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P r e f a c e  

T h i s  is  one i n  a series of r e p o r t s  on t e c h n i c a l  
a s s i s t a n c e  i n  t h e  u t i l i z a t i o n  of geothermal  energy .  The scope 
of t e c h n i c a l  a s s i s t a n c e  i s  l i m i t e d  t o  b a s i c  t e c h n i c a l  and 
economic f e a s i b i l i t y  and t o  a s s i s t  t h o s e  i n t e r e s t e d  i n  d e c i d i n g  
whether d e t a i l e d  e n g i n e e r i n g  is  warran ted  now or i n  t h e  f u t u r e .  
T h i s  e f f o r t  is suppor ted  by t h e  U.S. Department of Ene rgy ' s  
D i v i s i o n  of Geothermal Energy, D r .  David B. Lombard, Program 
Manager. The L a b o r a t o r y ' s  a s s i s t a n c e  i s  l i m i t e d  t o  t h e  E a s t e r n  
United S t a t e s .  

The a n a l y s i s  documented i n  t h i s  r e p o r t  was i n i t i a t e d  
a t  t h e  r e q u e s t  of Mr. Fred G. Livingood from t h e  Board of Educat ion  
of Wicomico County i n  concurrence w i t h  M r .  Edward P. P h i l l i p s ,  
consul tant /Maryland C o a s t a l  Zone Coordina tor ;  and M r .  John H. S p r i n k l e  
of Malone and W i l l i a m s ,  A r c h i t e c t s ,  S a l i s b u r y ,  Maryland. Other 
t e c h n i c a l  a s s i s t a n c e  r e p o r t s  a r e  a s  fo l lows :  

1. Geothermal Space Heat ing  - C r i s f i e l d  High School ,  
APL/JHU Techn ica l  A s s i s t a n c e  Report  No. 1. 

2.  Geothermal Space Heat ing  - Maricul ture  I n d u s t r y  
on t h e  E a s t e r n  Shore of Maryland, APL/JHU 
Techn ica l  A s s i s t a n c e  Report  No. 2 .  

3. Geothermal Space Heat ing  - Columbia LNG Corpora t ion ,  
APL/JHU Techn ica l  A s s i s t a n c e  Report  No. 3. 
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I .  I n t r o d u c t i o n .  

The o b j e c t i v e  of t h i s  t e c h n i c a l  e v a l u a t i o n  is  t o  
de te rmine  whether  geothermal  energy ob ta ined  from a w e l l  
could  be used t o  space  h e a t  t h e  new schoo l  b u i l d i n g  be ing  
c o n s t r u c t e d  a s  w e l l  a s  t h e  e x i s t i n g  e lementary  wing  of t h e  
P i  t t s v i  l l e  , Mary l and  Middle/E lemen t a r  y Schoo 1. 

The s tudy  was done i n  two p a r t s ,  p l u s  a n  
addendum. The first p a r t  (Case I )  d e a l s  w i t h  space  h e a t i n g  
t h e  new s c h o o l  b u i l d i n g  only: t h e  second p a r t  (Case 11) 
p e r t a i n s  t o  space  h e a t i n g  t h e  new schoo l  b u i l d i n g  t o g e t h e r  
w i t h  t h e  e x i s t i n g  e lementary  schoo l  wing. The addendum was 
added when new w e l l  and p roduc t ion  pump c o s t s  were o b t a i n e d .  
APL r e p o r t s  QM-80-055 and QM-80-055A have been i n c o r p o r a t e d  i n t o  
t h i s  r e p o r t .  

