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GEOTHERMAL HEATING SYSTEM 

FOR THE 

CHILDREN'S MUSEUM OF UTAH 

S a l t  Lake City, Utah 

INTRODUCTION 

The Ch i l d ren ' s  Museum o f  Utah was opened i n  October 1983 i n  an o l d  b u i l d i n g  

l oca ted  a t  840 N. 300 W i n  S a l t  Lake City. 

the e a r l y  p a r t  o f  t h i s  century  as a r e s o r t ,  housing two swimming pools, an 
Olympic s i z e  one and a smal ler  one, and a few guest rooms. 

b u i l d i n g  was d iscont inued i n  the  f i f t i e s  and the b u i l d i n g  was abandoned. 

was becoming run  down and d i l a p i d a t e d  when taken over by the  Museum. 
today, the Museum i s  us ing  on ly  some 4,500 square f e e t  o u t  o f  a t o t a l  o f  about 

35,000square f e e t  o f  f l o o r  area. 

The b u i l d i n g  was cons t ruc ted  du r ing  

This  use o f  the 

I t  

As o f  

The plans f o r  f u t u r e  u t i l i z a t i o n  o f  the  b u i l d i n g  are no t  a t  a l l  f i r m .  Work 
i s  underway t o  extend the  museum i n t o  an approximately 3,500 square f o o t  area 

on t h e  f i r s t  f l o o r  i n  the south end o f  the  b u i l d i n g .  The b i g  pool area, over 
10,000 square fee t ,  w i l l  be converted i n t o  a res tau ran t  and the  smal l  pool area, 
approximately 2,000 square fee t ,  i s  be ing planned as an audi tor ium.  Both pool 
areas extend up through t h e  b u i l d i n g ,  bu t  o ther  pa r t s  o f  the b u i l d i n g  are two 

s t o r i e s .  The northwest end o f  the  second l e v e l  w i l l  p rov ide  f o r  o f f i c e  space 
f o r  t h e  museum whereas the  remaining second l e v e l  space w i l l  be used f o r  ad- 
d i t i o n a l  e x h i b i t s .  A basement i n  the  area underneath t h e  south end o f  the  

b u i l d i n g  w i l l  probably be used as a work shop f o r  t h e  museum once i t  has ex- 
panded throughout the who1 e b u i l d i n g  (Lance Robson, E x h i b i t s  Comni t t e e ,  personal 

communication). 

The b u i l d i n g  i s  l oca ted  i n  t h e  sou the r l y  p a r t  o f  t he  so c a l l e d  Warm Springs 

F a u l t  geothermal area which i s  a s t r i p  approximately th ree  m i les  l ong  by 4,000 

f e e t  wide t h a t  p a r a l l e l s  the  western edge o f  t he  S a l t  Lake s a l i e n t  t o  the  no r th -  

west o f  the Utah Sta te  Cap i to l  B u i l d i n g  (Murphy and Gwynn, 1979). 

occurrences o f  warm water along the  Warm Springs F a u l t  a re  bound on the n o r t h  
by Beck Hot Springs and on the  south by Wasatch Hot Spr ing (F igure  1 ) .  

The observed 

The 



FIGURE 1 

Geologic Map o f  Warm Springs F a u l t  Area,  

S a l t  Lake and Davis Count ies ,  Utah 

( f r o m  Murphy and Gwynn, 1979)  

2 



Wasatch Hot Spring supplied water t o  the swimming pools when they were i n  
operation. 

This report  presents t he  resu l t s  of a study t o  determine the  engineering 
and economic f e a s i b i l i t y  of u s i n g  the Wasatch Hot Spring resource for  space 
heating of the Children's Library b u i l d i n g .  

SUMMARY OF CONCLUSIONS 

The Wasatch Hot S p r i n g  w i t h  a reported flow of about 63 gpm (240 R/min) 
a t  an average temperature of 104°F i s  not  capable of furnishing the needed 
heat fo r  the Children's Museum b u i l d i n g .  
the thermal waters flow t o  their  ou t l e t s  a t  the Warm S p r i n g s  Fault are not 
presently known. 
layers  of the  ear th  along the Warm Springs Fault t h a t  increased geothermal 
flow a t  a higher temperature can be produced by d r i l l i n g  in to  the f a u l t .  

The underground paths along which 

I t  i s  possible i f  the thermal water ascends from the deep 

Assuming t h a t  su f f i c i en t  geothermal f lu id  quantity is  produced by d r i l l i n g  
in the area,  an analysis i s  made of a geothermal heating system for  the building 
based on d i f f e ren t  f l u id  temperatures. I t  i s  assumed tha t  the present and 
planned heating systems be l e f t  i n t a c t  w i t h  the  gas f i r e d  boi lers  taking over 
during cold periods when the geothermal system f a i l s  t o  provide su f f i c i en t  
heat .  Economic a n a l y s i s  shows t h a t  t h e  geothermal system i s  very a t t r a c t i v e ,  

even for the lowest geothermal f l u i d  temperature considered (11OOF). 

In view of these r e su l t s ,  i t  i s  recommended t h a t  an exploratory well be 

Only then can i t  be determined whether o r  not a geo- 
d r i l l e d  i n  the v i c in i ty  of the Wasatch Hot  S p r i n g  i n  order to  es tab l i sh  the 
underground flow p a t h .  
thermal h e a t i n g  system for the Children's Museum o f  Utah i s  feas ib le .  

THE WASATCH HOT SPRING GEOTHERMAL RESOURCE 

The Wasatch Hot S p r i n g  i s  approximately one mile northwest o f  the  Utah 
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S ta te  Cap i to l  B u i l d i n g  between V i c t o r y  Road and Beck S t r e e t .  

t he  s p r i n g  supp l ied  water t o  t h e  Wasatch swimning pools l oca ted  i n  the b u i l d i n g  
which now houses the  Ch i ld ren 's  Museum o f  Utah. Over the  years,  when the  

swimming pools were i n  operat ion,  a se r ies  of  s i x  tunnels  were d r i v e n  nor th -  

eastward i n t o  cemented a l l uv ium and t u f a  deposi ts  i n  at tempts t o  increase 

the  sp r ing  f low.  

the  discharge e v e n t u a l l y  decreased w i t h  t ime. 

w i t h  seasonal and c l i m a c t i c  v a r i a t i o n s .  

(100.4" t o  107.6"F) have been repor ted  (Murphy and Gwynn, 1979)(Cole, 1982, 

1983), and t h e  average discharge i s  240 R/minute (63.4 gpm, Cole, 1983). 

A t  one t i m e  

The tunne l i ng  u s u a l l y  increased the  f l ow  temporar i l y ,  bu t  

The s p r i n g  discharge a l so  var ies  

Temperatures rang ing  from 38°C t o  42°C 

The Wasatch Hot Spr ing c o n s t i t u t e s  the  southernmost observed occurence 

o f  warm water  a long the Warm Springs F a u l t  (F igure  1 ) .  

geothermal system has been the  sub jec t  o f  severa l  s tud ies  (e.g. Murphy and 

Gwynn, 1979; Cole, 1982, 1983). 

Spr ing presented below i s  drawn from these sources. 

