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ABSTRACT 

To encourage the  development o f  hydrothermal 
energy, the  U.S. Department o f  Energy's D i v i -  
s ion  of Geothermal and Hydropower Technologies 
funded, on a cost-sharing basis, twenty-three 
demonstration pro jects .  The Haakon School 
p r o j e c t  i s  one o f  twelve such p r o j e c t s  admin- 
i s t e r e d  by t h e  DOE-Idaho Operations O f f i c e  
w i t h  techn ica l  support from EG&G Idaho, Inc.  

Th is  paper describes the  geothermal d i rect -use 
heat ing system a t  t h e  Haakon School complex i n  
P h i l i p ,  South Dakota and presents in format ion 
gained dur ing  approximately th ree  heat ing 
seasons o f  operation. 

INTRODUCTION 

Haakon School i s  located i n  t h e  c i t y  o f  
P h i l i p ,  near t h e  Badlands Nat ional  Park i n  t h e  
Southwest quadrant o f  South Dakota. The town 
o v e r l i e s  t h e  Madison format ion which i s  a 
large-area aqui fer .  The aqu i fe r  has a demon- 
s t r a t e d  c a p a b i l i t y  t o  produce geothermal water. 
A system t o  tap  t h i s  p o t e n t i a l  and heat t h e  
Haakon school d i s t r i c t  b u i l d i n g s  i n  P h i l i p  has 
been i n  operat ion since November 1980. F i v e  
school b u i l d i n g s  having a t o t a l  area o f  4088 m2 
(44,000 f t 2 )  are heated w i t h  69°C (157°F) 
water. A s i n g l e  w e l l  provides water a t  a 
maximum ar tes ian  f l o w  o f  21.5 l / s  (340 gpm), 
which more than meets t h e  heat demand o f  t h e  
school bu i ld ings .  
P h i l i p  business d i s t r i c t  u t i l i z e  geothermal 
f l u i d  discharged from the  school f o r  space 
heating. During the 1980-81 heat ing season 
these b u i l d i n g s  obtained 75% t o  90% o f  t h e i r  
heat from geothermal f l u i d .  Peak heat d e l i -  
very  o f  t h e  system i s  1.61 MJ/s (5.5 m i l l i o n  
Btu/hr), w i t h  an annual energy d e l i v e r y  o f  
10 TJ (9.5 b i l l i o n  Btu). 

Nine b u i l d i n g s  i n  t h e  

The geothermal system has operated near ly  
problem f r e e  w i t h  the  exception of the  equip- 
ment t o  remove Radium-226 from t h e  spent f l u i d .  
Barium c h l o r i d e  i s  added t o  t h e  water t o  pre- 
c i p a t e  s u l f a t e s  conta in ing t h e  radium. Accumu- 
l a t i o n  o f  p r e c i p i t a t e s  i n  p i p i n g  has caused 
some opera t iona l  problems. 
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SYSTEM DESCRIPTION 

Geothermal water f lows from t h e  w e l l  a t  69OC 
(157Of) and i s  f i r s t  used t o  heat the  armory/- 
h igh  school b u i l d i n g  and elementary school 
bu i ld ings .  F l u i d  discharged from t h e  school 
and armory i s  then used f o r  space heat ing  o f  
bu i ld ings  i n  the  P h i l i p  business d i s t r i c t .  
Nine b u i l d i n g s  are c u r r e n t l y  connected t o  t h i s  
system. Spent geothermal f l u i d  i s  t r e a t e d  f o r  
Radium-226 removal p r i o r  t o  d isposal  i n  t h e  
Bad River. 
shown i n  F igure 1. 

A f l o w  diagram f o r  the  system i s  

The ar tes ian  w e l l  i s  located about 52 meters 
(170 fee t )  northwest o f  t h e  armory/high school 
bu i ld ing .  T o t a l  depth o f  t h e  w e l l  i s  
1300 meters (4266 f e e t ) ,  and maximum f l o w  i s  
21.5 l / s  (340 gpm). 
d isso lved s o l i d s  content o f  1112 ppm and a pH 
o f  7.4. 