D i  s c u s s i  on : 

T h e  P i t t s v i l l e  School (F ig .  X) i s  being r enova ted  by Malone 
and Wil l iams A r c h i t e c t s  who a r e  l o c a t e d  i n  S a l i s b u r y ,  Maryland. 
The r e n o v a t i o n s  i n c l u d e  r e p l a c i n g  t h e  o r i g i n a l  o l d  b r i c k  schoo l  
b u i l d i n g  w i t h  a new w e l l - i n s u l a t e d  b u i l d i n g  t h a t  w i l l  c o n t a i n  
a d m i n i s t r a t i v e  o f f i c e s ,  c lass rooms,  combinat ion lunchroom/ 
aud i to r ium,  and a media c e n t e r .  T h i s  b u i l d i n g  w i l l  be h o t  water 
hea ted  and w i l l  house two 600 thousand BTU/hr o i l  h o t  water b o i l e r s .  
These  b o i l e r s  w i l l  a l s o  heat t h e  e x i s t i n g  home economics and shop 
a r e a s .  Attached t o  t h e  new b u i l d i n g  i s  t h e  s c h o o l ' s  e lementary  
classroom wing. T h i s  wing i s  poor ly  i n s u l a t e d  and heated w i t h  a 
945 thousand BTU/hr o i l  h o t  w a t e r  b o i l e r .  The b a s i c  p l a n s  
c a l l  f o r  no a l t e r a t i o n s  t o  t h i s  wing. There a r e ,  however, proposed 
c o n s t r u c t i o n  a l t e r n a t i v e s  f o r  t h i s  o l d  wing t h a t  would g r e a t l y  reduce  
i ts  heating oil consumption. 

The new c o n s t r u c t i o n  f o r  t h e  schoo l  w i l l  be approximate ly  
35,500 sq. f t .  The unchanged e l emen ta ry  wing  is 13,000 s q .  f t . ,  
g i v i n g  a t o t a l  of 48,500 sq. f t .  f o r  both wings. 

To s p a c e  heat t h e  s c h o o l  w i t h  geothermal  (GT) h o t  wa te r ,  
obv ious ly  something must be known about  t h e  resource. A r e q u e s t  
for  a n  e s t i m a t i o n  of s u b s u r f a c e  t empera tu res  beneath P i t t s v i l l e ,  
w a s  s e n t  t o  VPI&SU i n  Blacksburg, VA. T h e i r  r e p l y  (Ref. 1) 
i n d i c a t e d  a n  expec ted  tempera ture  of 127OF a t  approximate ly  5,000 f t .  
depth .  
e x p l o i t a b l e  a q u i f e r  a t  t h i s  5000 f t .  d e p t h ,  The basement a t  
P i t t s v i l l e  i s  expec ted  t o  be a t  5800 f t ,  A look a t  s t r a t i g r a p h i c  
maps from s e v e r a l  nearby deep w e l l s  (Ref. 2) i n d i c a t e s  a p o s s i b l e  
area f o r  r e i n j e c t i o n  a t  3200 f t .  

MD 

Also e lec t r ic  l o g s  from t h e  Hammond w e l l  i n d i c a t e  a p o s s i b l e  
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Using t h e  aforementioned assumpt ions ,  a sou rce  tempera ture  
of 127'F a t  5000 f t .  i n  a n  adequate  a q u i f e r  having a t r a n s m i s s i b i l i t y  
of 0.5 c m 2  or g r e a t e r  (a  water q u a l i t y  s i m i l a r  t o  C r i s f i e l d ) ,  and 
be ing  a b l e  t o  r e i n j e c t  a t  approximately 3200 f t . ,  g i v e s  t h e  necessa ry  
in fo rma t ion  t o  do a f e a s i b i l i t y  des ign  s tudy  f o r  geothermal  space  
h e a t i n g  t h e  P i t t s v i l l e  School .  

cover t h e  new schoo l  c o n s t r u c t i o n  us ing  t h e  peak h e a t  l oad ing  
f u r n i s h e d  by E-B-L Eng inee r s ,  I n c . ,  who a r e  c o n t r a c t e d  by Malone 
and Wil l iams ( R e f .  3 ) .  Case 2 w i l l  add t h e  e lementary  wing 
t o  t h e  new schoo l  c o n s t r u c t i o n ,  u s i n g  t h e  ag reed  upon h e a t  
l oad ing  f o r  t h e  e lementary  wing between APL and Robert H.  
Stratemeyer  of E-B-L Eng inee r s  of 1 x lo6 Btu/iir (Ref. 4 ) .  The 
c a l c u l a t e d  h e a t  l oad ing  f o r  t h e  new c o n s t r u c t i o n  i s  1.0296 x lo6 
B t u / h r .  
i n s i d e  tempera ture .  