The Warm Springs F a u l t  

Most o f  t he  i n fo rma t ion  on the  Wasatch Hot 

The t o t a l  d isso lved s o l i d s  contents  (TDS) o f  Warm Springs F a u l t  thermal 

waters range from 6,000 t o  14,000 mg/R. I n  general , water w i t h  the  h ighes t  

I D S  va lue i s  found a t  the  nor thern  end o f  t h e  system. 

Hot Springs, and the  Monroc water w e l l s  (F igure  1 )  a l l  produce water i n  the 

TDS conten t  range from 12,800 t o  13,900 mg/l .  
known warm water  occurrences, Wasatch Hot Spr ing  has a TDS value o f  approximately 
6,000 mg/R. 

a TDS conten t  o f  approximately 9,700 mg/k (Murphy and Gwynn, 1979). 

Beck Hot Springs, Hobo 

A t  the  southern extend o f  the  

Water f rom Clark  Warm Spr ing  i s  between these two extremes w i t h  

, -  

Systematic chemical v a r i a t i o n s  through t ime a re  c h a r a c t e r i s t i c  o f  h o t  

spr ings  i s s u i n g  from t h e  Warm Springs Fau l t .  The observed chemical contents 
w i l l  t he re fo re  depend on the  t ime of year  as i n d i c a t e d  by F igure  2 which shows 

chemical data i n  mg/R and temperature i n  "C sampled a t  t he  Wasatch Hot Spr ing  

f o r  a pe r iod  o f  more than a year  and p l o t t e d  aga ins t  t ime i n  weeks. 

f i  gure i nd i  cates cyc l  i c a l  changes i n  water  chemi s t r y  where chemi ca l  enrichment 

i s  observed du r ing  the  sumner months and dep le t ions  occur  du r ing  f a l l  and e a r l y  

w i n t e r  months. These chemical v a r i a t i o n s  are accompanied by corresponding 

The 
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FIGURE 2 

Selected Chemical Compositions and Temperatures f o r  Wasatch 

Hot Springs P l o t t e d  Against Time i n  Weeks. 

W = Weak Flow Rate; W/M = Weak t o  Moderate Flow; M/S = Moderate to  

The Mumbers i n  ( ) a r e  

the Na/K/Ca Geothermometer Temperatures f o r  Those Weeks. 

Strong Flow Rate; S = Strong Flow Rate.  From Cole (1983)  

5 



changes i n  temperature and f l ow  ra tes .  

a t  times o f  maximum flow, t h e  h o t  s p r i n g  e x h i b i t s  i t s  h ighes t  sur face tem- 

peratures.  

For example, du r ing  the summer months 

The c o r r e l a t i o n  o f  maximum and minimum sur face temperatures w i t h  chemical 

enrichments and deplet ions,  respec t i ve l y ,  s t r o n g l y  suggests t h a t  mix ing  i s  

the  major process c o n t r o l l i n g  the c y c l i c  nature o f  the  chemistry and temperature. 

The h igh  concentrat ions o f  elements occur du r ing  per iods when i n f l u x  o f  non- 

thermal groundwater i s  the  lowest .  s i g n i f i c a n t  dec l ines  i n  the  concentrat ions 
o f  N a y  Ca, SiO2, C1 and SO4 co inc ide  w i t h  dec l ines  i n  sur face temperatures. 

A nonthermal end member temperature o f  22°C t o  28°C (71.6' t o  82.4'F) i s  r e -  

qu i red,  assuming t h a t  i t  has a TDS o f  500 mg/R o r  less ,  which i s  t y p i c a l  o f  

v a l l e y  groundwaters ad jacent  t o  the  Warm Springs F a u l t  zone. 

water i s  der ived  i n i t i a l l y  from mountain snow packs, t he  du ra t i on  o f  t ime from 

recharge t o  discharge i s  est imated t o  be f o u r  t o  s i x  months. This  est imate 
i s  a r r i v e d  a t  by assuming t h a t  major recharge occurs du r ing  the  sp r ing  thaw 

(Apr i l -May)  and by n o t i n g  t h a t  the  p a t t e r n  o f  major d i l u t i o n  i n  chemist ry  

occurs i n  September and October (Cole, 1982, 1983). 

I f  t h i s  cool  

I n  the  f a l l  o f  1978 the  Utah Geological  and Minera l  Survey (UGMS) con t rac ted  

w i t h  Peterson Brothers D r i l l i n g  Company o f  S a l t  Lake City, Utah, t o  d r i l l  13 

temperature g rad ien t  holes i n  nor thern  Utah. 

a long the Warm Springs F a u l t  (marked A ,  B, C, D, E i n  F igure 1 ) .  
were logged by UGMS, samples were taken every 5 t o  10 fee t ,  and temperatures 

were measured i n  January-February, 1979 (Murphy and Gwynn, 1979). 

F ive  o f  these holes were l o c a t e d  
The holes 

Figure 3 shows the  temperature p r o f i l e  i n  ho le  E which i s  l oca ted  about 

75 meters (246 f e e t )  west o f  t he  Wasatch Hot Spr ing  o u t l e t .  

d r i l l e d  through a se r ies  o f  sands and gravels  con ta in ing  va ry ing  percentages 
o f  c lay .  The genera l l y  e leva ted  temperatures measured below f i v e  meters a re  

the r e s u l t  o f  l a t e r a l  f l ow  o f  warm water through t h e  sands and gravels  from 

the s p r i n g  system loca ted  t o  t h e  eas t  (Murphy and Gwynn, 1979). 

The ho le  was 
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A d e t a i l e d  g r a v i t y  survey o f  the  Warm Springs Fau l t  geothermal area was 

made f o r  the  UGMS i n  February 1979. The survey cons is ted  o f  12 east-west 

g r a v i t y  l i n e s  a long which s t a t i o n s  were spaced a t  500 t o  1,000 f e e t  i n t e r -  

v a l s .  One o f  the  12 g r a v i t y  p r o f i l e s ,  p r o f i l e  number 5, has been modeled 

us i  ng a th ree  dimensional g rav i  t y  model i ng program. The observed grav i  t y  

p r o f i l e  5, the modeled g r a v i t y  p r o f i l e  and a s imple bedrock-a l luv ium model 

a re  presented i n  F igure 4. 

F igure 1. 

luv ium f i l l e d  graben and a h o r s t  b lock  on the  western edge. 

most f a u l t  corresponds t o  the  Warm Springs Fau l t ,  and the  downthrown b lock 
i s  covered by severa l  hundred fee t  o f  a l luv ium.  Approximately 1,500 f e e t  

t o  t h e  west a s i n g l e  and almost v e r t i c a l  f a u l t  hav ing approximately 4,000 

f e e t  o f  r e l i e f  def ines the  eastern edge o f  t he  deep graben. This  f a u l t  cor -  

responds t o  the  Hobo Springs F a u l t  i n  Figure 1 .  
graben a h o r s t  b lock  r i s e s  t o  w i t h i n  approximately 1,500 fee t  o f  t he  sur face  

(Murphy and Gwynn, 1979). 