The water has a t o t a l  

Bu i ld ings  heated by the  geothermal f l u i d  
inc lude the h igh  school b u i l d i n g  ( a l s o  housing 
t h e  Nat ional  Guard Armory), t h e  elementary 
school bu i ld ing ,  a vocat iona l -agr icu l tu ra l  edu- 
c a t i o n  bui ld ing,  and two music bu i ld ings .  The 
f l o o r  rea  o f  t h e  i g h  school b u i l d i n g  i s  

school b u i l d i n g  i s  1427 m2 (15,356 f t 2 ) .  
Both bu i ld ings  were prev ious ly  heated w i t h  o i l  
f i r e d  steam b o i l e r s .  The 581 m2 (6252 f t 2 )  
vocat ional  b u i l d i n g  prev ious ly  had e l e c t r i c a l  
res is tance h e a t i n  . Propan space heaters were 

band and 74 m2 (792 f t 2 )  vocal music bu i ld ings .  

1866 m h (20,088 ft !! ), and the  elementary 

used i n  the 144 m B (1550 ft 5 ) inst rumenta l  

Water and space heat ing equipment i n  t h e  e le -  
mentary school b o i l e r  room i s  shown schemat- 
i c a l l y  i n  F igure 2. The armory b o i l e r  room i s  
very s imi la r .  Buried, f i b e r  r e i n f o r c e d  p l a s t i c  
p ipe  t ranspor ts  t h e  geothermal f l u i d  t o  t h e  
two b o i l e r  rooms. There it passes through two 
p la te- type heat exchangers. 

The exchangers are o f f - t h e - s h e l f  items. Each 
u n i t  uses 316 s t a i n l e s s  s t e e l  p l a t e s  and 
n i t r i l e  gaskets. 
c losed heat ing loop and the  second heats 
domestic ho t  water. The elementary school 
b o i l e r  was modi f ied t o  conver t  i t  f rom steam 

One u n i t  heats water i n  a 
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t o  ho t  water production. The armory b o i l e r  
was i n  poor c o n d i t i o n  and was rep laced w i t h  
several, small new hot-water u n i t s .  Both 
b o i l e r  systems are i n  ser ies  w i t h  t h e  geo- 
thermal ly  heated hydronic systems t o  prov ide 
backup and peaking. Backup domestic water 
heat ing i s  provided by t h e  b o i l e r s  v i a  a heat 
exchanger i n  t h e  domestic h o t  water storage 
tank. Since the  i n i t i a l  s tar tup,  t h e  b o i l e r s  
have o n l y  been needed once. 
2 hour per iod  when the  wind c h i l l  was - 4 8 O C  
(-55OF). I n  a d d i t i o n  t o  heat ing t h e  elemen- 
t a r y  school, t h e  hydronic system a lso  sup- 
p l i e s  t h e  vocat iona l -agr icu l tu re  and music 
bu i ld ings .  The j u n i o r  h igh  school i s  i n  the 
process o f  being added t o  t h e  system. 

That was dur ing a 

Terminal u n i t s  inc lude modi f ied and new equip- 
ment. Vent i la to rs ,  fan  c o i l s ,  and u n i t  heaters 
were modi f ied t o  accept water c o i l s  i n  place 
o f  steam c o i l s .  Baseboard r a d i a t i o n  u n i t s  are 
used, as i s ,  b u t  add i t iona l  u n i t s  were added 
t o  mainta in  heat capaci ty  w i t h  63°C (145°F) 
water instead o f  107OC (225OF) steam. 

The geothermal discharge f rom the  school i s  
t ranspor ted i n  a s i n g l e  p ipe  which becomes the 
supply l i n e  through the  downtown area. A d i s -  
posal l i n e  begins a t  t h e  upstream end o f  the  
business d i s t r i c t  and p a r a l l e l s  t h e  supply l i n e  
from the  school t o  t h e  l a s t  user on t h e  system, 
the  f i r e  s t a t i o n .  From there, a s i n g l e  l i n e  
continues t o  t h e  radium removal p l a n t  and 
d isposal  i n  t h e  Bad River. 
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Nine bu i ld ings  i n  t h e  business d i s t r i c t  are 
p resent ly  connected t o  the  system. App l ica t ion  
methods vary although a l l  use fan  c o i l s  o f  some 
sor t .  Some use the  geothermal water d i r e c t l y  
i n  e x i s t i n g  c o i l s ,  some i n  new copper c o i l  u n i t  
heaters o r  c o i l s  placed i n  e x i s t i n g  duct work, 
one uses new s t a i n l e s s  s t e e l  c o i l s  i n  e x i s t i n g  
duct  work, and one uses a s h e l l  and tube heat 
exchanger t o  heat a hydronic loop. 

