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ABSTRACT 

A geothermal resource near the Veterans Administration Hospital facili- 
ties in Boise, Idaho, has been used since the turn of the century for space 
heating of homes. 
some of the Veterans Hospital facilities. 
presented, economic evaluation criteria are given, and heating system 
alternatives for the facilities are compared. 

This report discusses a plan for using this resource in 
Preliminary cost estimates are 
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FOREWORD 
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The Geothermal Technical Assistance Program was developed under the 
premise that the majority of groups or individuals with available geothermal 
resources do not have the experience or manpower necessary to do a prelimi- 
nary engineering ,and economic feasibility evaluation for geothermal energy 
projects. In order to disseminate technical information and to facilitate 
expanded use o f  geothermal energy resources, assistance was provided through 
FY-1981 in a consulting format on a first-come, staff-and-funds-available 
basis. Technical assistance can relate to conceptualization; engineering; 
economics; water chemistry implications for environmental, disposal, and 
material selection considerations; and planning and development strategies. 
This report is one of a series adapted from consultation provided to 
requesters either through in-house efforts or through limited efforts sub- 
contracted to local engineering firms. The Geothermal Technical Assistance 
(GTA) reports in this series. -..’: which are listed below, will be available 

. .  

early in 1982’to those with 

GTA EG&G 
Report No. Report No. 

1 .  EGG-GTH-5512 

interest in speci-fic geothermal applications. 

Title 

Aquaculture Facility Potential at Boulder Hot 
SDrinas. Boulder, Montana 

2. EGG-GTH-552 1 Prel’iminary Geothermal Disposal Considerations, 
State Health Laboratory, Boise, Idaho 

3 .  EGG-GTH-5573 

- 1  

4. EGG-GTH-’5574 

5. - EGG-GTH-5575 

6. EGG-GTH-5599 

‘ .* -Is 

7: - EGG-GTH-5617’ 

Geothermal Conversion at Veterans Hospital, 
Boise,  Idan0 

. I  -._ .. .. 
Geothermal Applications for Highway Rest Areas 

Geothermal Applications for a Tannery 

Preliminarv Conceotual Desian for Geothermal 
. i’ 

- a - < -  - r -  

Space.Heating Conversion ,of- School District 50 
Joint Facilities at Pagosa Springs, Colorado 

Selected Geothermal Technical Assistance Efforts 

heating projects, five district heating proj- 
ects, and three heat exchanger projects) 

. 1  . , - - -  

lcom Prls’ng - snort aes criptions o t  ten space 

i i i  
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GEOTHERMAL CONVERSION AT VETERANS 
HOSPITAL, BO1 SE , I DAH0 

INTRODUCTION 

c 

Veteran 's  A d m i n i s t r a t i o n  (VA) Hosp i ta l  f a c i l i t i e s ,  l oca ted  near down- 

town Boise, Idaho, i nc lude  se rv i ce  f a c i l i t i e s  o f  a v a r i e d  nature,  rang ing  
f rom hea t ing  p l a n t ,  storage, and shop b u i l d i n g s  t o  laundry, c u l i n a r y ,  c l i n -  

i c a l ,  p a t i e n t ,  and s t a f f  r e s i d e n t i a l  b u i l d i n g s .  The h o s p i t a l  complex i s  
l oca ted  near a geothermal resource t h a t  has been used s ince  t h e  t u r n  o f  t he  

cen tu ry  f o r  space hea t ing  o f  homes. Geothermal w e l l s  ad jacent  t o  t h e  VA 
H o s p i t a l  p r o p e r t y  produced water a t  a temperature near 170°F d u r i n g  recen t  

f l o w  t e s t s .  W i th in  the  l a s t  two years, a geothermal space hea t ing  conver- 

s i o n  has been implemented a t  t h e  S ta te  o f  Idaho Hea l th  Labora tory  i n  Boise, 

w i t h  i t s  space heat ing  requirements supp l ied  by t h e  170°F geothermal water 

as t h e  heat  source f o r  a c losed c i r c u l a t i n g - w a t e r  hea t ing  system. Chemical 

cons t i t uency  o f  t he  thermal e f f l u e n t  a l lows d ischarge t o  t h e  Boise R ive r  
a f t e r  c o o l i n g  t o  reduce l o c a l  thermal e f f e c t s  on t h e  r i v e r .  