The ac tua l  l o c a t i o n  o f  p r o f i l e  5 i s  shown i n  
The model cons is ts  o f  two f a u l t s  on the  eastern edge, a deep a l -  

The eastern- 

A t  the  western edge o f  the  

Some v a r i a t i o n s  i n  the  shapes o f  t h e  g r a v i t y  p r o f i l e s  appear i n  the g r a v i t y  

survey b u t  t he  general model descr ibed above appears t o  be app l i cab le  a l l  

a long the  Warm Springs Fau l t .  The w id th  of and depth t o  the  downthrown b lock  
o f  t he  f a u l t  inc rease t o  the south o f  l i n e  5 (see F igure l), b u t  displacement 

across the  Warm Springs F a u l t  remains minor i n  comparison t o  the  Hobo Spr ings 

F a u l t  t o  the  west. 

On the  bas is  o f  the  above observat ions,  Murphy and Gwynn (1979) reached 

the  f o l l o w i n g  conclusions about the  h o t  water system i n  the  Warm Springs F a u l t  

geothermal area. 

1.  The occurrence o f  warm water  i n  the  area appears t o  be c o n t r o l l e d  by two 

main Basin and Range s t ruc tu res :  a)  t he  Warm Springs F a u l t  s t r i k i n g  no r th -  
west and d ipp ing  65 t o  70" t o  the  southwest, and b )  the  Hobo Springs F a u l t  

s t r i k i n g  subpara l l e l  t o  the  Warm Springs F a u l t  and d ipp ing  s l i g h t l y  t o  the  
southwest, c lose  t o  90". 
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2 .  There i s  l i t t l e  doubt t h a t  recharge t o  the  Warm Springs Fau l t  thermal 

s p r i n g  system o r i g i n a t e s  i n  the  Wasatch Mountains east  o f  the  S a l t  Lake 

sa l  i e n t  . 
p o r t  the water  t o  the requ i red  depth. 

descends t o  depth, however, i s  n o t  p resen t l y  known. 

Steeply  d i  pp i  ng aqui fers and numerous f a u l  t s  cou ld  e a s i l y  t rans -  
The path by which the  water a c t u a l l y  

3. The Warm Springs F a u l t  geothermal system i s  a convect ive system i n  which 

water  i s  c i r c u l a t e d  t o  depth and heated by t h e  r e l a t i v e l y  h igh  geothermal 

g rad ien t  o f  the  Basin and Range province. 
e leva ted  temperatures a t  depth, the  water r i s e s  q u i c k l y  a long f a u l t s  t o  

A f t e r  be ing heated by the  

the  sur face  where i t  i s  discharged i n t o  near sur face aqu i fe rs ,  and t o  

sur face  as spr ings.  

Cole (1983) found by geothermometer c a l c u l a t i o n s  u t i l i z i n g  e i t h e r  qua 

(no steam l o s s ) ,  chalcedony, o r  Mg-corrected Na/K/Ca methods (Fourn ier ,  

t h a t  most thermal spr ings  i n  Utah have aqu i fe r  temperatures occu r r i ng  i n  

range from 25" t o  120°C (77" t o  248°F). Th is  temperature range suggests 

f l u i d  c i r c u l a t i o n  a long the  s teep ly  d ipp ing  f a u l t s  which c o n t r o l  ho t  sp r  

the  

t z  

981 ) 

the  
t h a t  

ng 
a c t i v i t y  i s  r e s t r i c t e d  t o  depths o f  t h ree  t o  f o u r  k i lometers  (9,800 t o  13,000 
f e e t ) ,  assuming thermal gradients  rang ing  from 32" t o  40°C/km. 

The c y c l i c  v a r i a t i o n  o f  t he  water chemist ry  i n  the Wasatch Hot Spr ing 

descr ibed by Cole (1983, see F igure  2)  suggests mix ing  o f  cool  groundwater 
w i t h  ascending thermal water  as p rev ious l y  descr ibed. 

o f  t h e  f l o w i n g  water t h i s  m ix ing  takes p lace  may be an impor tan t  f a c t o r  i n  

dec id ing  the u s a b i l i t y  o f  the thermal waters a long the  Warm Springs Fau l t .  

There a re  two d i f f e r e n t  p o s s i b i l i t i e s :  

Where a long the  path 

1. The thermal water  which i s  c i r c u l a t e d  t o  depth and heated i n  the  deep laye rs  

o f  t h e  Basin and Range prov ince f lows l a t e r a l l y  a t  depth and ascends a long 

f a u l t s  such as t h e  Warm Springs Fau l t .  As i t  nears t h e  surface, i t  i s  mixed 

w i t h  t h e  cool  water which has t r a v e l e d  l a t e r a l l y  from the mountains through 

the sur face l aye rs .  This  appears t o  be t h e  model descr ibed i n  the  papers by 

Murphy and Gwynn (1979) and Cole (1983). 
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2 .  The thermal water r i s e s  under the Range where i t  i s  mixed w i t h  the  cool 

Some invest igators  have expressed the  
surface water. From there i t  flows l a t e r a l l y  t o  i t s  ou t l e t s  along f a u l t s  
such as the Warm S p r i n g s  Fault. 
opinion tha t  this poss ib i l i ty  i s  no less l i ke ly  than the f i r s t  ( R .  Klauk, 
UGMS , personal comnuni cat ion)  . 

I t  i s  c l ea r  t ha t  the f i r s t  of the above models of fe rs  a good chance o f  

T h i s  can be done by d r i l l i n g  a well down t o  the Warm S p r i n g s  Fault 
producing considerably warmer water than i s  now flowing from the Wasatch Hot 
S p r i n g .  
below the downthrown block and casing of f  the overlying water bearing alluvium 
layer .  Figure 6 (from 
Gi l l ,  1980) shows the location of the Children's Museum re l a t ive  to  the Warm 
S p r i n g s  Fault. 
probably b.e located w i t h i n  the c i t y  owned property l i n e  as shown i n  Figure 6 .  

A proposed design of such a well i s  shown i n  Figure 5 .  

A well designed t o  cut the f a u l t  as shown i n  Figure 5 could 

I f  the thermal waters follow the path described by the  second model, no 
I t  temperature increase of the water i s  produced by d r i l l i n g  i n  the area.  

i s  therefore  of importance for  the future u t i l i za t ion  of the Warm S p r i n g s  F a u l t  
geothermal f i e ld  t o  es tabl ish the actual flow model for  the area.  

HEATING REQUIREMENTS IN CHILDREN'S MUSEUM BUILDING 

Estimates o f  the h e a t i n g  requirements o f  the Ch i ld ren ' s  Museum b u i l d i n g  

a r e  based on the following information received from Joseph Linton, Wayne 
Bingham, Architects,  S a l t  Lake City, who prepared the plans for  refurbishing 
the b u i l d i n g  for  the Museum. 

1 .  A l l  ex t e r io r  walls a r e  poured concrete, 12 inches thick and uninsulated. 

2 .  All f loors  between main and second levels and between basement and main 
levels  a r e  reinforced concrete w i t h  r i g i d  insu la t ion .  

3 .  Roofs a re  reinforced concrete and assumed t o  be uninsulated. 

