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ABSTRACT 

The topic of this paper is the 
feasibilty of heating three building 
complexes with geothermal energy. The 
complexes are a college, a hospital and 
the high schools of Scottsbluff, Nebraska. 
The resource is assumed to be 1 8 0 O ~  water 
from aquifers 4700 to 5200 ft below the 
surface; the static water level is 
expected to be about 2000 ft below the 
surface. Reinjection will be necessary. 
We discuss some of the design probelms as 
well a s  the economics of utilizing this 
resorce. Various scenarios for heating 
the complexes are explored. The payback 
periods in terms of current energy prices 
range from 9 t o  32 years. Using DOE 
projected fuel prices the payback periods 
range from 6 to 11 years. The most cost 
effective project would be to heat the 
College and part of the Hospital with 
geothermal energy. 

INTRODUCTION 

D u r i n g  the last year our 
organization has been working towards the 
c o m m e r  c i a 1  i za tion of the Nebraska 
g e o t h e r m a l  r e s o u r c e  (Gosnold and 
Ingersoll, 1982). In the Spring of 1981 
w e  w e r e  commissioned t o  study the 
heating/cool ing alternatives of Nebraska 
Western College (NWC) in Scottsbluff 
Nebraska ( AGEA, 1981). The geologist's 
report indicated that flow rates of 150 
gpm and temperatures of 180° F are quite 
probable. The wells would have to to be 
drilled to a depth of 5200 ft and the 
artesian head is expected to bring the 
water t o  within 2000 ft of the surface. 
The water is expected to contain 5 to 15 
ppm dissolved solids and reinjection of 
the used geothermal fluids is anticipated. 
T h e  economic analysis indicated that an 
additional user would decrease the payback 
period . 

Early in 1982 a second study was 
commissioned by a user group representing 
the College, the West Nebraska General 
H o s p i t a l  ( W N G H )  and the Board of 

E d u c a t i o n .  T h i s  second study was 
completed in April of 1982 and the results 
were presented to the governing bodies of 
those institutions (AGEA, 1982) . A 
report on the retrofitting of the Hospital 
was available from Kirkham, Michael h 
Associates (KM&A, 1982). In the second 
AGEA report this information was utilized 
together with studies on the College and 
the High Schools to form district heating 
s c h e m e s  a n d  f o r  t h e  p u r p o s e  of 
cost-benef it analysis. In addition this 
s t u d y  c o n t a i n s  a fairly detailed 
discussion of the relevant geology in the 
Scottsbluff region . 
DESCRIPTION THE PROJECT 

F i g u r e  1 shows the relative 
locations of the buildings. The letters 
A,B,C,D,E label the individual sites. At 

Figure 1 . A portion of Scottsbluff 
showing the locations of the 
three complexes. 

the upper left is the hospital complex 
(labelled B and C); at the lower left is 
the School complex consisting of the 
S e n i o r  High School with associated 
Splash-Arena (labelled D) and the Junior 
High School (labelled E); at the lower 
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r i g h t  i s  t h e  C o l l e g e  ( l a b e l l e d  A). The 
maximum d i s t a n c e s  between complexes are 
somewhat over  one m i l e .  

A l l  o f  t h e  b u i l d i n g s  are heated w i t h  
n a t u r a l  g a s .  The C o l l e g e  (NWC) c o n s i s t s  
o f  t h r e e  b u i l d i n g s  which are most ly  on one  
l e v e l .  The bulk  o f  t h e  h e a t  is d e l i v e r e d  
by c i r c u l a t i n g  h o t  water. 

The schools c o n s i s t  of t h e  J u n i o r  and 
S e n i o r  h igh  s c h o o l s  ( J H S  and SHS 1 .  Both 
b u i l d i n g s  a r e  h e a t e d  w i t h  l o w  p r e s s u r e  
steam. The SHS h a s  a modern steam h e a t i n g  
sys tem : t h e  JHS is a n  older b u i l d i n g  w i t h  
cast  i r o n  steam r a d i a t o r s .  