A v a i l a b l e  i n fo rma t ion  i n d i c a t e s  t h e  ex is tence and a v a i l a b i l i t y  o f  165 

t o  170°F geothermal water f o r  use a t  t h e  h o s p i t a l  complex. 

temperature i s  adequate f o r  space heat ing,  as w e l l  as domestic and laundry  

water hea t ing  i n  p r o p e r l y  designed systems, i f  s u f f i c i e n t  f l o w  i s  ava i l ab le .  

Th is  thermal water cou ld  a l so  be used t o  preheat b o i l e r  makeup water. 

Water a t  t h i s  

1 



CONVERSION CONS I DERAT IONS 

Space conditioning, water heating, and other heating requirements at 
the VA Hospital are supplied by a gas-fired boiler system, which is being 
considered for extensive renovation or replacement in 1985. 
the mechanical systems to supply a significant fraction of the total heat 
load from a geothermal source could conceivably reduce the optimum design 
capacity, and thereby the cost, of the new steam plant. Of course, if 100% 
backup capacity to carry the geothermal load is considered necessary, no 

reduction in capacity or cost will ensue. Additionally, capital costs for 
geothermal conversions may be increased, since two types of equipment would 
be provided to allow optional use of steam or geothermal water as the heat 
source. 

Conversion of 

Available information indicates that Buildings 27, 67, and 85 offer 
the best opportunities for conversion to geothermal space heating. The 
first two buildings are heated by low-pressure steam systems, using vacuum 
return. Building 85 is heated by a hot water system with a 16OOF design 
temperature; the water is heated in a steam-water heat exchanger. These 
buildings are all believed to require and use higher pressure steam for 
special applications such as equipment sterilization. 
these special applications would not be affected by geothermal conversion 
of the space heating systems. 

It is expected that 

Building 85 

Geothermal conversion of Building 85, the clinical support building, 
A plate-type heat exchanger could provide should be easily accommodated. 

closed-system water temperatures approaching the design temperature of 
160°F, with geothermal water temperatures near 170°F. 
conversion would be for the heat exchanger, geothermal service connection 
to the building, valves, and fittings. 
costs are shown in Table 1. 

Major costs for this 

A preliminary estimate of these 

P. 
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TABLE 1. PRELIMINARY ESTIMATED CONVERSION COSTS, BUILDING 85, DESIGN HEAT 
LOAD 2,500,000 Btu /hr  

I n s t a l l e d  Cost 
I tem ( % )  

P la te - t ype  heat  exchanger 10,000 

Valves, f i t t i n g s ,  con t ro l s ,  pipe, 
se rv i ce  connection, system m o d i f i c a t i o n  5,000 

T o t a l  15,000 

B u i l d i n g s  27 and 67 

B u i l d i n g s  27 and 67, used as p a t i e n t  r e s i d e n t i a l  bu i l d ings ,  are heated 

by low-pressure steam systems. Examination o f  heating-system drawings f o r  
B u i l d i n g  27 i n d i c a t e s  t h a t  t h e  low-pressure steam system cou ld  be mod i f i ed  
t o  a c losed c i r c u l a t i n g - w a t e r  system. 
p i p i n g  and t h e  e x i s t i n g  convectors and r a d i a t o r s  would r e q u i r e  a d d i t i o n a l  

heat ing  capac i ty .  Because o f  t h e  use o f  lower-temperature water i n  p lace  

of steam, t h e  design heat ing  capac i t y  would be reduced some 25 t o  30%. 