11 
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FIGURE 6 
Location o f  Children's Museum of Utah 

Warm Springs Fault and Wasatch Hot S p r  

i n  Relat 
n g  (from 

on t o  the 
G i l l ,  1980) 



4. Windows are s i n g l e  pane, wood frame. 

Outside design a i r  temperature was chosen a t  3°F (99% value, ASHRAE Hand- 

book, 1977 Fundamentals, p. 23.14). 

be taken i n t o  use i n  e i g h t  phases i n  o rde r  as l i s t e d  below: 
I t i s  assumed t h a t  the b u i l d i n g  w i l l  

Phase 1: 
#1 and 2 as marked on Sheet no. A4, dated J u l y  1982, prepared by Joseph L in ton ,  

Wayne Bingham, A r c h i t e c t s .  

Main entrance w i t h  ves t i bu le ,  lobby, recept ion,  o f f i c e ,  and rooms 

This i s  t h e  p a r t  o f  t he  b u i l d i n g  a l ready i n  use. 

Phase 2: South end o f  b u i l d i n g ,  main l e v e l .  
f u rb i shed  and w i l l  be opened i n  a few weeks. 

This  i s  t he  area now being re -  

Phase 3: Large pool area ( res tau ran t ) .  

Phase 4: Small pool area (audi tor ium).  

Phase 5: 

Phase 6: 

Space i n  northwest corner  of  b u i l d i n g  on main l e v e l .  

Northern end o f  second l e v e l ,  i n c l u d i n g  space above main entrance. 

Phase 7: 

Phase 8: 

Remaining p a r t  of second l e v e l .  

Basement under southern end o f  b u i l d i n g .  

I n  c a l c u l a t i n g  t h e  heat  l o s s  f o r  each phase i t  was assumed t h a t  phases not 
y e t  i n  use would remain unheated. 

a re  presented i n  Table I. 
The r e s u l t s  o f  t he  heat  l o s s  c a l c u l a t i o n s  

The t a b l e  shows a r a t h e r  h igh  heat  l o s s  

i s  n o t  unexpected s ince  t h e  b u i l d i n g  i s  un 

c e i l i n g  h e i g h t  i n  t h e  two pool areas. 

PRESENT AND PLANNED SPACE HEATING 

per square f o o t  o f  f 

nsu la ted  and because 
oo r  area. This 

o f  t h e  very g rea t  

New hea t ing  systems have been designed and i n s t a l l e d  i n  those pa r t s  o f  t he  

Ch i l d ren ' s  Museum b u i l d i n g  a l ready i n  use and i n  t h e  p a r t  which i s  now being 
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31,696 
522,471 
165,724 
21 3,826 
918,123 
309,612 

54,323 
255,703 
31 5,584 

- 
2,232,895 

70.4 

35,224 
554,223 
165,724 
151,937 
918,123 
309,612 

54,323 
255,703 
31 5,584 

62,245 
2,233,2-51 

63.4 

TABLE I 

Heat ing Requirements o f  
Ch i ld ren 's  Museum B u i l d i n g  by Phases 

1-7 I A1 1 Phases i n  Use 1 1-2 1-3 1-4 1-6 1-5 
22.107 -20,520 F loo r  Area Heated, ft2 4,450 7,923 18,239 26,496 

480 ,873 
192,932 
275,715 
927,797 
309,612 

54,323 
258,067 

- 

~ 

378,098 
244,068 

275,715 
950,719 

- 
- 
- 
- 
- 

445,758 
241 ,197 
275,715 
934,689 
31 3,478 
69,511 

- 

429,888 
244,068 
275,715 
934,689 
316,703 

- 

79,452 
260,142 
282,500 

- 
- 
- 
- 
- 
- 

Volume Heated, fi 

Heat 
Losses 
by Phase 
B tu /h r  

2,018,446 1,834,590 1,771,175 

86.3 
542,642 

68.5 

1,470,502 

80.6 
To ta l  Heat Loss, Btu /h r  

To ta l  Heat Loss, B tu /h r  x ft2 

To ta l  Heat Loss, Btu /hr  x f t3 

274,008 
61 .6 83.0 76.2 

4.20 4.271 4.03 6.83 3.89 4.12 4.12 6.13 



refurbished, i . e .  i n  phases 1 and 2 .  
Dale R .  Wilde Co./Engineers i n  S a l t  Lake City. 

the  systems which fol lows i s  based on i n fo rma t ion  fu rn ished by the  designers 

(Ray Wilde, engineer, personal communication). 

These systems have been designed by 

The s h o r t  d e s c r i p t i o n  o f  

Phase 1 hea t ing  system. The hea t ing  system i n  phase 1 cons is ts  o f  f i nned  

tube h o t  water r a d i a t o r s .  

water temperature o f  200°F and a l e a v i n g  water temperature o f  160°F. 

a i r  temperature t o  the  f inned tube u n i t s  i s  assumed t o  be 65°F. 

f i nned  tube r a d i a t o r s  a re  o f  the  two t i e r  type w i t h  a r a t e d  ou tpu t  o f  2,110 

Btu /hr  x I f  a t  des ign cond i t ions .  

The equipment i s  designed t o  operate a t  an e n t e r i n g  
En te r ing  

Most o f  the  

B o i l e r  room equipment cons is ts  o f  a g a s  f i r e d  Ajax water hea t ing  b o i l e r  

r a t e d  a t  675,000 Btu/hr  i npu t ,  540,000 Btu /hr  output ,  and a h o t  water c i r -  

c u l a t i n g  pump, B e l l  & Gossett, 36.8 gpm a t  26 ft head, d r i ven  by an e l e c t r i c  

motor, 120/60/1, 3/4 HP, 1,750 rpm. 

Phase 2 hea t ing  system. The i n s t a l l a t i o n  o f  the  phase 2 hea t ing  system i s  

completed and t h i s  p a r t  w i l l  be taken i n t o  use i n  a few weeks. 

t he  space above phase 2 ( p a r t  o f  phase 7 )  and the  basement below (phase 8) 

a r e  grouped together  w i t h  the  phase 2 hea t ing  system. The system i s  o f  the  

same type as the  phase 1 hea t ing  system, i . e .  f i nned  tube r a d i a t o r s  and the  

des ign temperatures a r e  t h e  same, e n t e r i n g  water  a t  ZOOOF, l e a v i n g  water  a t  
16OoF, e n t e r i n g  a i r  a t  65OF. 

I n  t h i s  design 

B o i l e r  room equipment cons is t s  o f  a gas f i r e d  Ajax water hea t ing  b o i l e r ,  
r a t e d  a t  750,000 Btu/hr  i npu t ,  600,000 Btu /hr  output ,  and two h o t  water c i r -  

c u l a t i n g  pumps, B e l l  81 Gossett, 15 gpm each a t  45 f t  head, d r i ven  by e l e c t r i c  

motors, 120/60/1, 3/4 HP, 1,750 rpm. 