The h o s p i t a l  h a s  a n o r t h  and a s o u t h  
b u i l d i n g .  Both u t i l i z e  l o w  p r e s s u r e  steam 
i n  t h e i r  mechanica l  sys tems and t h e  main 
h e a t i n g  load is t h e  v e n t i l a t i n g  a i r .  The 
n o r t h  b u i l d i n g  i s  a l a r g e  m u l t i s t o r y  
s t r u c t u r e ;  t h e  s o u t h  b u i l d i n g  is a smaller 
and o l d e r  s t r u c t u r e .  

To g a i n  a n  i n s i g h t  i n t o  t h e  economics 
o f  g e o t h e r m a l  h e a t i n g  w e  f i r s t  assumed 
t h a t  each  complex is heated from its own 
associated w e l l  system. Next we e x p l o r e d  
t h e  possibil i t ies o f  supply ing  more t h a n  
one u s e r  from one or more geothermal  w e l l .  

T h e r e  a r e  many p o s s i b i l i t i e s  f o r  
d i s t r i c t  h e a t i n g  schemes. W e  choose t o  
d e v e l o p  t w o  of  them and c a l l  them System I 
and System 11. I n  System I w e  s u p p l y  h e a t  
t o  t h e  C o l l e g e  and Hospital Complexes from 
o n e  w e l l  l o c a t e d  n e a r  t h e  C o l l e g e :  i n  
S y s t e m  I1 w e  a t t e m p t  t o  h e a t  a l l  t h r e e  
complexes from two p r o d u c t i o n  w e l l s .  

GENERAL DESIGN CONSIDERATIONS 

S t a n d a r d  e n g i n e e r i n g  methods were 
used  t o  a r r i v e  a t  h e a t i n g  l o a d s  from t h e  
g a s  c o n s u m p t i o n  a n d  d e g r e e  day d a t a  and 
from t h e  r a t i n g s  of  t h e  mechanical  sys tems 
i n  p l a c e .  G e n e r a l l y  t h e  d e s i g n e r ' s  
o b j e c t i v e s  were t o  h e a t  t h e  b u i l d i n g s  
w i t h  g e o t h e r m a l  e n e r g y  f o r  o u t s i d e  
t e m p e r a t u r e s  a b o v e  20° F and t o  s u p p l y  
a d d i t i o n a l  heat from t h e  e x i s t i n g  b o i l e r s  
when t h e  a m b i e n t  tempera ture  d r o p s  below 
20° F. I n  t h i s  way b e t t e r  t h a n  90% of t h e  
h e a t  c a n  be s u p p l i e d  g e o t h e r m a l l y  and t h e  
g e o t h e r m a l  s y s t e m  o p e r a t e s  a t  f u l l  l o a d  
for a g r e a t e r  p e r i o d  of  time. 

E l e c t r i c i t y  cos t s  f o r  l i f t i n g  and 
r e i n j e c t i n g  t h e  g e o t h e r m a l  w a t e r s  are a 
major e x p e n s e s .  Our c a l c u l a t i o n s  w i l l  
assume t h a t  t h e  pump is s i t e d  about  150 
f e e t  b e l o w  t h e  p i e z o m e t r i c  s u r f a c e  to  
a l l o w  f o r  d r a w d o w n  . W e  w i l l  a l so  make 
a l l o w a n c e s  f o r  a r e i n j e c t i o n  p l a n t .  The 
d e s i g n  should  be such  t h a t  t h e  f low ra te  
c a n  b e  r e g u l a t e d .  One way would be t o  

t h r o t t l e  t h e  f l o w  w i t h  a v a l v e ,  a n o t h e r  
way w o u l d  b e  t o  i n s t a l l  v a r i a b l e  speed 
pumps and a t h i r d  way would be t o  u t i l i z e  
a s u r g e  t a n k  from which t h e  geothermnal  
f l u i d s  c a n  b e  d r a w n  o n  demand. Our 
c a l c u l a t i o n s  w i l l  b e  b a s e d  o n  t h e  l a s t  
opt i o n .  

