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ABSTRACT 

GEOTHERMAL DOMESTIC WATER HEATING AT 
WARM SPRINGS STATE HOSPITAL I N  MONTANA 

A l l an  D. M i l l e r  

MultiTech, Inc.  
P.O. Box 4078 

Butte, Montana 59702 

We are presenting the background and necessary 
steps t h a t  were fo l lowed i n  developing a demonstra- 
t i o n  geothermal p ro jec t  a t  the Warm Springs State 
Hospi ta l  i n  Warm Springs, Montana. Thi s Department 
of Energy sponsored program, under Cooperative 
Agreement No. DE-FC07-78ET-27055, was i n i t i a t e d  
t o  encourage the  development o f  s i m i l a r  geothermal 
resources and t o  u t i l i z e  the ava i lab le  geothermal 
energy t o  replace the na tura l  gas u t i  1 i ty  require- 
ments o f  the f a c i l i t y .  

INTRODUCTION 

I n i t i a l  work involved obtaining and analyzing 
the  components of the energy d i s t r i b u t i o n  system a t  
Warm Springs Sta te  Hospi ta l  t o  gather pe r t i nen t  
data on the  energy demand of  the fac i , l i t y .  Degree 
days and ambient temperature ca lcu la t ions  were made 
t o  determine bu i l d ing  heating requirements. Analy- 
s i s  of the  cent ra l  system p l a n t  loads were made t o  
confirm the  bu i l d ing  heating needs and t o  substan- 
t i a t e  the domestic ho t  water demand cycles dur ing 
the  nominal 12 hour day. 

Recommendations from the pre l im inary  work were 
t o  supply the domestic hot water requirement of 
30,000 gal lons per day (885,000 BTUHr and peak 
space heat i  ng requi  rements f o r  the Warren Bui 1 ding, 
main hosp i ta l  bu i ld ing ,  (456,000 BTUHI and the Food 
Service Bu i ld ing  (1,943,000 BTUH) with the geother- 
mal resources. A proposal for  a product ion we l l ,  
r e i n j e c t i o n  we1 1 , and the necessary conversion 
components was submitted t o  the Department o f  
Energy Program Opportunity Not ice f o r  F i e l d  Experi- 
ments fo r  D i rec t  Uses of Geothermal Energy. That 
proposal was approved by the DOE and the p ro jec t  
was underway. 

A review o f  the permit  requirements substan- 
t i a t e  t h a t  we l l  d r i l l i n g  permits and product ion 
we l l  permits were required. I n i t i a l  design and 
environmental considerations provided an op t ion  
t o  discharge the spent geothermal water t o  a 
wetlands area f o r  game hab i ta t .  No permit  was 
required fo r  discharge of spent geothermal water 
i n t o  an a r t i f i c i a l  impoundment, however, a permit  
i s  being obtained from the Montana Department o f  
Fish, W i l d l i f e ,  and Parks i n  the remote poss ib i -  
l i t y  t h a t  an accidental overf low i n t o  S ta te  waters 
could occur. 

RESOURCE EVALUATION 

Geophysical inves t iga t ions  were accomplished 
w i t h  a Resource Evaluation conducted by the Montana 
College of Mineral Science and Technology i n  con- 
j unc t i on  w i t h  the Montana Bureau o f  Mines. The i r  
charge was t o  determine a su i tab le  we l l  s i t e ,  hope- 
f u l l y  on the Warm Springs State Hospi ta l  property. 

This evaluat ion consisted o f  a g r a v i t y  and 
r e s i s t i v i t y  survey i n  the immediate area o f  the 
e x i s t i n g  ho t  springs mound; evaluat ion o f  e x i s t i n g  
reports,  maps, surveys, and studies o f  the imme- 
d i a t e  Warm Springs area; and review o f  two indepen- 
dent studies o f  the Deer Lodge Valley. Three prob- 
able f a u l t s  were mapped running northeast t o  south- 
west and no r th  t o  south. The f i n a l  d r i l l i n g  loca- 
t i o n  was chosen a t  a s i t e  northeast o f  the  e x i s t i n g  
ho t  springs mound w i t h i n  100 f e e t  o f  the steam 
p l a n t  and a we l l  r i g  was moved onto the  s i t e  on 
October 11, 1979. 