Remaining space. 
o f  the b u i l d i n g ,  i t  i s  necessary t o  make some assumptions about the  hea t ing  

I n  order  t o  make an economic eva lua t i on  o f  t he  heat ing  cos t  
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systems t o  be i n s t a l l e d  i n  the  remaining space. These have n o t  y e t  been 

designed b u t  accord ing t o  t h e  des ign ing engineers the  p lan  i s  t o  i n s t a l l  

t he  same type o f  h o t  water system wherever feas ib le  i n  the remaining space 

as a l ready  i s  ope ra t i ng  i n  phases 1 and 2. This means t h a t  a l l  p a r t s  o f  

the  b u i l d i n g  except phases 3 and 4, t h e  two pool areas, w i l l  have the  same 

hea t ing  system. Due t o  the  very g rea t  c e i l i n g  he igh t  and l a r g e  heat ing  re-  

quirements o f  the  pool areas, t h e  h o t  water  f i nned  tube r a d i a t o r s  a re  n o t  

s u f f i c i e n t  and w i l l  have t o  be supplemented by a fo rced a i r  hea t ing  system. 

I t w i l l  be assumed t h a t  f inned tube r a d i a t o r s  supp ly ing  about 530,000 Btu/  

h r  can be i n s t a l l e d  i n  t h e  pool areas l e a v i n g  about 700,000 Btu /hr  t o  be sup- 

p l i e d  by the  fo rced a i r  hea t ing  system (see Table I). The t o t a l  peak heat  

requirements o f  t h e  b u i l d i n g  a r e  then met as fo l lows:  

With f i nned  tube r a d i a t o r s  

With fo rced a i r  hea t ing  

1.54 x l o 6  Btu /h r  

0.70 x l o 6  B tu /h r  

The i n s t a l l e d  b o i l e r  ou tpu t  capac i t y  today i s  114 x l o 6  B tu /h r .  An ad- 
d i t i o n a l  600,000 Btu /hr  b o i l e r  w i l l  be s u f f i c i e n t  f o r  the  f inned tube r a d i a t o r  
systems and about 800,000 Btu /hr  should take care o f  the  a i r  hea t ing  system. 

GEOTHERMAL SPACE HEATING POSSIBILITIES 

It i s  c l e a r  t h a t  the  Wasatch Hot Spr ing  w i t h  a mean f l ow  o f  63 gpm (240 $1 
min.) a t  a temperature o f  about 104OF (4OOC) w i l l  n o t  i n  any way be s u f f i c i e n t  

f o r  space hea t ing  o f  the  Ch i ld ren 's  Museum b u i l d i n g .  

i n  the p i c t u r e  a t  a l l ,  some means must be found t o  o b t a i n  more geothermal water 
a t  a h igher  temperature. Two opt ions  come t o  mind i n  t h i s  connect ion.  

I f  geothermal i s  t o  be 

1. B u i l d  a p i p e l i n e  t o  t ransmi t  h o t  water  from the  Beck Hot Spr ing  t o  the  

Ch i ld ren 's  Museum b u i l d i n g .  The Beck Spr ing  has a discharge o f  about 230 

gpm a t  133°F (Cole, 1983). 
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I .  

, 

2 .  Dril l  a well i n  the neighborhood of the Wasatch Hot S p r i n g  in te rsec t ing  
the Warm S p r i n g s  Fault below the downthrown block of  the f a u l t .  
blocking off  the inflow of groundwater i t  may be possible t o  catch warmer 
water ascending along the f a u l t  (see Figure 3 ) .  

By 

The f i r s t  of these options i s  technically feasible  b u t  the  cost  i s  ob- 
viously prohibi t ive.  
sulated and buried f i b e r  reinforced p l a s t i c  pipe) will cost  over 10 times 
more than a d r i l l e d  geothermal production well. 

T h e  pipel ine alone of the s i z e  and  type needed (6" i n -  

The second option i s  technical ly  feas ib le  i f  the path of the geothermal 
f l u i d  i s  from the deep layers of the  ear th ,  where the f l u i d  receives i t s  heat ,  
u p  through the f au l t .  As discussed previously, s c i e n t i s t s  a r e  n o t  a t  a l l  
ce r t a in  about t he  path of the geothermal f lu id  flow t o  the Warm S p r i n g s  Fault .  

The analysis  which follows i s  based on the second o p t i o n .  A geothermal 
production well d r i l l e d  t o  a t o t a l  depth  of  800 f e e t  i s  assumed t o  be capable 
of producing the required flow o f  water by pumping. 
water, however, i s  unknown and w i l l  be l e f t  as a var iable  quantity in  the 
analysis  . 

The temperature o f  the 

The analysis includes a re in jec t ion  well t o  dispose of the  geothermal f lu id  
a f t e r  i t  i s  used. T h i s  well will be shallower and narrower than the production 
well .  

In o 
a1 ready 
systems 
in  the 
heating 

der t o  keep r e t r o f i t t i n g  costs  t o  a m i n i m u m ,  the  heating systems which 
have been ins t a l l ed  i n  the b u i l d i n g  will be l e f t  unchanged. 
fo r  t he  remaining par ts  of the b u i l d i n g  will be the same as discussed 
a s t  sect ion.  T h i s  way the  r e t r o f i t t i n g  of t h e  b u i l d i n g  t o  geothermal 
is  very simple, requiring only the in s t a l l a t ion  o f  heat exchangers i n  

The heating 

the mechanical room for removing the required heat from the geothermal f l u i d .  

W i t h  the h o t  water finned t u b e  radiators designed for  an entering water tem- 
perature o f  Z O O O F  i t  is c l ea r  t ha t  the geothermal f l u i d  will  not supply a l l  the  

18 



needed heating energy unless i t s  temperature i s  well above 200°F. 
temperatures i t  will , therefore ,  be necessary t o  maintain the three finned 
tube system boi le rs .  
drops below a m i n i m u m  value, which depends on the geothermal f lu id  temperature. 
I t  i s ,  however, assumed t h a t  the geothermal system will  be capable o f  handling 
the forced a i r  heating system without the a i d  of a bo i l e r .  A schematic diagram 
showing this system is presented i n  Figure 7 .  

For lower 

These will then take over when the outside temperature 

CAPITAL AND OPERATING COSTS OF GEOTHERMAL SYSTEM 

Estimated capi ta l  and operating costs  of  the geothermal system a re  shown 
i n  Table 11. As discussed i n  the l a s t  sec t ion ,  the temperature of the geo- 
thermal f l u i d  i s  an unknown quantity so the estimates a r e  made for  several 
temperature values. A heat exchanger approach (di fference between enter ing 
geothermal f l u i d  temperature and leaving water temperature) of 5 t o  6°F i s  
assumed. 

The capi ta l  cos t  items are  independent of the f l u i d  temperature except 
the plate  heat exchanger cost .  It increases w i t h  increased capacity (measured 
in  B t u / h r ) .  The heat exchanger, however', does not cons t i tu te  a major cost  
item so t h a t  there is not a great  difference i n  t o t a l  capi ta l  cost  between 
the h i  ghest and lowest f l u i d  temperatures. 

The maintenance cost  of the  geothermal system i s  independent of f lu id  tem- 
perature.  
geothermal f l u i d  temperature. The e l e c t r i c i t y  i s  mainly t h a t  used fo r  pumping  
the geothermal f l u i d  from the production well through the heat exchanger. The 
fuel cost  for the conventional operation o f  the heating system is  reduced as 
the f l u i d  temperature increases and the geothermal share of the heating of the 
b u i l d i n g  i s  increased. 