Water leav ing t h e  business d i s t r i c t  f lows t o  
t h e  water treatment p l a n t  where Radium-226 i s  
removed. The water i s  then discharged t o  t h e  
Bad River. The geothermal f l u i d  n a t u r a l l y  con- 
t a i n s  about 100 p icoCur ies/ l  i t r e  ( p C i / l )  o f  
Radium-226 as radium su l fa te .  The a l lowable 
EPA l i m i t  f o r  d r i n k i n g  water i s  10 p C i / l  
(5  p C i / l  background p lus 5 p C i / l  i n  the  f l u i d ) .  

Barium c h l o r i d e  (as 10% aqueous s o l u t i o n )  i s  
added t o  the water t o  cause format ion o f  barium 
s u l f a t e  from s u l f a t e s  already present. Barium 
s u l f a t e  and radium s u l f a t e  then coprec ip i ta te .  
P r e c i p i t a t e s  are allowed t o  s e t t l e  i n  t h e  pond 
( 3  day r e t e n t i o n  t ime)  before water i s  d is -  
charged t o  the  Bad River. 

The barium c h l o r i d e  a d d i t i o n  r a t e  i s  f i xed  t o  
g i v e  2.6 ppm BaC12 a t  maximum geothermal 
f low.  Automatic adjustment t o  mainta in  t h i s  
concentrat ion a t  lower f l o w  i s  n o t  provided. 
Barium c h l o r i d e  mix tanks and pumps are housed 
i n  the  water treatment bu i ld ing .  The s o l u t i o n  
i s  added a t  a b a f f l e d  trough which empties 
i n t o  t h e  pond. Only one pond i s  i n  use. 

Sludge c o l l e c t  on t h e  pond bottom a t  a r a t e  

c i e n t  l i q u i d  volume w i l l  be maintained through- 
o u t  t h e  pond's 30 year l i f e .  
accumulates a t  0.06 curies/year. A t  t h e  end 
o f  pond l i f e ,  t h e  sludge can be removed t o  a 
d isposal  s i t e  o r  mixed w i t h  cement t o  form 
t h e  bottom f o r  a new pond b u i l t  d i r e c t l y  over 
the  o l d  one. 

o f  about 2.3 m 5 (85 f t 3 )  per  year. S u f f i -  

R a d i o a c t i v i t y  

Contro l  po in ts  f o r  t h e  system are shown sche- 
m a t i c a l l y  i n  Figures 1 and 2. Flow of geo- 
thermal f l u i d  from t h e  w e l l  i s  regu la ted  by a 
va lve and c o n t r o l l e r  responding t o  ambient tem- 
perature. F u l l  f l o w  i s  achieved at, and below, 
-1°C (30°F) and minimum f l o w  (about one t h i r d  
open) occurs between 16 and 18°C (60 and 65°F). 
Minimum f l o w  i s  maintained a t  h igher  temper- 
a tures t o  prov ide energy f o r  domestic h o t  
water heating. A pressure reducing va lve 
located j u s t  downstream o f  t h e  f l o w  c o n t r o l  
va lve maintains approximately 20 p s i g  i n  the  
system leav ing t h e  w e l l  house. 

Equipment i n  t h e  f i r e  s t a t i o n  (downstream o f  
t h e  business d i s t r i c t  d i s t r  i but  i o n  system) 
c o n t r o l s  system pressure and regu la tes  f l o w  
through the  business d i s t r i c t  loop. A motor 
operated f low c o n t r o l  va lve on t h e  r e t u r n  l i n e  
i s  se t  t o  be f u l l  open a t  -7°C (20°F) and f u l l  
c losed a t  18°C (65°F). A second va lve main- 
t a i n s  back pressure i n  the  d i s t r i b u t i o n  p i p i n g  
t o  minimize c a l c i t e  p r e c i p i t a t i o n .  