WELL DRILLING 

D r i l l i n g  proceeded through December 5, 1979 t o  
a t o t a l  we l l  depth o f  1,498 fee t .  A cemented sur- 
face casing o f  12-3/4" O.D. was run t o  896 f e e t  and 
8-5/8" O.D. product ion l i n e r  was run from 849 f e e t  

ENVIRONMENTAL REPORT AND LEGAL/STATUTORY REVIEW t o  a t o t a l  depth o f  1,448 feet.  A s l o t t e d  produc- 
t i o n  l i n e r  w i t h  16 s l o t s  per foot  (3/16" x 2-3/4") 

An environmental repor t  was prepared t o  deter- was used from a depth of 1,037 feet t o  1,371 feet: 
Schl umberger logged temperature, dual induc t ion  - 
la te r l og ,  compensated neutron formation dens i ty  and 
c a l i p e r  o f  the hole f o r  f u r t h e r  evaluat ion and 
records of the  we l l .  

m i  ne any adverse envi ronmental o r  soci oeconoml'c 
impacts r e s u l t i n g  from the demonstration pro jec t .  
The r e p o r t  ind ica ted  t h a t  very l i t t l e  negative 
environmental impact would r e s u l t  from the develop- 
ment and demonstration of the geothermal resource. 
There were also no long-term e f f e c t s  i n  the soc ia l  
o r  economic environments ant ic ipated. 
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WARM SPRINGS PROOUCTlON WELL 

I n i t i a l  p re l im inary  pumping tes ts  ind ica ted  
t h a t  t he  we l l  was producing considerably less  than 
might be expected from the we l l  log-formation 
evaluat ion.  A decis ion was made t o  perform a 
hydrochlor ic mat r ix  ac id  treatment on the we l l .  A 
v e r t i c a l  l i n e  shaf t  t u rb ine  pump was then i n s t a l l -  
ed and pump tes ts  were resumed. V ib ra t ion  prob- 
lems plagued the t e s t  and a t o t a l  running of only 
52 hours was recorded before removing the pump 
from the  we1 1. Subsequent examination revealed 
t h a t  the eslatomer spiders had f a i l e d ,  the bubbler 
tube had sheared o f f  and the pump in take  screen 
had been l o s t  downhole. 

WELL DEVELOPMENT 

An evaluat ion was conducted on the we l l  t o  
present s ign i f i can t  data and t o  evaluate the  wel l  
i n  terms o f  the p ro jec t  requirements. The two 
most promi s ing zones o f  geothermal product i  v i  ty 
were i d e n t i f i e d  a t  l eve l s  o f  1,110 f e e t  t o  1,180 
f e e t  and 1,250 feet t o  1,340 feet. The we1 1 was 
i d e n t i f i e d  as having low values o f  permeabi l i ty  
(2.84-5.66 m i l l i d a r c i e s )  and pump t e s t s  seemed t o  
i nd i ca te  wide va r ia t i ons  i n  the  production charac- 
t e r i s t i c s  o f  the we l l .  With t h i s  informat ion i t  
was recommended t h a t  the  we l l  be reworked and 
deepened an add i t iona l  50 f e e t  t o  penetrate what 
i s  bel ieved t o  be another zone o f  ho t  geothermal 
water. 

Th is  recommendation was f o l  lowed and the  
bottom 220 feet o f  the we l l  was ba i l ed  o f  d r i l l i n g  
mud and rock chips. A s o l i d  metal i tem was en- 
countered a t  the bottom of the we l l  and could no t  
be re t r i eved  thus preventing increasing the hole 
depth an additi.ona1 50 fee t .  A decis ion was made 
to perforate the product ion l i n e r  from 1,-391 f e e t  
t o  1,496 feet w i t h  two 1/2" per fo ra t ions  per foot. 
A t e l e v i s i o n  camera was u t i l i z e d  t o  examine the 
product ion 1 i n e r  a1 though the  temperature pre- 
vented inspect ion t o  the  t o t a l  we l l  depth. A 
proposal f o r  screening was a lso  abandoned as the 
wel l  had been so plugged w i t h  d r i l l i n g  mud t h a t  
screeni:ng would have served no useful  purpose. 