The energy cos t ,  on the other  hand, i s  s t rongly influenced by the 

ECONOMIC ANALYSIS 

I n  order t o  make an economic comparison between the geothermal heating system 
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Schematic Fl ow Diagram o f  Proposed Hookup 
for Geothermal Heating of Children’s Museum of Utah 
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N 
-1 

* Geothermal f l u i d  temp., O F  110 133 157 181 

Average heat ing water temp., O F  * 100 120 140 160 
Low outside a i r  temp. w. geoth., O F  57 45 32 18 

TABLE I 1  

206 

180 

3 

Capi ta l  and Operating Cost Estimates f o r  
Geothermal Heating System f o r  Children's Museum o f  Utah 

- 
Ma i n tenance 2,500 2,500 2,500 2,500 2,500 

Energy cost:  E l e c t r i c i t y  4,100 2,500 3,100 3,000 2,500 

Natural gas 27,000 20,600 9,400 1,700 0 
TOTAL OPERATING COST 33,600 25,600 15,000 7,200 5,000 . 

Production wel l ,  800' 
I n j e c t i o n  wel l ,  400' 

Downhole pumps & d r i v e  

We1 1 head bui  1 ding 
Plate heat exchangers 

M i  sc. p i  ping, mechanical & e l  e c t r i  cal  

Engineering, 10% 

Subtotal 

Contingency 

TOTAL CAPITAL COST 

26,000 
10,000 

32,000 

3,000 

3,500 
25,000 

10,000 

26,000 

10,000 

32,000 

3,000 

4,400 

25,000 

10,100 

109,500 110,500 I 11,000 I 11,100 

I120,500 1121,600 

26,000 

10,000 

32,000 

3,000 

5,500 
25,000 

10,200 

26,000 

10,000 

32,000 

3,000 

6,600 

25,000 
10,300 

26,000 

10,000 

32,000 

3,000 

7,800 

25,000 

10,400 

111,700 112,900 114,200 

11,200 I 11,300 I 11,400 
122.900 1124.200 1125.600 

*At geothermal peak load. 



and the  convent ional  system the  annual savings w i t h  t h e  geothermal system 

must be evaluated. 

convent ional  system f o r  t h e  f inned tube r a d i a t o r s  be l e f t  i n t a c t  s ince the  

geothermal system f a i l s  when the  ou ts ide  a i r  temperature drops below a given 

value. On the  o the r  hand, the  geothermal system i s  assumed t o  be capable o f  

f u r n i s h i n g  s u f f i c i e n t  heat  t o  the forced a i r  heat ing  system w i thou t  t h e  ass is -  

tance o f  a peak l o a d  b o i l e r .  
b o i l e r  must t he re fo re  be added and i t s  cos t  taken i n t o  account i n  the  economic 

comparison o f  the  two systems. 

As discussed p rev ious l y  i t  i s  assumed t h a t  t h e  complete 

For the  convent ional  system the  forced a i r  hea t ing  

The cos t  o f  a h o t  water b o i l e r  of t he  s i z e  needed f o r  the  forced a i r  system 

i n s t a l l e d  and i n c l u d i n g  a burner, expansion tank, and o t h e r  accessor ies,  i s  

about $10,000 (Means Mechanical Cost Data 1984). Th is  cos t  i s  sub t rac ted  

from the  geothermal system c a p i t a l  c o s t  f o r  n e t  payback eva lua t ion .  Main- 
tenance cos t  o f  o t h e r  p a r t s  o f  t h e  convent ional  system a re  assumed t o  be 

the  same w i th  o r  w i thou t  t h e  geothermal system. The annual savings a t  present  

a re  then est imated as shown i n  Table 111. 

I n  o rde r  t o  a r r i v e  a t  cos t  f i g u r e s  over t h e  20 years assumed l i f e  of the  

proposed geothermal hea t ing  system some assumptions must be made o f  ra tes  

o f  i n f l a t i o n  and p r i c e  esca la t ions  o f  ope ra t i ng  cos t  i tems. 

t h e  fo recas t  f i g u r e s  r e c e n t l y  publ ished by the  C a l i f o r n i a  Energy Commission 

(CEC, March 1984) a r e  used. These are  as f o l l ows :  

For t h i s  ana lys i s  

Year General I n f l a t i o n  Natura l  Gas E l e c t r i c i t y  
1984 1 .oooo 1 .ow0 1 .oooo 
1985 1.0895 1.0857 1.1 761 

1986 1.1535 1.1434 1.2221 
1987 1.2212 1.2745 1.2444 

1 988- 2004 6.5% per  year  0.23% per  year  7.03% per  yea r  
(average) (average) 
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TABLE I 1 1  

Geothermal f l u i d  temp., O F  

Ave. heating water temp., O F  

Estimated Annual Savings w i t h  
Geothermal Heating o f  the Children's Museum o f  Utah 

T 

110 133 157 181 206 
100 120 140 160 180 

ru 
W 

E l e c t r i c i t y ,  5300 kWh 
Natural gas, 82,000 therms 

Total annual cost 

445 445 445 445 445 
43,050 43,050 43,050 43,050 43,050 
43,495 43,495 43,495 43,495 43,495 

Maintenance 
E l e c t r i c i t y  
Natural gas 

Total annual cos t  

Geothermal heat i n g : 

2,500 2,500 2,500 2,500 2,500 
4,100 2,500 3,100 3,000 2,500 

27,000 . 20,700 9,400 1,700 0 
33,600 25,600 15,000 7,200 5,000 

I Annual savings (present) I 9,895 I 17,895 I 28,495 1 36,295 I 38-,495 1 



Maintenance c o s t  o f  t he  geothermal system fo l l ows  the  general i n f l a t i o n  

r a t e .  

The p ro jec ted  heat ing  cos ts  and savings w i t h  geothermal heat ing  o f  the  

Ch i l d ren ' s  Museum b u i l d i n g  over  the  20 year  pe r iod  are  shown i n  Table I V  

f o r  the water temperature values considered. The t o t a l  savings w i t h  the  

proposed geothermal system are shown i n  the  l a s t  f ou r  columns o f  t he  t a b l e .  
It i s  seen t h a t  even a t  the  lowest  geothermal temperature, l lO"F,  the  

p r o j e c t  appears t o  be economical ly f eas ib le  w i t h  s imple payback obta ined 

i n  l e s s  than s i x  years.  Discounted payback a t  12% i s  obta ined i n  a l i t t l e  

over 9 years.  It must be considered, however, t h a t  t h i s  temperature, l l O ° F ,  

i s  a t  t he  lower l i m i t  o f  what i s  t e c h n i c a l l y  f e a s i b l e  w i t h  the  ho t  water 

r a d i a t o r  system i n  the  b u i l d i n g .  
t a b l e  shows t h a t  t he  payback pe r iod  i s  r a p i d l y  reduced as the  temperature 

i s  increased making t h e  p r o j e c t  very  a t t r a c t i v e  indeed. 