COSTS 

T h e  w e l l  c o s t s  were p a r t i c u h r l y  
d i f f i c u l t  t o  p i n  down.  F o r  s c e n a r i o s  
r e q u i r i n g  f low ra tes  of 150 gpm w e  used  
$ 3 2 1 , 6 0 0  f o r  t h e  p r o d u c t i o n  w e l l  and 
$ 1 4 3 , 0 0 0  f o r  t h e  r e i n j e c t i o n  w e l l  (P. 
R o b e r t s ,  1982) w i t h  an a d d i t i o n a l  10% f o r  
d e s i g n  a n d  o t h e r  c o n s i d e r a t i o n s .  For t h e  
C o l l e g e  w e  used a s l i g h t l y  smaller f i g u r e ,  
$ 2 6 9 , 0 0 0 ,  f o r  t h e  p r o d u c t i o n  w e l l .  W e  
used  $400/hp (EG&G, 1981) t o  compute t h e  
price o f  pumps. The computed pump prices 
compare w e l l  w i t h  t h e  a c t u a l  p r i c e s .  
Main ta inance  expenses  were t a k e n  as 3% o f  
c a p i t a l  costs e x c l u d i n g  r e t r o f i t  costs. 

R e s u l t s  

T a b l e  1 (see next  page)  summarizes 
t h e  r e l e v a n t  parameters f o r  t h e  v a r i o u s  
s i t u a t i o n s .  T h e r e  h a s  b e e n  some 
c o n t r o v e r s y  about  t h e  s i t i n g  of t h e  pump. 
Some p e r s o n s  b e l i e v e  t h a t  t h e  pump h a s  t o  
g o  n e a r  t h e  bottom o f  t h e  w e l l .  Because 
w e  c o u l d  n o t  comple te ly  r e s o l v e  t h i s  i s s u e  
i t  was d e c i d e d  t o  show t h e  e f f ec t s  o f  
lower ing  t h e  pump f o r  System I. System IA 
assumes t h a t  t h e  pump is s i t e d  near  2000 
f t  and System IB is f o r  t h e  pump p l a c e d  a t  
5200 f t .  

The n e x t  t a b l e  (see Table  2)  d i s p l a y s  
t h e  payback periods. Column 2 lists t h e  
payback p e r i o d s  i n  terms o f  c u r r e n t  e n e r g y  
prices. There is a wide range  o f  payback 
p e r i o d s ,  and if one assumed t h a t  t h e  price 
o f  g a s  were to  remain c o n s t a n t  t h e n  o n l y  
System I would be deemed a t t r a c t i v e .  I f ,  
however,  one  were to p o s t u l a t e  r i s i n g  g a s  
p r i c e s  t h e n  some of t h e  o t h e r  s c e n a r i o s  
would a lso be acceptable. 

ECONOMIC PROJECTIONS 

T h e  U.S. D e p a r t m e n t  of Energy h a s  
b e e n  m a k i n g  p r o j e c t i o n s  of f u e l  prices 
w h i c h  a r e  p u b l i s h e d  i n  i t s '  report  to 
C o n g r e s s  (U.S. D e p a r t m e n t  o f  Energy, 
1 9 8 1 )  . I n  o u r  c a l c u l a t i o n s  w e  used t h e  
f i g u r e s  r e p r e s e n t i n g  t h e  midrange o f  t h o s e  
p r  o j ec t i o n s  f o r  comme r c i a 1 c o n s u m e r s  . 
For c u r r e n t  r a t e s  w e  u s e d  l o c a l 1 9 8 2  

prices. The p r o j e c t e d  p r i c e s  are i n  1980 
D o l l a r s  a n d  make n o  a l l o w a n c e  f o r  
i n f l a t i o n .  These numbers are d i s p l a y e d  i n  
T a b l e  3. 
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Flow 
Sys tem Rate 

9Pm 

Table 1. Summary of system parameters. 

