Geothermal Energy Systems , USDOE, 

Washington D.C., August 1979. 

NWWA and t h e  Ground Water Heat Pumps, by T y l e r  E. Gass, Water Well Journal , 

1978. 

U - 177 - 



19. 

20. 

21. 

22 .  

23. 

I 

24. 

25. 

Heat Pumps Primer f o r  Use w i t h  Low-Temperature Geothermal Sources, 

by J .  G .  Keller, EG&G Idaho, Inc., Idaho Fal ls ,  Idaho, 1977. 

Diesel Heat Pump f o r  District Heatinq Plants and fo r  the Heating of 

Large Housinq Blocks, by Benny Petersen, Burmis te r  & Wain AS, Copen- 

hagen , Denmark , 1978. 

Economic Risk of Geothermal Projects,  by Robert Greider, presented a t  

the Geothermal Resources Council Course No. 9, San Francisco, California,  

March 1980. 

U t i l i t y  Industry Estimates of Geothermal Elec t r ic i ty  by Paul Kruger and 

Vase1 Roberts, Geothermal Resources Council, Transactions Vol. 4, 

Davis, California,  September 1980. 

Geothermal Investment and Policy Analysis with Evaluation of California 

and Utah Resource Areas, prepared by Thomas A .  V .  Cassel , e t  a1 . , 
DOE/RA/4713-1, USDOE, Division of Geothermal Resources Management, 

October 1979. 

Technical Assessment Guide, Electr ic  Power Research Ins t i t u t e  Special 

Report PS-IZOl-SR, Palo Alto, California,  July 1979. 

Geothermal Energy a s  a Source of E lec t r ic i ty  by Ronald DiPippo, USDOE, 

Division of Geothermal Energy (DOE/RA/28320-1) , January 1980. 

INDIVIDUAL STATES 

Oregon 

1 .  Geothermal Resources i n  Oregon: S i t e  Data Base and Development S t a t u s ,  

by Debra Justus, OIT Geo-Heat Uti l izat ion Center, Klamath Fal ls ,  Oregon, 

April 1979. 

Field T r i p  No. 2 ,  Klamath Fal ls ,  Oregon-Reno, Nevada, September 22-23, 

1979, by John W .  Lund,  G R C  1979 Annual Meeting. 

2 .  

- 178 - 



3 .  Numerous r e p o r t s  and a r t i c l e s  from the Q u a r t e r l y  Bul le t in ,  OIT Geo-Heat 

U t i l i z a t i o n  Center, Klamath F a l l s ,  Oregon, 1975 t o  present. 

4 .  Oregon: A Guide t o  Geothermal Energy Development, by Debra Justus e t  a l . ,  

OIT Geo-Heat U t i l i z a t i o n  Center, Klamath F a l l s ,  Oregon, June 1980. 

k’a s h i  ng t o  n 

1 .  

.2. 

3 .  

Idaho 

1 .  

2. 

3 .  

4. 

5. 

Geothermal Energy i n  Washington: S i t e  Data Base and Development S t a t u s ,  

by R .  Gordon Bloomquist, OIT Geo-Heat U t i l i z a t i o n  Center, Klamath F a l l s ,  

Oregon, April 1979. 

OIT Geo-Heat Center Technical A s s i s t a n t  Work a t  Sol Duc Hot S p r i n g s ,  

Ephrata ,  Washington, and the Ci ty  o f  Bonnevi l le ,  Washington, (1978-1979) 

Washington: A Guide t o  Geothermal Energy Development, by R .  Gordon 

Bloomquist, OIT Geo-Heat U t i l i z a t i o n  Center, Klamath F a l l s ,  Oregon, 

May 1980. 

Geothermal Energy i n  Idaho: S i t e  Data Base and Development S t a t u s ,  

by David V .  McClain, OIT Geo-Heat U t i l i z a t i o n  Center, Klamath F a l l s ,  

Oregon, J u l y  1979. 

D i rec t  Appl ica t ion  Program Summary, presented a t  the  Geothermal Resources 

Council Annual Meeting, U.S. Department of Energy, September 1979. 

Po ten t i a l  Use o f  Geothermal Resources i n  the Snake River Basin: An 

Environmental Overview, Volumes I and 11, S .  G .  Spencer e t  a1 . , EG&G 

Idaho, Inc . ,  Idaho F a l l s ,  Idaho, September 1979. 

Legal Overview o f  Geothermal Resources i n  Idaho, by David V. McClain, 

Geothermal Resources Council Transac t ions ,  Volume 3 ,  G R C ,  Davis, Ca l i -  

f o r n i a ,  September 1979. 