Higher temperatures are p r e f e r r e d  and t h e  

I t  should be borne i n  mind t h a t  the foregoing ana lys is  i s  based on the  

assumption t h a t  s u f f i c i e n t  amount o f  geothermal f l u i d  (about 120 gpm) can 

be produced from a w e l l  d r i l l e d  i n t o  the Warm Springs F a u l t .  As discussed 
i n  the  sec t i on  on the  Wasatch Hot Spr ing resource, t he  path a long which the 

thermal water f lows t o  i t s  o u t l e t  i s  n o t  known a t  present .  I t  i s  n o t  a t  

a l l  c e r t a i n  whether d r i l l i n g  i n  t h e  area w i l l  r e s u l t  i n  added f l ow  o r  h igher  

temperature o f  t h e  geothermal f l u i d .  
i t  i s  recommended t h a t  an exp lo ra to ry  w e l l  be d r i l l e d  i n  the  v i c i n i t y  o f  

the  Wasatch Hot Spr ing i n  o rder  t o  e s t a b l i s h  t h e  underground thermal water 

f l ow  path. Only then can i t  be decided whether o r  n o t  a geothermal hea t ing  

system f o r  t h e  Ch i l d ren ' s  Museum of  Utah i s  f eas ib le .  

I n  view o f  t h e  r e s u l t s  o f  t h i s  s tudy,  

REFERENCES 
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o f  Heating, R e f r i g e r a t i n g  and A i r  Cond i t ion ing  Engineers, Inc. ,  New York, 
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TABLE I V  

Heat ing Costs and Savings w i t h  

Geothermal Heat ing a t  Ch i ld ren 's  Museum o f  Utah 

Natural Cam L l e c t r l c l l y  Natural Cas Llcctrlclty ) (r lnt .  Net E n c r i y  C u u l a t l r e  Discounted C u u l a l l v e  
Convent '1 Convent '1 Ccotherrsl C e o t h e r u l  Geothermal S a v l n p  Canh Flow C..h Flow Ohcounted 
SY'lC. sy.1.n Sy'le. sy.te. System Cash Flow Cash Flow 

A .  Geothermal F l v l d  Temperature 110°F 

P,c.e"t 
C0.t  41050 4 1 1  27wO 4100 25110 

Year 

1985 
1986 
I9%7 
1988 
I989 
1990 
1991 
1991 
I991  
1994 
1995 ' 
1996 
1991 
I998  
I999  
2000 
zoo1 
2MI2 
2001 
2004 

T"t.1 

16826 
59818 
LS7 19 
11511 
81061 
89149 , 

98485 

119655 
, 111890 

115315 . 
160240 
I lbb2S  
194681 
214591 
236111 
260718 
287117 
116761 
149 I SO 

I227971 

l o a m  

521 
546 
IS4 
59 1 
616 
679 
727 

812 
89 I 
951 

1092 
1169 
l2S l  
1319 
1411 
I511  
1641 
I756 

19940 

77a 

inzn  

I1660 
17529 
b1841 
46121 
50819 
56018 
61768 
bn083 
751145 
82718 
91176 

100499 
llU115 
122102 
l l 4 1 8 1  
148148 
161517 
I80216 
198666 
~ 1 1 9 7 9  

2024114 

1822 
s a l 1  
SI02 
5461 
sa44 
6255 
6694 
7 l b 5  
1668 
8206 
8 i n i  
9 4 w  

IWbO 
107 67 
11521 
12111 
I1199 
14127 
15119 
16181 

181721 

2725 
2884 
m53 
1251 
I462 
1687 
1927 
4182 
4454 
4746 
5052 
5180 
5710 
6101 
6499 
6922 
7172 
7851 
8161 
8904 

104541 

I4 I62  
11958 
17273 
19299 
21549 
24048 
26821 
29901 
11120 
17112 
41118 
45981 
51151 
16882 
61212 
70269 
78061 
86696 
962S7 

lob842 

931117 

14162 
29120 
4bl94 
65692 
87241 

111290 
138112 
1b8015 
201315 
218441 
219765 
121766 
376897 
111778 
497011 
167279 
611143 
732019 
828296 
915117 

11949 121711 
11878 131593 
11802 145195 
11721 157117 
11619 168717 
11552 180109 
11462 191771 
11369 201141 
I1274 216415 
11176 225191 
11076 216667 

216667 

I -  
i 
! .  

2500 

2725 
288 4 
3 3 5 1  
I251 
I462 

1927 
6182 
4454 
4146 
5052 
5180 
5710 
6101 
6499 
6922 
7112 
7811 
8161 
8904 

104543 

Y R ~  

S h p l c  raybaet 
01scountcd Payback 

5.97 
9.06 

21750 
42214 
62876 
81114 

103187 
I21632 
1 0 4 6 6  
l6lU89 
182498 

8 .  Geothermal F l u i d  Temperature 133°F 

Present 
C".t w m  415 

Year 

20700 

27124 
28772 

31161 
189 7 7 
62962 
47155 
12191 
57514 
61411 
69902 
17049 
84921 
91611 

101181 
111714 
121161 
138181 
I52 l lO  
167884 

1112127 

izn81 

2500 

2940 
l o 5 1  
11 I I 
111u 
1564 
3814 
4082 
4169 
bh76 

5155 
1 7  12 
6114 
6565 
7027 
1520 
an48 
8614 
9219 
9e.67 

l l2021 

5n04 

1981  
1986 

I988  
I989 
I990  
1991 
1992 
1993  
I994 
I 9 9 1  
I996 
1997 
1998 
I999 
2OOn 
2MI 

2003 
zoo4 

1 9 ~ 7  

2002 

54826 12 1 
19818 544 
66719 5 5 4  
73541 59 3 
81061 614 
89119 679 
98485 72 7 

108155 718 
119655 832 
11189n 891 
145175 951 
i m 4 0  1020 
176625 1092 
I94685 1169 
214191 ' 1251 
216111 1319 
2611718 1411 
281177 I511 
116761 I641 
369110 1756 

24160 
25670 
29028 
I2192 
15692 
39564 
43848 
~ L I S R I  
11821 
596 I 5  
66019 
71099 

89174 
99111 

109696 
12I168 
134264 
168112 
164211 

n i m 5  

24160 
50010 
79058 

111250 
146941 
I86507 
2lUl51 
278939 
I12762 
I92178 
458197 
511496 
612421 
701991 
801128 
910824 

1012192 
1166451 
1314969 
1479220 

21750 
20464 
20662 
20459 
20251 
2001 5 
19814 
19621 
19409 
19191 
18979 
18161 
18566 
18129 
18111 
17896 
11671 
17460 
17243 
11027 

216109 
294120 
112314 
129990 
I47450 
364693 
381721 

6.01 
1.40 

1479220 181121 

C.  Geothermal F l v l d  lenperature 157°F I -  i 

i 
i e  

P r e. e n t 
Cost  41050 44 5 9WO 1100 25UU 

Icrr 

I985  
1986 

I988  
I989 
1990 
1991 
1992 
I 9 9 1  
I994 
1995 
1996 
1997 
1998 
I 9 9 9  
ZOO0 
2iml 

