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, GEOTHERMAL DISTRICT HEAT I FJG SYSTEMS 

Introduction 

the private sector within the United States has been-quite limited 
to date. However, there is a large potential market for ceothermal 
energy in such areas as industrial processing, agribusiness, and 
space/water heating of comnercial and residential building. Tech- 
nical and economic information is needed to assist in identifying 
prospective direct heat users and to match their energy needs to 
specific geot hermal reservoirs. Technological uncertainties and 
associated economic risks can influence the user's perception of 
profitability to the point o f  limiting private investment in geo- 
thermal direct applications. 

the Department o f  Energy (DOE), Division o f  Geothermal Energy, 
issued two Program Opportunity Notices (PON's). These solicitations 
are part of DOE'S national geothermal energy program.plan, which has 
as its goal the near-term comercialization by the private sector of 
hydrothermal resources. Encouragement is being given to the private 
sector by DOE cost-sharing a portion of the front-end financial risk 
in a limited number of demonstration projects. 

The use of geothermal energy for direct heat purposes by e . . .  

To stimulate development in the area of direct heat use, '\ 
\ 

1. 

Ten of the district heating type demonstration projects 

The five project 



Klamath County YMCA 

T h i s  project consists of the design, construction, tes t ,  
and demonstration of a geothermal heat ing system for  the Klamath 
County YMCA. The system i s  t o  provide heat for the bu i ld ing ,  
domestic hot  water, and the swimming pool. 
heating system w h i c h  i s  being retained as a backup system. 
geothermal system satisfies the total heating requirements o f  the 
YMCA . 
iystem. Geothermal f l u i d  from the production well flows through a 
plate  type heat exchanger where heat is  given up t o  a secondary 
water circuit. Geothermal fluid is  250 gpm (15.8 J/s); inlet  and 
outlet temperatures are 146°F (63OC) and 142°F ( 6 1 O C )  respectively. 
The secondary fluid outlet temperature is 146°F (63OC). The plate 
heat exchanger is more than adequate for i ts  expected duty. 

Table 1 summarizes the principle features o f  the system. 
The flow requirement a t  peak load w i t h  a geothermal temperature of 
146OF i s  250 gpm (15.8 1/s). The variable speed drive pump operates 
over a load range of 60 t o  250 gpm (3.8 t o  15.8 l /s) .  

Table 1 

I t  replaces a gas-fired 
The 

Figure 1 is  a schematic diagram o f  the geothermal heating 

Klamath County YMCA 
Sys tern Character i s t i cs 

Production Me1 1 : 
Depth 
We1 1 head Temperature 
F1 ow 
Sta t ic  Level Depth 
Drawdown 

Pump: 
Motor Power 
F1 ow 

Heat Exchanger: 

1410 f t .  (430 m) 
147OF (64OC) 
310 gpm (19.6 l/s) 

179 f t .  a t  250 gpm 
(54.6 m a t  '15.8 l/s) 

91 ft. (28 m) 

40HP (30kw) 
250 gpm (15.8 l /s)  a t  

62 psi (427 kPa) 
discharge pressure 

66 plate, stainless steel 
Injection Well: 

Depth 2016 f t .  (614 m) 
Injection Temperature 142°F (61OC) 
Injection Pressure 31 psi (214 kPa) 

System Heat Loading: 
Total 7 x 10 9 Btu/yr (7.4 x 10 kJ/yr) 9 
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The geothermal heating system at the YMCA was completed in 
I April 1980 and has been- operational almost continually ever since. 

It supplies 100% of the heat energy needs of the YMCA. 

Susanville District Heatinq 

This project consists of the design, construction, testing, 
and operation of a geothermal energy system for space heating of 14 
publicly owned or leased buildings. The system has provision for ex- 
pansion to include additional buildings and a park of commerce. The 

' 

area o f  the buildings and heat loads on the system are listed in 
Table 2. Geothermal energy will meet approximately 80% of the total 
heat load of the buildings. 

Table 2 

Susanville Public Buildings 
Area and Heat Loads 

.Total Heat 
$i ze Load lo6 
Sq. ft. Sq. M. Btu/Hr Watts 

County Court House 22,000 2,040 1.26 .37 
City & County Jail 7,100 660 .37 .ll 
Washington School 11,600 1,080 1.56 .46 
Lassen High School 139,000 12,900 7.23 2.12 
School Office 3,200 300 .21 .06 
School Maint. Shop 5,000 465 -76 .22 
Veterans Hal 1 14,400 1,340 .60 .18 . I1 Fire Hall 7,900 730 

210,200 19,515 12.35 3.63 
- .36 - 
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Klamath Falls District Heating 

This project consists of design, construction, test, and 
operation of a geothermal district heating project which, initially, 
will serve 14 city, county, state and federal buildings. The system 
consists of two main circuits. Geothermal fluid flows from a pro- 
duction well through approximately 4,000 feet of 8" pipe to heat 
exchanger building. After passing through the heat exchangers, the 
geothermal fluid is inject into a well adjacent to the building. 