Childs 
The temperature o f  the  hydronic f l u i d  leav ing  
t h e  geothermal heat exchangers and ambient 
temperature determine geothermal f l o w  r a t e  t o  
t h e  heat exchangers. The temperature o f  t h e  
hydronic f l u i d  i s  maintained between 32 and 
60°C (90 and 140°F). C i r c u l a t i o n  i n  t h e  heat- 
i n g  loop i s  c o n t r o l l e d  by ambient and f l u i d  
temperatures. Pumps are ac t iva ted  a t  ou ts ide  
temperatures below 18°C (64°F) and are shut 
o f f  when temperature exceeds 19°C (66°F) and 
no heat i s  needed. The pumps are a lso  deac t i -  
vated when hydronic f l u i d  temperature i s  below 
18°C (65°F). Th is  avoids wasting pumping 
energy. Room thermostats c o n t r o l  f l o w  through 
terminal  un i ts .  

When outs ide temperature i s  below -23°C (-10°F) 
and hydronic f l u i d  temperature i s  below 32°C 
(90°F), t h e  backup b o i l e r  i s  turned on and 
au tomat ica l l y  valved i n t o  t h e  system. During 
b o i l e r  operation, hydronic f l u i d  f lows f i r s t  
through t h e  geothermal heat exchanger, and then 
through the  b o i l e r .  

The geothermal f l u i d  f lows cont inuously  through 
t h e  domestic water heat exchanger. Flow o f  
potable water through t h e  heat exchanger occurs 
dur ing  make up due t o  water consumption and 
when t h e  r e c i r c u l a t i n g  pumps are running. 
pump operates as needed t o  c i r c u l a t e  a small  
f l o w  through t h e  b u i l d i n g  supply loop t o  
mainta in  a ready supply of ho t  water a t  t h e  
taps. The second pump s t a r t s  au tomat ica l l y  
when storage tank temperature f a l l s  below 46°C 
(115°F) and c i r c u l a t e s  water from t h e  tank 
through the  heat exchanger. 
domestic ho t  water temperature below 41OC 
(105OF) w i l l  a c t i v a t e  t h e  b o i l e r .  

One 

Fur ther  drop i n  

OPERATING EXPERIENCE 

The completed system began operat ion i n  
November 1980. 
80-81 heat ing season the  schools obtained a l l  
o f  t h e i r  heat from t h e  geothermal f l u i d .  
one business obtained geothermal heat dur ing  
t h e  f i r s t  season. The f o l l o w i n g  winter ,  t h e  
schools were heated e n t i r e l y  w i t h  geothermal 
energy except f o r  a two hour per iod  when sup- 
plemental heat was provided by the  b o i l e r .  
Th is  occurred because the  wind c h i l l  f a c t o r  
was -48°C (-55°F). 
t o  the  school b u i l d i n g s  dur ing  t h a t  heat ing 
season was 8.55 TJ (8.11 b i l l i o n  Btu). Th is  
d isp laced 11.1 TJ (10.5 b i l l i o n  Btu) o f  
e l e c t r i c i t y ,  f u e l  o i l ,  and propane. 

During t h e  remainder o f  t h e  

Only 

Geothermal energy de l  i vered  

E igh t  more businesses were connected t o  t h e  
system f o r  t h e  81-82 heat ing season and geo- 
thermal suppl ied 75 t o  90% o f  t h e i r  heat ing  
energy requirements. 

Plugging o f  p ipes a t  the  water treatment p l a n t  
has been a s i g n i f i c a n t  operat ing problem. 
Barium c h l o r i d e  was added t o  the  water a t  a 
s t a t i c  mixer i n  t h e  treatment bu i ld ing .  Sul- 
f a t e  deposi ts  p a r t i a l l y  plugged the  mixer and 
p ipe  downstream of the  mixer, and frequent 
c leaning was required. I n s t a l l a t i o n  o f  t h e  

581 



Childs 
cur ren t  trough system f o r  BaC12 a d d i t i o n  and 
mix ing has solved these problems. 