T h i s  s tudy  w i l l  be i n  two s e c t i o n s .  Case 1 w i l l  only 

Both heat l o a d i n g s  are  w i t h  a 10.F o u t s i d e  and a 70.F 

The fo l lowing  are  assumptions for both Cases  1 and 2 :  

1. The wel lhead tempera ture  i s  a minimum of 125*F, 

2. The a q u i f e r  a t  5000 f t .  h a s  a t r a n s m i s s i b i l i t y  

3 .  GT water  q u a l i t y  i s  s i m i l a r  t o  C r i s f i e l d  w e l l .  

(T) of 0.5 cmz/sec. or g r e a t e r .  

4 .  GT w e l l  and r e i n j e c t i o n  w e l l  o n - s i t e  w i t h  l i t t l e  or 
no p i p i n g  r u n .  

5.  GT w e l l  t o  d e l i v e r  70 GPM f o r  t h e  h e a t i n g  season  
of t h e  schoo l  year w i t h  a minimum drawdown f o r  Case 1, and 125 GPM f6r 
Case 2 .  

6.  The p roduc t ion  and r e i n j e c t i o n  w e l l  i s  des igned  u s i n g  
water w e l l  technology ( g r a v e l  packed wi th  s c r e e n )  wi th  a n  e f f e c t i v e  
d iameter  of 24 i n c h e s  for t h e  g r a v e l  pack. 

7. The p r i c e  of f u e l  o i l  #2 i s  $l.Oo/gal. 

8 .  The p r i c e  of money f o r  s choo l  c o n s t r u c t i o n  i s  7% 
u s i n g  munic ipa l  or s t a t e  bonds and 5% u s i n g  Farm Home Admin i s t r a t ion  
funding.  

9. The GT h e a t i n g  system i s  i n  p a r a l l e l  and i n t b g r a t e d  
w i t h  t h e  e x i s t i n g  b o i l e r s  and f a n  c o i l  u n i t s  (see F ig .  V ) .  

10. The tempera ture  where peaking beg ins  has been s e l e c t e d  
t o  be 30'F. The GT system should  hand le  100% of t h e  load  t o  t h i s  
p o i n t .  
from t h e  system and t h e  e x i s t i n g  b o i l e r s  w i l l  p i c k  up t h e  load .  
T h i s  r e s u l t s  i n  t h e  GT system hand l ing  a t  l eas t  87% of t h e  y e a r l y  
h e a t  load. Other  schemes could  be used where t h e  GT system w a s  
independent  and p a r a l l e l  t o  t h e  e x i s t i n g  b o i l e r / f a n  c o i l  u n i t s .  
would a l l o w  t h e  GT system t o  p i c k  up p a r t  of t h e  peaking l o a d  from 
t h e  boi lers  . 

A t  30'F o u t s i d e  tempera ture  t h e  GT system can be valved o f f  

Thig 
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Produc t ion  Well Geothermal Water Pump. 