I n s t a l l a t i o n  o f  ho t  water c o i l s  i n  v e n t i l a t i o n  ductwork t o  preheat v e n t i l a t -  

i n g  a i r ,  and i n s t a l l a t i o n  o f  ho t  water f a n - c o i l  u n i t s  i n  app rop r ia te  loca-  

t i o n s  cou ld  make up t h e  l o s t  heat ing  capaci ty .  Fan-co i l  u n i t s  cou ld  most 

e f f e c t i v e l y  be p laced where increased a i r  c i r c u l a t i o n  and heat ing  are  more 

des i red,  such as i n  l a r g e  bed-wards, near entrances w i t h  h i g h  i n f i l t r a t i o n  
losses, and i n  l o c a t i o n s  w i t h  l a r g e  glazed areas. Major  cos ts  f o r  conver t -  
i n g  these b u i l d i n g s  would i nc lude  heat  exchangers, c i r c u l a t i o n  pumps, expan- 

s i o n  tanks, f a n - c o i l  u n i t s ,  p ip ing ,  f i t t i n g s ,  and con t ro l s ,  t oge the r  w i t h  

eng ineer ing  ana lys i s  and des ign costs .  

Use of t h e  e x i s t i n g  supply and r e t u r n  

A p r e l i m i n a r y  estimat,e o f  cos ts  f o r  geothermal convers ion o f  t he  space 

hea t ing  system i n  B u i l d i n g  27 i s  based on examination of heat ing  system 

drawings and t h e  des ign heat  load. 

hea t ing  system i n  B u i l d i n g  67 can be rough ly  est imated by  l i n e a r l y  ext rapo-  

l a t i n g  t h e  est imated cos t  f o r  B u i l d i n g  27, according t o  t h e  design heat 
loads o f  t h e  two b u i l d i n g s .  These cos t  est imates are  shown i n  Table 2. 

The cos t  f o r  convers ion o f  t h e  space 

3 



TABLE 2. PRELIMINARY ESTIMATED CONVERSION COSTS, BUILDING 27, DESIGN HEAT 
LOAD 1,100,000 Btu /hr  

Four l -hp  c i r c u l a t i o n  pumps ( 2  spares) 

Two 60-gal lon minimum expansion tanks 

Ten 30-MBh f a n - c o i l  u n i t s  o r  equ iva len t  

Miscel laneous pipe, valves, f i t t i n g s ,  
con t ro l s ,  se rv i ce  connection, system 
modi f  i c a t i o n s  

P l a t e  heat exchanger 

Steam-water heat exchanger 

Subto ta l  
Contingency (25%) 
Subto ta l  
Design and Ana lys is  (20%) 

B u i l d i n g  67, des ign heat load 
(1,900,000 Btu/hr ,  $48,000 x 1.9/1.1) 

T o t a l  

I n s t a l  l e d  Cost 
. ( $ 1  

500 

500 

6,500 

8,000 

10,000 

6,500 

32,000 

8,000 

82,000 

130,900 

* T h e  geothermal source cou ld  a lso  poss ib l y  be used f o r  heat ing  domestic 

and laundry water and preheat ing  b o i l e r  makeup water. The water requ i red  

f o r  these purposes i s  est imated t o  be 7,000 ga l l day  each f o r  domestic and 

laundry water, and 2,000 gal /day f o r  b o i l e r  makeup. Peak demand f o r  these 

uses may no t  occur a t  t h e  same time, and would no t  l i k e l y  r e l a t e  t o  average 

d a i l y  use i n  t h e  same manner. 

demands are assumed t o  be 100 gpm each. 