Performance o f  the c o n t r o l  system has been very 
s a t i s f a c t o r y  as f a r  as the  users are concerned. 
They have had r e l i a b l e ,  economical heating. 
The operat ion has been unsat is fac to ry  i n  terms 
o f  u t i l i z i n g  the resource e f f i c i e n t l y .  As 
operated, the  school system e x t r a c t s  between 
4 and 9°C ( 8  and 16OF) from t h e  geothermal 
f l u i d ,  depending on load. T h i s  has been ade- 
quate t o  meet the schools needs b u t  the  f l o w  
r a t e  i s  usua l ly  much h igher  than needed. I n  
a d d i t i o n  t o  i n e f f i c i e n t  use o f  t h e  resource, 
barium c h l o r i d e  i s  wasted by t r e a t i n g  the  
excess water. 
-37OC (-35OF) weather, the  lowest temperature 
o f  t h e  water reaching t h e  d isposal  p o i n t  was 
53°C (128OF). 
d i s t r i c t  users are a lso  somewhat i n e f f i c i e n t  
i n  t h e i r  use o f  the  resource. 

During a prolonged per iod  of 

It appears t h a t  t h e  business 

The remainder of t h e  system has performed wel l .  
There have been no s c a l i n g  o r  cor ros ion  pro- 
blems. This  i s  a t t r i b u t e d  t o  t h e  mater ia l  
s e l e c t i o n  being based on cor ros ion  coupon t e s t s  
w i t h  t h e  actual  geothermal f l u i d .  The heat 
exchangers were opened and cleaned i n  May 1982. 
No evidence o f  corros ion o r  deposi ts  was found 
on the geothermal side. Minor i r o n  oxides 
deposi ts  found on t h e  domestic h o t  water s ide  
were bel ieved t o  have been f rom t h e  h o t  water 
storage tank. Annual inspec t ion  and c leaning 
should be more than adequate. 

ECONOMIC EVALUATION 

T o t a l  c a p i t a l  costs  f o r  t h e  Haakon geothermal 
system are estimated t o  be $1,218,884. 
i tures  through September 1983 were $1,209,185. 
Future spending w i l l  cover system moni tor ing 
and a f i n a l  repor t .  Table 1 presents a break- 
down o f  p r o j e c t  costs. O f  $1,209,185 spent, 

Expend- 

TABLE 1. HAAKON GEOTHERMAL PROJECT COSTS 

Program management 
Env i ronment a1 r e p o r t  
Supplies, communications, 

p r i n t i n g  
Travel  and subsistence 
Design and profess ional  serv ices 
Well d r i l l i n g  
Water t e s t s  
Construct ion 

Heat exchangers 
D i s t r i c t  p i p i n g  and 

School r e t r o f i t  
Test ing and record ing 

At torney and l e g a l  fees 
Moni tor ing and r e p o r t i n g  
Workshops and seminars 
Polymer concrete p ipe  t e s t  
To ta l  

treatment 

equipment 

cost  

$ 22,762 
844 

1,507 

996 
74,913 

31 1,516 
582 

13,600 
428,498 

329,000 
3,603 

1,556 
2,552 
8,176 
9,080 

1 , 2 0 9 , 1 8 5  

$934,326 o r  77% has been DOE money. Remaining 
funds were provided by the  Haakon school d i s -  
t r i c t  ($213,669), businesses connected t o  t h e  
d i s t r i c t  heat ing  system ($52,110), and 
Brookhaven Nat ional  Laboratory f o r  a t e s t  o f  
polymer concrete p ipe  i n  t h e  system ($9080). 

To ta l  costs  f o r  the  complete geothermal system 
were o r i g i n a l l y  est imated t o  be $438,763. 
Costs f o r  t h e  we l l ,  d i s t r i b u t i o n  system, and 
b u i l d i n g  conversion a l l  exceeded estimates. 
Construct ion o f  a water treatment p l a n t  and 
d i s t r i c t  heat ing  system added expenses t h a t  
were no t  inc luded i n  the  o r i g i n a l  estimate. 

Annual operat ing and maintenance costs  f o r  t h e  
e n t i r e  system t o t a l  near ly  $4000. Annual 
energy d i s p  aced i s  about 123,000 kWh e l e c t r i -  

and 91 m3 (24,000 ga l lons)  o f  propane. 