By minimizing w e l l  drawdown by t h e  use  of a peaking 
system and t h e  very  r easonab le  s ize  of t h e  b u i l d i n g  be ing  
hea ted ,  i t  is  p o s s i b l e  t o  cons ide r  v e r t i c a l  s h a f t  t u r b i n e  pumps 
r a t h e r  than  submers ib le  down-hole pumps. The v e r t i c a l  pumps a re  
desirable  s i n c e  t h e  annua l  maintenance is  l i m i t e d  t o  i n s p e c t i o n  
o n l y ,  and h i s t o r i c a l l y  t h e i r  l i f e  expectancy i s  greater  t h a n  
down-hole sys tems by a t  l eas t  a n  o rde r  of magnitude. F i n a l l y ,  
v a r i a b l e  speed d r i v e s  of s e v e r a l  d e s i g n s  a re  commercially 
a v a i l a b l e  and they  a r e  very dependable and r e l i ab le .  T h e s e  
t y p e s  of water w e l l  pumps have been i n  great u s e  f o r  i r r i g a t i o n  
and are a p p l i c a b l e  a lmost  w i thou t  m o d i f i c a t i o n  f o r  geothermal  
waters  w i t h  t empera tu res  w e  expec t  i n  t h e  A t l a n t i c  C o a s t a l  P l a i n .  

a t  approximate ly  600 f t .  i n  t h e  p roduc t ion  w e l l  and  pumping 70 
gal /min.  maximum w i t h  head s u f f i c i e n t  t o  l i f t  water and c i r c u l a t e  
i t  through heat exchanger ,  namely, 650 f t . ,  i s  est imated 
t o  c o s t  $22K. The l i f e  expectancy of t h e  pump motor and  v a r i a b l e  
speed d r i v e  i s  estimated t o  be i n  e x c e s s  of 20 y e a r s .  I n  Klamath 
F a l l s ,  Oregon, and i n  I c e l a n d ,  where t h e s e  t y p e s  of pump-motor 
v a r i a b l e  speed d r i v e s  are  used ,  a n  annua l  i n s p e c t i o n  should  look f o r  
b e a r i n g  or o t h e r  wear. T h i s  i n s p e c t i o n  i s  e s t i m a t e d  t o  c o s t  
4;2.5K/year. 

The c o s t  of a v e r t i c a l  s h a f t  t u r b i n e  pump l o c a t e d  

The Geothermal P l a t e  Heat Exchangers ( R e f s .  6 and 7, 
and F i g u r e s  V I ,  V I I ,  V I I I ,  and l x )  . 

The Alfa-Laval ,  Inc ,  Thermal D i v i s i o n  i n  Somerv i l l e ,  N J ,  
w a s  c o n t a c t e d  and asked  t o  s ize  and p r i c e  p l a t e  heat exchangers  
which would f i t  t h e  two P i t t s v i l l e  School cases. F i g u r e s  V I  and V I 1  
show t h e  s ize  and s p e c i f i c a t i o n s  f o r  Case 1 (new s c h o o l  c o n s t r u c t i o n  
o n l y ) .  Figures VI11 and I X  show t h e  s ize  and s p e c i f i c a t i o n s  for 
Case 2 (new schoo l  c o n s t r u c t i o n  and t h e  e lementary  wing) .  

Conc lus ions  : 

Case 1 

Table  I shows t h e  c o s t  for  a geothermal  r e t r o f i t  
f o r  t h e  new s c h o o l  b u i l d i n g .  F i g u r e s  I and I1 show t h e  c a p i t a l  
r ecove ry  t i m e  vs.  t h e  o i l  p r i c e  e s c a l a t i o n  r a t e  i n  %, a l s o  
vs .  any i n i t i a l  g r a n t  f r a c t i o n  of t h e  c a p i t a l  c o s t  ( R e f .  5 ) .  
F igu re  I i s  c a l c u l a t e d  u s i n g  7% money w h i l e  F i g u r e  I1 is  w i t h  
5% money. 