For es t ima t ing  purposes, however, peak 

Geothermal heat ing  o f  domestic water and b o i l e r  makeup water would 
r e q u i r e  heat exchangers t o  i s o l a t e  these systems f rom t h e  geothermal system. 
I f  water chemist ry  and temperature permit,  cons ide ra t i on  should be g iven t o  
us ing geothermal water d i r e c t l y  i n  the  laundry washing c y c l e  and employing 

appropr ia te  commercial detergents  f o r  t he  water temperature and s a n i t a r y  

requ i rement s . 
4 



Major convers ion cos ts  t o  e f f e c t  these a p p l i c a t i o n s  o f  geothermal 
energy would be f o r  s e r v i c e  connections, heat  exchangers, f i t t i n g s ,  and 
con t ro l s .  
f o r  each o f  these uses. Costs a re  summarized i n  Table 3. 

I t  was assumed t h a t  a s i n g l e  heat  exchanger would be r e q u i r e d  

TABLE 3. PRELIMINARY ESTIMATED CONVERSION COSTS FOR DOMESTIC, LAUNDRY, AND 
BOILER MAKEUP WATER 

I n s t a l  l e d  Cost 

20 , 000 

system mod i f i ca t i on ,  and i n s t a l l a t i o n  10,000 

I tem ( 8 )  
P 1 a te - type  heat exchangers 

Pipe, valves, f i t t i n g s ,  con t ro l s ,  

T o t a l  30,000 

Assuming a 2OoF design temperature drop across t h e  space hea t ing  

systems, t h e  geothermal water f l o w  h a t  would be r e q u i r e d  t o  s e r v i c e  t h e  

fo rego ing  design heat  loads was e s t  mated. 
s p e c i f i c a t i o n s  and p r e l i m i n a r y  cos t  est imates f o r  t h e  geothermal supply  and 

d i s t r i b u t i o n  system were then c a l c u  ated. 
assumed t h a t  geothermal water would be brought  f rom a supply  main a t  a p o i n t  

near t h e  F i f t h  and Four th  S t r e e t  i n t e r s e c t i o n s  t o  the  h o s p i t a l  complex, and 

d ischarged t o  a r e t u r n  main a t  t h e  same l o c a t i o n .  The supp ly  and r e t u r n  

mains cou ld  be rou ted  e i t h e r  ( a )  d i r e c t l y  t o  t h e  power p lan t ,  then t o  t h e  

l aundry  and b u i l d i n g s  t o  be heated, o r  (b) east  f rom t h e  i n t e r s e c t i o n  t o  

t h e  bu i l d ings ,  then t o  t h e  power p l a n t  and laundry. 
i s  approx imate ly  t h e  same. 

From t h i s  est imate,  s i z i n g  

For  es t ima t ing  purposes, i t  was 

The o v e r a l l  d i s tance  

D i s t r i b u t i o n  Svs tern 
. &  

Design heat  loads of B u i l d i n g s  27, 67, and 85 are  about 1,100,000 Btu/hr ,  

1,900,000 Btu/hr, and 2,500,000 Btu/hr, respec t i ve l y .  
r e q u i r e  geothermal f lows of about 110, 190, and 250 gpm respec t i ve l y ,  based 
on a 20°F temperature drop across t h e  respec t i ve  heating, systems. 

These heat  loads would 

T o t a l  

5 



f low requ i red  f o r  t h e  water heat ing  was p rev ious l y  est imated a t  300 gpm. 

An 8-inch-diameter supply main would a l l ow  f o r  a 20% increase i n  demand, t o  

about 1,000 gpm, compared t o  t h e  estimated peak demand of 850 gpm f o r  t h e  

fo rego ing  conversions. Th is  would a l l ow  f o r  expansion of t h e  geothermal 

system wi thout  n e c e s s i t a t i n g  an increase i n  supply l i n e  s ize.  

s izes  should be such t h a t  f l u i d  v e l o c i t i e s  a re  below 10 fps, t o  min imize 
f r i c t i o n  losses. 
p i p e  were bu r ied  below t h e  f r o s t  l i n e  and t h e  surrounding s o i l  were dry .  