The water in the econdary circuit is purnped through 
approximately 7,000 feet of piping reducing from 10" to 3" in size 
as water is supplied to various buildings for heating. 

district heating system. 
Figure 3 is a schematic diagram of the Klamath Falls 

Table 4 summarizes the system characteristics. 

Table 4 

Klamath Falls 
stem Characteristics 

Product i on We1 1 : No. 1 No. 2 
350 ft. (107 m )  350 ft. (107 m) 

650 gpm 41 l/s 800 gpm (50 11's) 
218OF (98OC) 

10 ft. (3m) 
2180F tg8OC) 

We1 1 head Temperature 

60 ft. (18 m) 

2-75HP 56 Kw) each 
350 gpm t 22.1 l/s) each 

Variable speed drives 
Injection GIell : 

Not available 
176OF (80°C) 
8 psi (55.1 kPa) Injection Pressure 

System Heat Load: 
62.4 x lo9 kJ/yr) 

(48.5 l/s at 99OC) 
Gtu/hr (4.5 blw) 

gpm at 22OOF 

EPDM gaskets 

Inlet 16OOF (71OC) 
Flow 378 gpm (23.9 l/s) 
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Reno Condominium Heating 

This project consists o f  the design, construction, testing, 
and operation of a geothermal heating system f o r  space heating, dornest 
hot water and swimning pool heatinq f o r  the Salem Plaza condominium 

ic 
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El Centro Community Center Heating/Cooling System 

This project consists of the design, construction, testing, 
and operation of a field experiment for space heating and cooling and 
domestic hot water heating for the El Centro Community Center, a public 
recreational facility. Heat in the geothermal fluid will be transferred 
to water to provide space heating and domestic hot water during the 
winter. During the sumer, part of the heat in the geothermal fluid is 
used to operate a lithium bromide absorption chiller to produce chilled 
water at 42OF. The chilled water is used to cool the community center. 
Figure 5 is a process flow diagram of the system. 

Table 6 summarizes the system performance characteristics. 

* Table 6 

El Centro Community Center 
System Characteri stics* 

Production We1 1 : 

. 

"Omitted inform 
**Des i gn Condi t 5 
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FIG 5 

EL CENTRO COMMUNITY CENTER 
SYSTEM SCHEMATIC 
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Haakon Schools 

heat ing  i s  prov ided t o  f i v e  school bu i l d ings  by the a r t e s i a n  
f l o w  o f  up t o  340 gpm (21.5 l/s) o f  157OF (69.4OC) water f r o m  
t h e  Madison Aqui fer ,  Table 7. 
then used t o  heat e i g h t  downtown businesses before i t  i s  t r e a t e d  
w i t h  barium c h l o r i d e  t o  p r e c i p i t a t e  ou t  Ra-226 i n  ho ld ing  
ponds. It i s  then discharged i n t o  the  Bad River ,  Figure 7. The 
heat ing  system has been opera t ing  s a t i s f a c t o r i l y  s ince November, 
1980. However, t he  operat ion of the Ra-226 removal system i s  
s t i l l  undergoing development t o  reduce maintenance. 

A s i n g l e  p ipe  l i n e  c a r r i e s  the  geothermal f l u i d  f r o m  
t h e  w e l l  head t o  the  Armory High School Bu i ld ing .  
supply and discharge l i n e s  serve the school bu i l d ings .  A sing:e 
l i n e  takes the  school d ischarge t o  the  business d i s t r i c t  heat ing  
system which p resen t l y  serves e i g h t  o f  a planned n ine  

In P h i l i p ,  South Dakota, space and domestic water 

The water, a t  1 3 O O F  (54.4OC) is 

Separate 

Table 7. System Character i  stics--Haakon School 

4266 f t  (1300 m) 
157OF (69.4OC) 

Flowing pressure 

Heat Exchangers 316 s t a i n l e s s  s t e e l  



Discharge 
Line 

School Heating 
Loads 

13OOF (54.4"C) 

9 Business Heating 
Loads 

75°F (23.9OC) 
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Press Reduclng Valve 

Heat Exchanger + 1 

Heatlng Water Supply lOO'P. 

Heatlng Watsr Return 76'F. 