Case 2 

Table  I1 shows t h e  c o s t  f o r  a geothermal  r e t r o f i t  f o r  
t h e  new s c h o o l  b u i l d i n g  and t h e  e lementary  wing. F i g u r e s  I11 and I V  
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a g a i n  show t h e  c a p i t a l  r ecove ry  t i m e s  a s  done w i t h  Case 1. 
The primary d i f f e r e n c e s  between Case 1 and 2 for  the  c a p i t a l  
r ecove ry  t i m e  are  because of t h e  need t o  use  more f u e l  o i l  
t o  heat t h e  e lementary wing. T h i s  poor ly  i n s u l a t e d  wing, a s  i t  
now s t a n d s ,  would r e q u i r e  a lmost  a s  much f u e l  o i l  f o r  h e a t i n g  
a s  t h e  new b u i l d i n g ,  The obvious conc lus ion  from t h i s  
should  be t o  i n s u l a t e  t h e  e lementary  wing. The s a v i n g s  i n  f u e l  
o i l  by doing t h i s  would be r ecove red  i n  less than  two y e a r s .  
The c u r v e s  f o r  both cases show t h a t  w i t h  t h e  a v a i l a b i l i t y  of 7 or 
5% money and p o s s i b l e  g r a n t s ,  t h e  unknown e s c a l a t i o n  o i l  p r i c e  
r a t e  (assuming i t  w i l l  be 10% or more per  yea r )  makes geothermal  
space  h e a t i n g  of t h e  P i t t s v i l l e  s choo l  complex a n  a t t r a c t i v e  energy 
a l t e r n a t i v e .  

I f  new h e a t  l oad ing  i s  e s t a b l i s h e d  f o r  t h e  e lementary  
wing, or o t h e r  changes are be ing  cons ide red ,  a new look can be 
taken  a t  geothermal  space hea t ing .  
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APL/JHU QM-80-079, " C o s t  of Wells 4 i n  t h e  A t l a n t i c  Coastal 
P l a i n , "  May 21, 1980. 