Supply l i n e  

I n s u l a t i n g  t h e  supply l i n e  would n o t  be necessary, i f  t h e  

Supply and r e t u r n  p ip ing ,  valve, and f i t t i n g  cos ts  a re  based on se lec-  

t i o n  of asbestos-cement p i p e  and s t e e l  valves. Estimated cos ts  i nc lude  

t rench ing  and b a c k f i l l .  These cos ts  a re  summarized i n  Table 4. 

TABLE 4. PRELIMINARY ESTIMATE OF D I S T R I B U T I O N  SYSTEM COST 
(Asbestos-Cement Pipe, S tee l  Valves) 

Length 

2 , 600 

1,200 

400 

( f t )  
Diameter 

( i n . )  

8 

6 

4 

Pipe 

Pipe 

Pipe 

Valves & F i t t i n g s  

Tot  a1 

I n s t a l  l e d  Cost 
($1 

23,000 

8,400 

2,500 

5,ooo 
38,900 

The geothermal convers ion could be phased over severa l  years, a f t e r  t h e  

i n s t a l l a t i o n  o f  geothermal supply and r e t u r n  l i nes .  Conversion o f  b u i l d i n g  

heat ing  systems i n  con junc t i on  w i t h  o the r  planned renovat ions would lessen 

t h e  d i s r u p t i o n s  i n  r e s i d e n t i a l l y  occupied bu i l d ings .  Some cos t  savings may 

accrue i f  ex tens ive  b u i l d i n g  renovat ion  a f f o r d s  g rea te r  access t o  hea t ing  

system components t h a t  must be modif ied. 



ECONOMIC ANALYSIS 

A p r e l i m i n a r y  economic a n a l y s i s  of t h e  preceding geothermal convers ion 
was conducted us ing two independent approaches, i .e., annual wor th c o s t  

a n a l y s i s  and present  wor th c o s t  ana lys i s .  The annual and p resen t  wor th  c o s t  

analyses a r e  based on amor t i z i ng  c a p i t a l  c o s t  over 25 years, w i t h  income and 
f i x e d  annual cos ts  added, and computing of t h e  present  va lue o f  c a p i t a l ,  

f u t u r e  costs ,  and f o s s i l - f u e l  savings over 25 years. 

10% was used i n  bo th  analyses. 

c r i t e r i a  a re  summarized i n  Table 5. Costs and r e s u l t s  ob ta ined  f rom t h e  two 

economic approaches f o r  t h e  va r ious  op t i ons  a r e  summarized i n  Table 6. 

The d i scoun t  r a t e  of 

Cost elements and o t h e r  economic e v a l u a t i o n  

TABLE 5. ECONOMIC EVALUATION C R I T E R I A  

P r o j e c t  1 i f e  

Minimum r a t e  o f  r e t u r n  

25 years, no scrap va lue f o r  
geothermal system 

10% c o s t  o f  borrowed money 

U t i l i z a t i o n  f a c t o r s  20% (21  b i l l i o n  B t u l y r )  
30% (31.5 b i l l i o n  B t u / y r )  

E l e c t r i c i t y  - ?#/kwh 
N a t u r a l  gas - 23$/therm, -10% annual 

Purchased geothermal - $2/MBtu 

U n i t  energy cos ts  

e s c a l a t i o n  

F i x e d  cos ts  B u i l d i n g  conversions . $145,900 
30,000 Water h e a t i n g  convers ions 

D i s t r i b u t i o n  system (purchased . 
geothermal o p t i o n )  38,900 

Product ion,  d i sposa l  w e l l s  300,000 
Annual maintenance (purchased 

geothermal o p t i o n )  4,300 
Annual maintenance ( w e l l  o p t i o n )  5,520 

D i s t r i b u t i o n  system ( w e l l  o p t i o n )  20,000 

Annual geothermal 20% u t i l i z a t i o n  f a c t o r  1,700 
supply  pumping 

Annual geothermal 20% u t i l i z a t i o n  f a c t o r  300 

(Pumping cos ts  increase 50% f o r  30% u t i l i z a t i o n  f a c t o r )  

. .  -. c i r c u l a t i o n  pumping -. 