Simple payback was ca lcu la ted  fo r  f i v e  p a i r s  
o f  cases. 

c i t y ,  208 m 3 (55,000 ga l lons)  o f  f u e l  o i l ,  

F i r s t ,  assuming t h a t  a radium-226 removal p l a n t  
was needed a t  a cos t  o f  $117,400 and then w i t h -  
out  t h e  radium removal p lan t .  Simple payback 
was def ined as t h e  c a p i t a l  cos t  d iv ided by a 
s ing le-va lued ne t  annual savings provided by 
t h a t  investment. No accounting was made f o r  
e i t h e r  esca la t ing  savings nor cos t  o f  c a p i t a l  
which tend t o  be o f f s e t t i n g  fac to rs .  The 
j u n i o r  h igh school b u i l d i n g  was no t  considered 
s ince i t  i s  n o t  y e t  operat ing and would on1 
s h i f t  t h e  p o i n t  o f  a p p l i c a t i o n  o f  some o f  t x e  
energy. These cases are shown i n  Table 2. 

The pro jec t ,  as a c t u a l l y  conducted, shows a 
payback of 15.4 years. The next case deducted 
$52,000 f o r  t h e  c o s t  o f  spec ia l  government 
requirements such as e x t r a  repor ts ,  presenta- 
t i o n s  and moni tor ing.  This  was intended t o  
s imulate t h e  p r o j e c t  being conducted by t h e  
school d i s t r i c t  w i thout  government invo lve-  
ment. Th is  change o n l y  reduced t h e  payback b y  
0.7 year. 

Three f a c t o r s  had a s i g n i f i c a n t  impact on t h e  
cos t  o f  the  p r o j e c t  and i t s  associated simple 
payback. The b u i l d i n g  r e t r o f i t  costs  were s i g -  
n i f i c a n t .  Every room i n  each b u i l d i n g  had t o  
be converted from steam heating, e l e c t r i c a l  
res is tance heat ing o r  propane t o  ho t  water 
heat ing . 
The armory/high school b o i l e r  was obsolete and 
was rep laced w i t h  new modular un i ts .  The 
b o i l e r  i n  t h e  elementary school was modi f ied 
t o  conver t  i t  from steam t o  ho t  water produc- 
t i o n .  A deduction o f  $86,000 could be made i f  
t h e  a p p l i c a t i o n  were a compatible, ho t  water 
system. Th is  case would reduce t h e  simple 
payback t o  13.6 years. 

The agreement between the  school d i s t r i c t  and 
t h e  business d i s t r i c t  i s  t h e  second s i g n i f i c a n t  
f a c t o r .  
an estimated $47,500 each year b u t  on ly  pays 
$2,500 t o  t h e  school d i s t r i c t .  The prev ious 

The business d i s t r i c t  c u r r e n t l y  saves 
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TABLE 2. SIMPLE PAYBACK FOR THE PROJECT AND OTHER CASES 

Capi ta l  Cost 
w/Rad i um Remova 1 

Case ($1000) 

Actual  Cost 1,209 

Non-Govt. Pro ject  1,157 

- High R e t r o f i t  Cost 1,071 

+ 5m Business D i s t r i c t  Savings 1,071 

+ F u l l  Resource Use 1,121 

School D i s t r i c t  
Save/Income 

( S1000) 

Parameters are unchanged i n  succeeding cases except as noted. 

78.5 

78.5 

78.5 

99.75 

164.35 

Simple Payback (years) 

Ra Removal Ra Removal 
Needed Not Needed 

15.4 13.9 

14.7 13.2 

13.6 12.1 

10.7 9.6 

6.8 6.1 

cases counted t h i s  $2,500 per year as school 
d i s t r i c t  income (savings). The next case ( i n  
Table 2) assumes t h a t  the  school d i s t r i c t  
received about 50% o f  the savings obtained by 
t h e  business d i s t r i c t  users. This would 
increase t h e  school d i s t r i c t ' s  savings by 
$21,250 and reduces the  simple payback t o  the  
school d i s t r i c t  t o  10.7 years. 