A r t e s i a n  W e l l  and Equipment Co.  L t r  t o  Roy von Briesen, 
" C o s t  E s t i m a t e  , Geothermal Well Pump A p p l i c a t i o n ,  '' 
f r o m  Ronald Pe te r son ,  A p r i l  25,  1980. 
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Table I (Case 1) 

~~~ ~ 

QM-80-101 

Cos t s  Geothermal R e t r o f i t  P i t t s v i l l e  School 
N e w  Cons t ruc t ion  Only 

1. C a p i t a l  Cost 

N e w  Wells - Screen and Graval Pack 

Product ion Well (5,200 f t )  
Re in jec t ion  W e l l  (3,200 f t )  
Tes t ing  and Logging 
Well House Pumps, E t c .  
Product ion Pump and Assoc. Equipment 

Geothermal P l a t e  Heat Exchanger 

Re-Sizing Hx and Pip ing  i n  School 

A r c h i t e c t s  and Engineering 

T o t a l  C a p i t a l  Cost 

2 .  Annual Operating Cost (M8cO) 

E l e c t r i c a l  Pumping Energy 

Product ion Pump Inspec t ion  and Maintenance 

Opera t iona l  Cost (Personnel ,  e t c . )  

3. Peaking System O i l  = 2,200 g a l l o n d y e a r  

4 .  Fue l  O i l  Displaced = 17,353 g a l l o n d y e a r  

1980-81 Savings @ $l.OO/gallon = $17,350 

= $170,000 
= 100,000 
= 19,000 
= 29,000 
= 28,000 

6,180 - - 

5,000 - - 

= 30,000 

= $387,180 

= $1,000 

= 3,000 

= 2,000 

$6,000 
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Page 2 of 
Attachment 2 t o  

i QM-80-055 

Table I1 (Case 2 )  1 
1 

1.  Capi ta l  Cost 

Geothermal P l a t e  Heat E x  

School 

Re-Sizing H x  a 
Elementary Wing 

A r  c h i  t ec t s 

E l e c t r i c a l  Pu 

= 35,000 

= 8 , 1 3 0  

5, =i 

4432,130 

= $ 3 , 0 0 0  

Production Pump I n s p e c t i  

3 .  

4 .  1 O i l  Displaced = 

0-81 Savings 03 $1. 



THE JOHNS HOPKINS UNIVERSITY u APPLIED PHYSICS LABORATORY 
LAUREL MARYLAND 

P 

R 

QM-80-101 

7 

Capital $387,000 a t  7% 
Annual maintenance and oper. $6K (1980) 
Fuel used 2208 gallons 
Fuel saved 17,353 gallons 
Annual payment from oil 
saved (1980) a t  $l.OO/gal = $17,353 

25 - 

0 
0 10 20 30 40 50 60 70 80 

Initial grant - fraction (%) 

Fig. I Pittsville School new construction capital recovery time. 

0 
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Capital $387,000 at  5% 
Annual maintenance and oper. $6K (1980) 
Fuel used 2208 gallons 
Fuel saved 17,353 gallons 
Annual payment from oil 
saved (1980) a t  $l.OO/gal. = $17,353 

Oil price 
escalation rate (%) 

\ 

I I I I I I I 
0 10 20 30 40 50 60 70 80 

Initial grant - fraction (%) 

Fig. I I Pittsville School new construction capital recovery time. 

3 
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1 I 1 1 I ,  I 1 I 
Capital $432,130 a t  7% 
Annual maintenance and oper. $6K 

Fuel used 4,144 gallons 
Fuel saved 32,559 gallons 
Annual payment from oil 
saved (1980) a t  $l.OO/gal = $32,55 

( 1980) 
Oil price 

escalation rate (%) 

I I I I I I I I 
I 10 20 30 40' 50 60 70 80 90 

Initial grant - fraction (%I 
Fig. I I I Pittsville School new construction and elementary wing. Capital 

recovery time. 

3 
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30 I 1 1 I I 
Capital $432,130 at  5% 
Annual maintenance and oper. $6K (1980) 
Fuel used 4,144 gallons 
Fuel saved 32,559 gallons 
Annual payment from oil 
saved (1980) a t  $l.OO/gal. = $32, 599 25 - 

20 - 
I 
L > 
I 

01 I I I I I I I I 
0 10 20 30 40 50 60 70 80 90 

Initial grant - fraction (%) 

Fig. IV Pittsville School new construction and elementary wing. Capital 
recovery time. 

, 
I 
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Pittsville School elementary wing Pittsville School new school building 

Motor 
va r ia b I( 

speed 
drive 

1 Pumps 

Production 
we1 I 

Screen and 
gravel pack 

Geothermal 

3200 ft I 
I 5000 ft . 

I 

Fig. V Schematic geothermal heating system. 
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17 QM-80-101 

S ince  QM-80-055 w a s  pub l i shed  (March 17, 1980), new 
c o s t  estimates f o r  deep water w e l l  d r i l l i n g  and v e r t i c a l  t u r b i n e  