Heat Exchanger +2 

Water Sottenor 

I w 
? 

w. 
4000 Gallon 
H.W. Storage 

Heat Exchanger +3 

blschargs To River 
Appro.. 76.f. to 80'F. 
370 G.P.M. Peak Flow 76  0.P.U. 



Existing Air Cooled 
Chiller Systems 

Typical Exlst. Room Fan 
coil Unit (Presently Used 
For Summer Air Conditlonlng) 

HEAT APPLICATIONS 



Table 8. System Character is t ics- -St .  Mary's Hosp i ta l  

Product ion We1 1 Depth 2174 f t  (662.6 m) 
We1 1 head temperature 
Flow (maximum, ar tes ian)  
Shut i  n pressure 
Flowing pressure 

106OF (41.1OC) 
375 gpm (23.7 l/s) 
480 p s i g  (3309 kPa) 
27 p s i g  (186 kPa) 

Pump None 

Heat Exchangers F1 a t  p l  a t e  316 s t a i n l e s s  s tee l  

Disposal I n t o  Missour i  R iver  

System Heat- Loading 11.44 x lo9 Btu/yr 
(peak) 5.5 x lo6 Btu/h 

(12.07 x lo9 kJ/yr)  
(1.63 MW) 

About ,155 gpm (9.78 l/sj of 100OF (38PC) water from heat  
exchanger No. 1, represent ing 2,000,000 Btu/h (0.59 MW), i s  
a v a i l a b l e  f o r  use i n  the  new h o s p i t a l  add i t i on ,  F igure 10. 
geothermal energy i s  u t i l i z e d  i n  the  ho t  deck c o i l  o f  t he  main 
b u i l d i n g  a i r  handl ing u n i t s .  As the  ou ts ide  temperature drops 
and the  demand f o r  heat increases, a d d i t i o n a l  energy i s  
ex t rac ted  by d i r e c t i n g  a p o r t i o n  o f  t he  approximate 8OoF (27OC) 
r e t u r n  water from the h o t  deck i n t o  the  c h i l l e r .  Heat i s  then 
taken from the  condenser o r  h o t  s ide o f  t he  c h i l l e r  i n  the  form 
o f  120OF (49OC) warm water f o r  use i n  i n d i v i d u a l  space heat ing  
c o i l s .  Th is  condenser water i s  a l so  u t i l i z e d  t o  add heat t o  the 
100°F (38OC) preheated domestic ho t  water t o  r a i s e  i t  t o  a f i n a l  
use temperature o f  l lO°F  (43OC). 

The 

Diamond Ring Ranch 

A t  t h e  Diamond Ring Ranch, near Midland South Dakota, 
an e x i s t l n g  (1959) w e l l  produces 152OF (67OC) water a t  170 gpm 
(10.7 l/s) a r t e s i a n  f l o w  f r o m  the  Madison Aqu i fe r .  The w e l l  i s  
ROW p rov id ing  space heat ing  t o  s i x  s t ruc tu res ,  F igure 11. It 
a l s o  suppl ies heat t o  a 700 bushel per  hour g r a i n  d r y e r  f o r  a 
few weeks i n  t h e  f a l l .  

hea t ing  season and u n t i l  February o f  t h e  1980-81 season when a 
power f a i  l ure a l  1 owed f reez ing t o  damage t h e  r e c i  r c u l  a t i  ng 
l i n e s .  A f t e r  a change o f  ranch ownership, f u l l  system operat ion 
was resumed on January 10, 1982 wi th  an t i f reeze i n  a l l  
r e c i r c u l a t i n g  loops. The upper loop was shut down a f t e r  f o u r  
days s ince the  h o s p i t a l  barn and mobi le homes were unoccupied. 

The system operated normal ly  d u r i n g  the  1979-80 

-18- 



10. NEW BUILDING fiEATtNG SYSTEM SCHEMATIC 



I 
h) 
0 
I 

RAILER HOMES 
L N  G R A I N  ‘DRYER 

%zi? 
======= 

ROAD 

WA?&fl PIPE 

* DISCHARGE 

RESBRVC)IR 2 
HOME 

e 11. Layout o f  the Diamond Ring Ranch Geothermal Project 

e 

1) I 



r' V 

The system operating charac te r i s t ics  are  given in 
Table 9. The system schematic i s  shown in Figure 12. 
s t a in l e s s  s tee l  plate-type heat exchangers are  used t o  heat 
recirculat ing water. One of these exchangers i s  located a t  a 
700 bushel per h o u r  grzin dryer and one i n  the shop.  The 
exchanger a t  the grain dryer supplies a h o t ,  inhibited propylene 
glycol-water mixture t o  a water-to-air exchanger t h r o u g h  which 
t h e  grain dryer fan pul ls  h o t ,  dry a i r .  