Hydrothermal Commercialization Base l ine  f o r  S t a t e  of Idaho, by EG&G Idaho, 

Inc . ,  ( J .  A .  Hanny and B .  C .  Lunis,  E d i t o r s ) ,  U.S. Department of En- 

e rgy ,  April  1979. 

- 179 - 



6. Idaho Geothermal Reports, S i t e  Spec i f i c  Development Ana lys is  f o r :  Stan- 

l e y ,  Fai rv iew,  Weiser Hot  Springs, Hai ley,  Magic Hot Spr ings, Grandview, 

and I n d u s t r i a l  App l i ca t i ons  of Geothermal Energy i n  Southeast Idaho, 

Idaho O f f i c e  o f  Energy, Boise, Idaho, 1979-80. 

Nor thern C a l i f o r n i a  

1. 

2. 

3 .  

4. 

5. 

D i r e c t  Heat App l i ca t i ons  Program Summary, presented a t  t h e  GRC Annual 

Meeting , DOE, September 1979. 

F i e l d  T r i p  No. 2, Klamath F a l l s ,  Oregon-Reno, Nevada, September 22-23, 

1979, by John W .  Lund, GRC 1979 Annual Meeting. 

Economic Study o f  Low-Temperature Geothermal Energy i n  Lassen and 

Modoc Counties, C a l i f o r n i a ,  VTN-CSL, A p r i l  1977. (Prepared f o r  S ta te  

of  C a l i f o r n i a  Energy Resources Conservat ion and Development Commission. ) 

The P o t e n t i a l  o f  Low-Temperature Geothermal Resources i n  Nor thern 

Ca l i f o rn ia ,  by J u d i t h  L. Hannah, C a l i f o r n i a  D i v i s i o n  o f  O i l  and Gas, 

Sacramento, C a l i f o r n i a ,  1975. 

Chemistry of Thermal Water i n  Selected Geothermal Areas o f  C a l i f o r n i a ,  

by Marshal l  3. Reed, Report No. TR15, C a l i f o r n i a  D i v i s i o n  o f  O i l  and 

Gas, Sacramento, C a l i f o r n i a .  

Western Montana 

1.  Geothermal Energy i n  Montana: S i t e  Data Base and Development Status,  

by K e i t h  Brown, O I T  Geo-Heat U t i l i z a t i o n  Center, Klamath F a l l s ,  Oregon. 

2. D i r e c t  A p p l i c a t i o n  Program Summary, presented a t  t he  Geothermal Resources 

Counci l  Annual Meeting, U.S. Department of Energy, September 1979. 

3 .  Hydrothermal Commercial izat ion Basel ine f o r  S ta te  o f  Montana, by EG&G 

Idaho, Inc .  (J .  A. Hanny and B. C. Lunis ,  E d i t o r s ) ,  U.S. Department o f  

Energy, June 1979. 

- 180 - 



P 
P 

U 
D 
I 
!J 

u 

Western Wyoming 

Geothermal Energy i n  Wyoming: 

by Richard W .  James, OIT Geo-Heat U t i l i z a t i o n  Center ,  Klamath F a l l s ,  

S i t e  Data Base and Development S t a t u s ,  

Oregon, A p r i l  1979. 

Northern Nevada 

1 .  Thermal Waters o f  Nevada, by Larry J .  Garside and John H .  S c h i l l i n g ,  

Nevada Bureau o f  Mines and Geology, B u l l e t i n  91, Reno, Nevada, 1979. 

2 .  Prel imi nary Hydrogeol og ic  Apprai s a l  of  Se lec ted  Hydrothermal Sys terns 

i n  Northern and Cent ra l  Nevada, by F .  H .  Olmstead, e t  a l . ,  USGS Open- 

File Report 75-56, Menlo Park,  C a l i f o r n i a ,  1975. 

3 .  Geothermal Energy Resource Assessment, by H .  A. Wollenberg, e t  a l . ,  

Lawrence Berkeley Laboratory,  UCID-3762, Berkeley, C a l i f o r n i a ,  J u l y  

1975. 

Northern Utah 

1 .  Geothermal I n v e s t i g a t i o n s  a t  Se l ec t ed  Thermal Systems of the Northern 

Wasatch Front  - Weber and Box Elder Counties ,  Utah, by Peter Murphy and 

J. Wallace Gwynn, Utah Geological and Mineral Survey, RI No. 141, S a l t  

Lake C i t y ,  Utah, November 1979 ( i n  p r e s s ) .  