A suhmersihle pump was i n t a l l e d  and i n i t i a l  
testi:ng ind ica ted  t h a t  the pump s i z ing  was i n  
excess o f  the producing capaci ty of the we l l .  
Another submersible pump was i n s t a l l e d  on May 19, 
1981 a t  a sett i 'ng depth o f  987 fee t .  
then tes ted  a t  ra tes  of 50, 75, 95, and 110 gpm 
f o r  100 hours each and nine hours step drawdown 
t e s t s  were run  a t  25, 50, and 75 gpm. The gpm 
a t  16VF can be maintained. 

The we l l  was 

DESIGN AND CONSTRUCTION 

The envisioned concept of u t i l i z i n g  the  geo- 
thermal resource f o r  both space heating and 
domestic ho t  water heating was modif ied t o  accom- 
modate on ly  the  domestic ho t  water heating due t o  
the  reduced t o t a l  geothermal resource ava i lab le .  
The spent geothermal water i s  discharged t o  a 
wet-lands area being developed fo r  waterfowl and 
w i l d l i f e  instead o f  re in jec ted  as previously con- 
sidered. The designs o f  the  heat t rans fe r  system 
proceeded w i t h  the incorporat ion of a 316 s ta in -  
less  s tee l  p l a t e  type heat exchanger w i t h  capabi- 
l i t i e s  f o r  f u l l  geothermal pump discharge. A vent 
and vacuum valve, so l i ds  separator, f low ind i ca to r ,  
pressure gauges, temperature gauges, and the neces- 
sary valves, etc.  are used on the geothermal s ide  
o f  the  system. 

A l l  domestic co ld  water makeup i s  routed 
through the  heat exchanger t o  supply the  demands 
o f  the Warm Springs f a c i l i t y .  A Btu f low meter 
w i l l  compute the t o t a l  amount o f  the geothermal 
resource u t i  1 i zed. Pressure gauges, temperature 
gauges, and safety devices are incorporated t o  pro- 
v ide safeguards f o r  the system. 
geothermal r e c i r c u l a t i o n  pump i s  used t o  provide 
f l ow  from the  e x i s t i n g  domestic water r e c i r c u l a t i o n  
system dur ing  times of low water demand. 

A domestic water 

SUMMARY 

The energy extracted from the  geothermal 
resource has been ca lcu la ted  based on a 60% u t i l i -  
za t i on  f a c t o r  of t he  70 gpm flow w i th  a temperature 
reduc t ion  from 16Ook t o  90°F. 
l a t i o n  o f  1.47 x 10 BTUH-can be fu r ther  i n t e r -  
preted t o  a value o f  15.52 x 106 cubic f e e t  o f  
na tu ra l  gas (829.5 BTU/ft3) replaced per year. 
d o l l a r  value of t h i s  na tura l  gas i s  $68,000 pe r  
year  . 

This energy calcu- 

The 

The i n s t a l l a t i o n  was completed dur ing the  
summer o f  1982 and has proven t o  operate sat isfac- 
t o r i l y  w i t h  on ly  minor s ta r tup  problems. The sys- 
tem has n o t  been operat ional  long enough t o  t rack  
the usage o f  water as ca lcu la ted  by the Btu f l o w  
meter. 
geothermal water have been discussed although no 
p o s i t i v e  ac t i on  has developed from those d i s -  
cussi ons . 

Fur ther  considerations f o r  the use o f  spent 

The development of t h i s  demonstration p r o j e c t  
has provided a show piece f o r  d i r e c t  use o f  a 
geothermal resource. The i n i t i a l  phases o f  t he  
p r o j e c t  provided the  impetus t o  complete the  pro- 
j e c t  and present the  geothermal energy resource 
concept t o  the  general pub l i c  and for t h e i r  incor -  
pora t ion  i n t o  s i m i l a r  p ro jec ts .  
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