Two 

Unlike conventional 

.The  heat exchanger i n  the shop i s  used t o  heat water 
recirculat ing i n  two conventional hydronic loops s u p p l y i n g  
water-to-air exchangers. 
and the  hospital barn. 
home, and the employee's home. Temperature sensors a t  each 
end-use exchanger can s t a r t  the recirculat ing pump i n  the shop 
t o  maintafn hot water i n  each l ine .  This reduces the response 
time when the space heating thermostat c a l l s  fo r  heat. 

One loop feeds the two mobile homes 
The seccnd loop feeds the shop ,  owner's 

Table 9. System Characteri stics-Diamond Ring Ranch 

4112 f t  (1253 m) 





(113.6 l/s). 
recirculation loops and disposal into the San Juan River will be 

An isolation plate heat exchanger, two 

Construction o f  the basic distribution system was 

rotated. This’pernits even utilization o f  all four pumps. In 
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Table 10. System Characteri stics--Pagosa Springs 

275 f t  (84 n) 

Shutin Pressure 

(63.09 l/s a t  24.4 

(31.55 l /s  a t  47.8 m) 

316 stainless steel 

CIrculating Fluid 

Temp. Pressure Flow 
(OF) (psig) (qpm) 
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district. The BWSWD system, Figure 14, prcvides a peak flow 
rate of approximately 1700 gpm (107.3 l/s) at 170OF (76.7OC) 
from the two existing wells. The new pipeline is sized for 
3000 gpm (189.3 l/s). The city system, Figure 15, is being 
designed for an eventual capacity of 4000 gpm (252.4 l / s )  but 
initial well production capacity is expected to be approximately 
2000 gpm (126.2 l/s). 
Table 11. 

Under a private partnership agreement, four city wells 
have been completed, two of which may be able to produce 
2000 gpm (126.2 l/s). Preparations are being made to test these 
two wells. The construction of the BWSWD main lines in progress 
and the final dssign for the city .system is i n  the final 
approval stage. On March 17, 1982, the Idaho Department of 
Health and We1 fare conditionally approved disposing of the water 
in the Boise River at the Americana Bridge which is much nearer 
the project site. 

Conclusions 

System characteristics are shown in  

These projects have demonstrated the technical , 
economic, institutional and environmental feasibility o f  using 
low-temperature geothermal energy for district heating. 
example, the availability of a geothermal resource at Susanville 
has resulted in developing additional projects in the 
community. 
126 homes under a HUD project and geothermally heating a State 
of California correctional center. In addition, studies are 
underway to cascade returned geothermal fluids from these 
facilities through an industrial park. 

For 

These projects are the geothermal heating of 

In some instances, geothermal development has met 
community resistance because of concern of residents for local 
water resources for the environment. The City of Klamath Falls 
project demonstrated that these concerns were unfounded and the 
prospects for expansion of geothermal energy utilization in the 
community is improved. 

The Haakon project has provided significant experience 
in the removal o f  Ra-226 from geothermal fluids by precipitation 
with barium chloride. 
demonstrated that a resource with a temperature of only 106OF 
can be used and used economically. An annual cost savings of 
$80,000 per year results in a nine year simple payback; but if 
savings escalate at 8% annually the payback drops' to seven 
years. Diamond Ring Ranch's grain dryer will provide data on 
"dry heat" drying . 

The St. Mary's Hospital project has 

The Pagosa Springs project is exercising water rights 
issues and the new state geothermal law which will pave the way 
for additional projects in the State of Colorado. In addition, 





Figare 115. BOISE CITY GEOTHERMAL ~ 

SYSTEM PLAN 
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Table 11. System Characteristics--Boise 

(BWSWO) Production Wells No. 1 and 2 

Production We1 1 s 
(exi sting since 1850s) 

Depth 400 f t  (122 m) 
Wellhead Temperatures 17OOF (76OC) 
Flow (combined) 
Shutin Pressure 
Pumped Flow 

i700 gpm (107.3 l / s )  
7 psig (48 kPa) 
1000 gpm at 195 f t  
(63.09 l/s at 59.4 m) 

3 

60 HP (45.6 kW) 
Pumps (2) 

Horse Power (each) 
Constant speed type 

Heat Exchanger None, direct use 

Individual to Boise River 

No. 2 No. 4 

880 ft (268 m) 
164OF (73.3OC) 1 6 8 O F  (75.6OC) 
1200 gpm (75.71 l/s) 
7 psig (48 kPa) 

1103 ft (336 m) 

400 gpm (25.24 l/s) 
7 psig (48 kPa) 

None, direct use 

Into Boise River at Americana Bridge 

Combined System Heat Loading 