2 .  Thermal Waters of Utah, by Harry D. Goode, Utah Geological and Mineral 

Survey, RI No. 129, S a l t  Lake C i ty ,  Utah, November 1978. 
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E L E C T R I C  P O W E R  R E S E A R C H  I N S T I T U T E  

D r .  John Lund 
Professor & Energy Assoc. 
Geoth-w Proyram 
Oregon Institute of Technology 
Klamath Falls,  OR 97601 

Dear John: 

Septanber 23, 1980 

As we discussed on the telephone, I am now of the opinion that the 
caprpnercial ava i l ab i l i t y  dates fo r  binary cycle geothesmal mer 
plants that w e  used i n  our Technical Assessment Guide may be con- 
servative. A t  the time we 
developed those dates the on-line da t e  fo r  the  f i r s t  ccarmercial 
s i z e  binary cycle plant  was uncertain. 
cycle dgllonstration p e r  plant  of m e r c i a l  design and s i ze  w i l l  
cane on-line in mid 1984. 
two years of damnstrat ion m u l d  be needed to confirm cmercial  
v i ab i l i t y .  
of the p-oject than on time. 

There are two basic reasons for t h i s .  

I t  m appears that a binary 

Those dates also assumed that a t  least 

%e actual time w i l l  depend more on the ear ly  success 

With these fac tors  i n  mird, it is pssible that binary cycle 
cmercial ava i l ab i l i t y  could m e  as early as 1985. 

i 



Examp 1 e 

See pp. 117-123 

resident ia l ’  (R) 
x lo9  Btu/yr 

I 

4 

co 
P 

I 

commercial (C) 
x l o 9  Btu/yr 

Public ( P )  
x l o 9  Btu/yr 

E ? m  

19. 

20000. 
0.91 
0.551 

5726. 
0.7 

-1. 
0.76 
6. 

262.101 
213.584 

90.2537 
8.9261 

99.1799 
574.8683 

5.7736 
17.3208 
0.1007 
0.1871 

23.0945 
0.2879 

23.3824 

7.9553 
23.8659 
0.1385 
0.2573 

31 .8212 
0.3959 i 32.21 72 

630.468 
786.4 
366.3264 

475.6883 

i 
384.8 
107.3326 

~ ~ Q ~ ~ ~ ~ ~ ~ ~ m  653 
DTRECT-USE LOAD SUMMARY B Y  SITE 

S i t e  # (Oregon 202-203/ID 9a--see Table 73, pp.  125-127) 

Population 

cW 

c D  

TC 

‘h 
DD 

T 
‘DC 

SHLl 
SHL2 
WHLl 
WHL2 
SHLR 
WHLR 
RHL 

WHL4 
SHLC 
WHLC 
C HL 

WHL6 
SHLP 
WHLP 
PHL 

THL 

TEL 

2 

Elec t r ic  space heating 
Fossil fuel space heating 
Elec t r ic  water heating 
Fossil fuel water heating 
Total space heating 
Total water heating 
Total residenti a1 heating low temperature 

*Reduced t o  3/4 i n  

area--see p .  124. 

Tot a1 commerc i a 1 he a t  i ng 

Total public heating 

Total heating load x l o 9  Btulyr (R+ C+P only)* 
Total indus t r ia l  process load x l o 9  Btu/yr 
Elec t r ic  component of t o t a l  heating load x lo9 Btulyr 

Electric component of indus t r ia l  process load x lo9  Btu/yr 
Electric component i n  x l o 6  kwhr/yr (R+C+P only)* 

(R+C+P only)* 
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GEOTHERMAL REEULATORY PROCESS Pro-Lease ActMties 

Competitlve Leasing 
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To f a c i l i t a t e  t h e  EA process  t h e  AGS prepares  
a d e t a i l e d  EA when t h e  f i rs t  deep explora tory  
d r i l l i n g  i s  proposed on a l e a s e  (o r  u n i t )  
Environmental b a s e l i n e  information of t h e  en- 
t i r e  l e a s e  (o r  u n i t )  i s  gathered f o r  t h a t  EA 
and mav he used aga in  i n  t h e  p repa ra t ion  of 
subsequent EA'S .  

GEOTHERMAL REGULATORY PROCESS (continued) 

Post-Lease Activities 

- - _  

Proceedure f o r  j o i n t  BLY-DO and AGS review 
of development and product ion p l ans  is  es- 
s e n t i a l l y  same as review o f  P lan  of  Onerat ion 
inc luding  p r e p a r a t i o n  of  Environmental Analvs is .  

A r e c e n t  change i n  r e g u l a t i o n s  al lows pos t  
lease exp lo ra t ion  without  a Plan of Operat ions 
and EA. P r i o r  t o  t h i s  pos t  l e a s e  exp lo ra t ion  
r equ i r ed  an EA t o  be completed on t h e  P lan  of 
Operat ion and n o t i c e  of i n t e n t  t o  conduct geo- 
thermal  r e source  exp lo ra t ion  ope ra t ions  be fo re  
e n t r y  onto  t h e  l e a s e  land f o r  any a c t i v i t y  
bevond casua l  u s e .  
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