1981 

2002 
znoi 
2 0 0 1  

Tot.1 

56826 
59818 
66719 
71541 
81061 
89149 
98481 

108515 
119651 
111890 
141175 

176621 
191611 
116591 
236511 
260118 
287117 
116161 
W I I S O  

1227975 

i b o m  

121 
544 
151 
59 1 
614 
679 
727 
778 
812 
891 
951 

in20 
1092 
1169 
1211 
1119 
1411 
1111 
1 6 4 1  
1756 

19940 

I2408 
11066 
14168 

11100 

21104 
21701 
26127 
28798 
31141 
34989 
M I 6 6  
12110 
4b85b 
11b47 
56928 
62119 
69161 
76237 

I M I ~ I  

19109 

~ O C R I I  

1646 
1788 
3858 
4129 
1419 
4729 
11r02 
5111 
5198 
6201 
664 I 
1101 
76U7 
8141 
8713 
9125 
9980 
10681 
11411 
12235 

118911 

2721 
2884 
a11 
3251 
I462 
%I87 
3927 
4182 
4414 
4746 
5052 
1180 
5110 
6101 
6499 
6922 
7172 
1811 
816 I 
8904 

101541 

uI570 
40611 
45794 
50696 
56114 
62102 
68719 
76Olll 
86109 
93014 

102891 
I11184 
I25RIh 
119100 
111776 
169978 
187871 
201629 
229441 
251510 

2299630 

l a 5 7 0  
19214 

125DMI 
1157U4 
211819 
291921 
362640 
438670 
522779 
615812 
718701 
812490 
918101 

1091401 
1251117 
1421155 
1609026 
1816656 
2046100 
2299630 

14418 
32401 
12596 
12218 
31841 
31461 
11085 
30707 
30110 
29914 
29519 
29206 
28811 
28463 
28094 
27727 
27162 
27000 
26640 
26281 

596220 

14438 
661119 
99414 

I l l 6 5 2  
1 0 4 9 1  
194956 
216041 
256748 
287079. 
317031 
146612 
371818 
404651 
411114 
461208 
488915 
116297 
543297 
5b9917 
596220 

1.74 
1.42 

Slnple Pryhack 
Olsrountcd Payback 
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TABLE I V  c o n t ' d .  

Ccothcrul C e o t h c r u l  
Slit.. S,llc. SY.tCI S,"tCU 

0 .  Geothenul Fluld lemerature  181°F 

Y e l r  

1985 
I986 
I981 
I988 
I989 
I990 
1991 
I992 
1993 
1996 
1995 
I996 
1991 
1998 
1999 
2000 
2(1ni 
2002 
2003 
2004 

Tot.1 

43050 

56826 

66119 
13541 
81061 
89369 
98485 

III8555 
I19655 

145175 
160240 
I16625 
194685 
216591 
216511 
260118 
211177 
316161 
I69 I 5 0  

1221915 

5 9 ~ 1 8  

111890 

44 5 

32 1 
546 
556 
59 3 
(116 
61 9 
127 
i i n  
a12 

1020 

891 
953 

I092 
1169 
1251 
1119 
I411 
1513 
1641 
1156 

19940 

E .  Gcothemal F lu id  Temperature 2W"F 

Year 

1985 
I986 
1981 
I988 
I989 
I990 
1991 
I992 
1993 
1996 
1995 
I996 
I991 
I998 
I999 
2000 
2001 
2002 
2003 
2MIa 

T o l l 1  

43050 

56826 
59818 
66119 
13541 
8IWI 
119149 
98685 

I08555 
119655 
131190 
I45315 
I60240 
116625 
194685 
211591 
236513 
260118 

316161 
169150 

3221915 

2 ~ 1 3 1 1  

465 

52 3 
544 
354 
59 3 
614 
619 
121 

832 
89 I 
951 
I020 
1@92 
11b9 
1251 
1319 
1411 
1513 
1041 
1750 

19940 

in  

I 1 0 0  

2244 
2163 
2615 

3201 

3189 

4125 

5161 
6328 
6915 
1688 
8414 
9340 

1029b 
I I348 
12509 

2904 

3 3 2 ~  

4 2 ~ 1  

1200 

i 3 i . w  

121469 

0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

n 

n 

n 
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Yo00 

1528 
I666 
1133 
199b 
4216 
451 1 
4898 
5242 
5 b l l  
6005 
6627 
Ml8 
7361 
1818 
8632 
9021 
%58 

10331 
11063 
l l840  

134430 

2 5 0 0  

2940 
3055 
I111 
3330 
3564 
MI4  
W82 
4369 
4616 
5004 
5155 
5132 
61 14 
6565 
1021 
1520 
11118 
8614 
9219 
91167 

112025 

Pbtnt .  Net L n c r w  Cunulatlve Discounted Cunulitlvc 

2500 

2125 

1051 
3251 
3662 
I681 
3921 
4182 
4454 
6144 
3052 

5130 
b l O 3  
6699 
6922 
1112 
1851 
8361 
(1906 

I04543 

2nn6 

5180 

2500 

2125 
2884 
a 3 3  
3251 
3462 
3681 
1921 
4182 
4654 
6144 
5052 
5380 
5130 
6103 
t499 
b922 
1312 
1851 
8361 
8904 

104543 

48852 

51.852 
51468 

63983 
701S5 
18236 
86497 
95612 

105691 
116924 
129109 
142614 
157651 
114186 
192431 
212585 
214826 
219115 
286410 
316174 

48852 
100120 
158113 
2221S6 
29291 I 
111141 
451644 
553266 
(58961 
175181 
906891 

l 0 b l S l I  
1205221 
1119406 
I 5 1  1843 
1184428 
2019254 
2218628 
25 6 5098 
288 I61 3 

43618 
61030 
41118 
40662 
40143 
19631 
39121 
18620 
18116 
31616 
31116 
36621 
36129 
15642 
35151 
14611 
11201 
11129 
33261 
32198 

2aa1471 149082 

s l q l c  Pa,h.ek 
Olscounted Payheck 

5161~6  
54442 
61109 
67553 
14669 

91201 
~ 2 5 2 1  

1001112 
I I I I S R  
121013 
135921 
I 5 0 1 6 8  
165852 
IRllC5 
M2316 
223hlO 
266131 
212466 
mol322 
312115 

3011141 

51684 46141 
10612b 41601 
161216 43696 
236189 42931 
109658 42369 

483188 11256 
583969 60704 
693321 60151 
818360 39613 
954281 39074 

1104430 38539 
1210282 38009 
1453661 37683 
1655183 369b2 
1819213 36446 
2125944 35935 
2398390 35429 
2699212 36928 
Y331341 34431 

189122 

391985 U R I I  

SI.,la P",bnCk 
Dlscountcd Payback 

Dlscountcd 
a s h  Flow 

41618 
84648 

125826 
166489 
206611 
246214 
285401 
324021 
X2116 
399151 
436866 
411481 
509611 
545258 
sRO116 
615091 
669294 
w 1 0 2 1  
116284 
749082 

2.20 
2.12 

46141 
89548 

133044 
115915 
218341 
ZbOI55 
I014 I I 
362115 
302211 
421885 
460959 
4¶9498 
531501 
314991 
b l l 9 5 3  
648399 
684314 
119163 
154690 
189122 

2.16 
2 .60  
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