. 
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TABLE 6. COSTS AND COMPARISONS OF HEATING SYSTEM ALTERNATIVES 

Supply & Disposal Purchased Geothermal , 

Alternative We1 1s Energy Natural Gasa 
Utilization Factor 20% 30% 20% 30% 20% 30% 

Annual heat load (Btu) -- -- 2.1 x 101o 3.15 x 1010 2.1 x 1010 2.1 x 10'0 
Capital cost ( $ )  495,900 - 495,900 2 14,800 214,800 
Maintenance ( $ )  5,520 5,520 4,300 a 4,300 
Electricityb ( $ )  2,000 3,000 3 00 450 
Geothermal energyC ( 5 )  -- -- 42,000 63,000 
Annual worth cost analysis ( $ )  62, 168d 63,168 70,271 91,421 

Present worth cost analysis 
( $ 1  " 564,15gd 573,236 637,788 

00 a. 

b. Electricity @ 2g!/kWh. 

c. 

d. Most economical choice. 

Natural gas @ 23$/theym, -10% annual escalation over 25 years. 

< -  

Geothermal energy purchased @ $2/MBtu. 

829,767 1,097,672 1,646,509 

. 1 7 



From six heating system options, i.e., four combinations of geothermal 
energy and two combinations of natural gas, the best economic option was 
confirmed through, and common to both analytical methods employed. 
combinations represent geothermal utilization factors of 20 and 30%, with 
annual heat loads of 21 billion and 31.5 billion Btu/yr, respectively. 

The four 

Alternative geothermal 
geothermal energy cost 
disposal wells costing 
system costs for these 
respectively. Pumping 

energy sources were assumed to be: (a) purchased 
ng $2/million Btu; and (b) drilled production and 
$200,000 and $100,000, respectively. Distribution 
alternatives were estimated at $38,800 and $20,000, 
costs were-based on annual consumption of 85,000 kWh 

for well pumping and 15,000 kWh for circulation pumping, at the 20% utili- 
zation factor. 
factor. Electricity was costed at 2t/kWh. For comparison, natural gas was 
costed at 23C/therm, initially, and escalated at 10% annually. 

Electrical consumption increases 50% for the 30% utilization 

Use of constant unit prices for geothermal energy and purchased elec- 
trical energy was based on the assumption that except for production/rein- 
jection well pumping, electrical charges would be relatively small, and that 
a long-term contract for purchase of geothermal energy would be negotiated. 
Price escalation for natural gas is expected to be markedly greater than 
that for electricity or geothermal energy over the 25-year life of the proj- 
ect. Costs of $300,000 for two production wells and one injection well are 
believed t o  be a conservatively high estimate for the probable 1,000 to 
1,200-foot depth to the geothermal resource. Deep-well drilling costs are 
currently escalating at a rate near 25% per year. 
that resource development may be competitive with purchase of geothermal 
energy under these conditions warrants further investigation. 

A preliminary indication 

The most cost-effective option appears to be the geothermal option, 
wherein the heating system design point represented 21 billion Btulyr, and 
wells were to be drilled. It is of interest to note that the best economic 
choice is only slightly better 'than the geothermal well-drilling option 
delivering 31.5 billion Btu/yr: 
latter case, and equal to the lower geothermal-heat duty system. 
ance was therefore in favor of the lower-heat duty option, due to the 
greater pumping variable cost ascribed t o  the higher geothermal-heat duty 

The fixed costs were held constant for this 
The bal- 
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option. The natural gas fuel options were markedly the worst economic 
choices throughout the entire analyses. 
projections do not a1 low a clear choice between purchase o f ’  geothermal 
energy and developing the on-site resource. 
well cost, unit price, escalation rates for energy, and the annual heat load 
becomes available, a more distinct choice may become apparent, and a 
return-on-investment analysis can be performed. 

Available cost information and cost 

If more precise information on 

i .  
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