Prod. E l e c t r i c i t y  Usage Oper. Exp 
& Inj. Well Other Total  E l e c t r .  Maitk.  I rs sa[ings I Total  

Head 
Pumps 

ft hP 105kWh 1982 103 $ io CCF 103 $ 103 

Col 1 ege 100 2150 70 3.77 --- 3.77 13.9 15.3 185.5 53.8 697.1 
30 
100 

Schools 200 2300 160 8.66 .56 9.21 32.0 18.8 184 82.4 1,080 
70 

-2m 

60 
190 

Hospital  170 2200 130 7.16 .1G 7.32 27.1 17.3 373.6 108 1,238 

Sys tem- I A  150 2250 115 6.22 .143 6.36 23.5 20.3 472.5 137 1,285 
50 
165 

System- I B  150 5500 275 12.2 .143 12.4 45.9 22.7 472.5 137 1,342 
50 (System I B  i s  the  same as System I A  except t h a t  the  pump i s  a t  
325 5200 f t . )  

System I1 235 2500 200 10.6 1.32 22.4 82.9 48.8 845 244.5 2,894- 
80 
280 

x 2  
470 

x 2  x 2 
560 21.2 
-- 

Table 2. Payback periods in years. 

System Current Projected Projected 
Energy Energy Energy 
Prices Prices Prices & 

5% Infl. 

College 28 9 8 

Schools 32 11 9 

Hospitals 19 8 7 

Using these prices we arrive at 
paybacks summarized in Table 2, column 3 
and if one assumes an annual inflation 
rate of 5% one arrives at the figures in 
column 4. 

We choose to include a more complete 
analysis for System I because it has the 
shortest payback period. Figure 2 shows 
the payback using projected energy prices 
and the effects of various interest rates; 
in Figure 3 an inflation rate of 5% was 
included. Figure 4 shows the effect of 
lowering the pump to 5200 ft and also the 
effect of decreasing electricity costs by 
30’%. 
CONCLUSIONS 

System IA 9 6 5.5 

System IB 10 - 
Our main concerns are: 

System I1 26 9 8 

Table 3. Energy prices. 

Nat. Gas. $/CCF 0.29 0.519 0.726 0.857 

Electr. $/kWh .037 .OS91 -0609 -0635 

1. The uncertainties in the 
placement of the pump. 

2. Problems associated with the 
reinjection of the fluids. 

3. Possible difficulties in reach- 

4. Corrosion and precipitation of 

flow rates greater than 150 gpm. 

solids because of the chemistry 
of the geothermal fluids. 

4 4 7  
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A-0% Interest 
B-6% Interest 
C-10% Interest 
D-13.5% Interest 

\ \ \ 
\ 

T h e s e  problems are commonly 
encountered in geothermal projects and 
they can be circumvented. One certainly 
should avoid exposure of the geothermal 
f l u i d s  to the atmosphere. However, 
relyable information on the extent of 
these difficulties will not be available 
till the first well is drilled and tested. 

Figure 2. Indebtedness as a function of 
time with projected energy 
prices, zero inflation and 
showing the effects of various 
interest rates. 

Amer i .can Geothermal Energy Associates 
(AGEA), 1981, Preliminary 

Figure 3. Indebtedness as a function of 
time with projected energy 
prices , 5% inflation and 
various interest rates. 

8 A- 30% Decrease 
8 B-Normal Consumption 

C-Pump Sited at 5200 f t .  !? 
3 

iii a 

\ 

YEflR 
3 5 , -  

Figure 4. Indebtedness as a function of 
time showing the effects of 
varying electricity consump- 
t ion . 

To minimize the risks we recommend 
that the pilot project be a system with a 
short payback period and one which is 
relatively insensitive to variations in 
electricity costs. System I would be the 
best option. 

System I also has the virtue of being 
relatively simple from a n  engineering 
viewpoint. Because the heating system of 
the College is designed to operate at an 
a v e r a g e  t e m p e r a t u r e  of l 6 0 O ~  the 
retrofitting there is minimal if one uses 
the 180° F water to heat the College 
first. The water leaving that complex 
will still be above 140°F which is warm 
enough to heat a considerable portion of 
the hospital . 
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