F i n a l l y ,  t h e  geothermal system could g r e a t l y  
increase i t s  p r o f i t a b i l i t y  by changing i t s  
operat ing philosophy. The school b o i l e r s  could 
be used f o r  peak heat ing dur ing the severest 
weather. Th is  would a l low the  school d i s t r i c t  
t o  s e l l  cons iderably  more heat t o  t h e  business 
d i s t r i c t  a t  very  l i t t l e  add i t iona l  cos t  t o  the  
school d i s t r i c t .  

I t  was observed t h a t  t h e  school removes about 
8.9OC (16OF) and t h e  business d i s t r i c t  removed 
about 6.1OC ( l l ° F )  from the  peak f l o w  r a t e  o f  
21.5 l / s  (340 gpm). This  was under t h e  
extremely c o l d  c o n d i t i o n  -37OC (-35°F) which 
occurred once i n  t h e  l a s t  three years. The 
system was designed f o r  a usable temperature 
drop of 17.97OC (32.35OF). Even a t  t h i s  
extreme c o n d i t i o n  o n l y  83% o f  i t s  design 
capac i ty  was used. 

The school could be heated by i t s  own b o i l e r s  
under these condi t ions,  wh i le  r e t a i n i n g  a 10% 
s a f e t y  reserve. Using 90% o f  the  f u l l  peak 
system c a p a b i l i t y  o f  1.61 MJ/s (5.5 m i l l i o n  
Btu/hr )  would a l low t h e  school d i s t r i c t  t o  s e l l  
about 2.65 t imes as much energy as i s  c u r r e n t l y  
de l i vered  t o  t h e  business d i s t r i c t .  

The ana lys is  used t h e  f o l l o w i n g  assumptions. 
The school b o i l e r s  would be operated 200 hours 
per  year so a l i t t l e  less  than $7000/year was 
added t o  cover increased operat ing cost. The 
a d d i t i o n a l  energy can be s o l d  a t  the  same r a t e  
as the  "50% of savings" case so the  ne t  

increase i n  revenue t o  the  school system would 
be $64,600 per year. It was a lso assumed t h a t  
an a d d i t i o n a l  $50,000 i n  c a p i t a l  costs  would 
be needed t o  accomplish t h i s  expanded use o f  
t h e  system. The ne t  e f f e c t  o f  these assump- 
t i o n s  i s  t o  reduce the simple payback f o r  the  
p r o j e c t  t o  6.8 years or, i f  no radiumremoval 
p l a n t  were needed, 6.1 years. 

The assumptions used i n  the  case f o r  increased 
energy sa les are t e n t a t i v e  and may be somewhat 
o p t i m i s t i c .  
s t i l l  appears t o  m e r i t  f u r t h e r  consideration. 

But t h e  expansion o f  t h e  system use 

CONCLUSIONS 

Equipment i s  r e a d i l y  ava i lab le  which w i l l  g i v e  
r e l i a b l e  serv ice  i n  a geothermal environment. 
However, i t  should be c a r e f u l l y  selected based 
on adequate corros ion tes t ing .  

The economics o f  t h e  p r o j e c t  would be much 
improved i f :  there  had been no radium removal 
p l a n t  required, t h e  r e t r o f i t  would have been 
l e s s  expensive, t h e  business d i s t r i c t  users 
had payed a la rger  percentage o f  t h e i r  energy 
savings t o  t h e  school d i s t r i c t ,  and t h e  school 
b o i l e r s  were used f o r  peaking t o  generate more 
revenue. 

The c o n t r o l  system should be adjusted t o  more 
f u l l y  u t i l i z e  the resource p a r t i c u l a r l y  under 
p a r t i a l  load condi t ions.  This may be d i f -  
f i c u l t  due t o  t h e  redundancy and complexity 
o f  t h e  present system. If necessary, the  
c o n t r o l  system should be modi f ied t o  make i t  
more responsive t o  t h e  vary ing heat demand. 
Conserving t h e  resource should be a bas ic  
o b j e c t i v e  t o  assure i t s  a v a i l a b i l i t y  t o  a 
maximum number o f  f u t u r e  users. 
us ing  t h e  geothermal water more e f f i c i e n t l y  
would reduce operat ing costs  by us ing l e s s  
barium ch lo r ide .  

I n  add i t ion ,  
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