pumps have been submi t ted  t o  APL. 

A .  C. S c h u l t e s  and Sons, Inc .  i s  a water w e l l  d r i l l i n g  
company and  is  among t h e  f e w  dr i l lers  t h a t  have deep water w e l l  
e x p e r i e n c e  i n  t h e  A t l a n t i c  C o a s t a l  P l a i n .  S c h u l t e s  and Sons 
submi t t ed  t o  APL d r i l l i n g  estimates t h a t  covered  a r ange  of 
c o n d i t i o n s  for d r i l l i n g  geothermal  p roduc t ion  w e l l s  i n t o  t h e  
Potomac fo rma t ion  i n  t h e  Delmarva area ( R e f .  8) .  These 
c o n d i t i o n s  i n c l u d e  v a r i o u s  d e p t h s ,  w e l l  s izes ,  and development 
t e c h n i q u e s ,  No w e l l  e x a c t l y  f i t  t h e  P i t t s v i l l e  School case, b u t  
e x t r a p o l a t i n g  t h e  p roduc t ion  w e l l  would c o s t  approximate ly  
$400,000, and t h e  r e i n j d c t i o n  w e l l  would c o s t  approximate ly  
$200,000. These cos ts  may be somewhat h i g h ,  b u t  t o  get a more 
a c c u r a t e  estimate, t h e  dri l ler  must have been g i v e n  s e r i o u s  
i n t e n t  by t h e  u s e r  f o r  a s i t e - s p e c i f i c  w e l l .  

A v e r t i c a l  t u r b i n e  pump for  u s e  i n  a p roduc t ion  w e l l  
a t  P i t t s v i l l e  h a s  been sized and p r i c e d .  T h i s  i s  a Peerless 
Pump, model 6MA, and is handled  by A r t e s i a n  W e l l  and Equipment 
Company, I n c . ,  Rochelle Park, New Jersey. The pump c o s t  would 
be from approximate ly  $50,000 t o  $65,000, depending upon t h e  
r e q u i r e d  w i t h d r a w a l  r a t e  i n  GPM, t h e  r e q u i r e d  head needed, and 
t h e  t y p e  of speed  c o n t r o l l e r  used  w i t h  t h e  pump ( R e f .  9 ) .  

These new estimates of w e l l  and pump c o s t  have been 
i n c o r p o r a t e d  i n t o  new c u r v e s  (F igs .  X I  - XVI, Tables  I11 and I V )  
showing t h e  c a p i t a l  r ecove ry  t i m e  VS. o i l  e s c a l a t i o n  r a t e s  w i t h  
loan i n t e r e s t  rates of 5 ,  7 ,  and 10%. The curves show a less 
f a v o r a b l e  s i t u a t i o n  t h a n  exis ted w i t h  t h e  first c u r v e s  g e n e r a t e d  
i n  QM-80-055. T h i s  e s s e n t i a l l y  i s  due t o  the h i g h e r  d r i l l i n g  cost  
estimates, S e r i o u s  i n t e n t  t o  purchase ,  d r i l l ,  and i n s t a l l  
geothermal w e l l s  a t  P i t t s v i l l e  would probably  pu t  t h e  c a p i t a l  
r e c o v e r y  c u r v e s  between the  o ld  and new c u r v e s  f o r  t h e  same 
b u i l d i n g  and l o a n  c o n d i t i o n s ;  e.g., between t h e  c u r v e s  i n  Fig.  I1 
and F i g .  XIV. 
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Addendum Table I11 (Case 1)  I 
Costs  Geothermal R e t r o f i t  P i t t s v i l l e  School 

N e w  Construct ion Only 

1. C a p i t a l  Cost 

N e w  Wells - Screen and Gravel Pack 

Product ion W e l l  (5,200 f t )  
R e i n j e c t i o n  Well (3,200 f t )  
(Tes t ing  and Logging i n  W e l l  Cost)  
Product ion Well Pump 

w i t h  Speed Cont ro l le r  
W e l l  House, Pumps, E t c .  

Geothermal P l a t e  Heat Exchanger 

Re-Sizing H x  and Pip ing  i n  School 

Architects and Engineering 

T o t a l  C a p i t a l  Cost 

2. Annual Operating Cost (M&O) 

E l e c t r i c a l  Pumping Energy 

Product ion Pump Inspec t ion  and Maintenance 

Operat ional  C o s t  (Personnel ,  e t c . )  

3, Peaking System O i l  = 2,200 g a l l o n d y e a r  

Fuel O i l  Displaced = 17,353 g a l l o n d y e a r  

1980-81 Savings 0 $l.OO/gallon = $17,353 

= $400,000 

= 50,000 

= 200,000 

= 35,000 

= 6,180 

= 5,000 

= 35,000 

= +731,180 

= $1,000 

= 3,000 

= 2,000 

$6,000 
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Addendum Table I V  (Case 2) 

Cos ts  Geothermal R e t r o f i t  P i t t s v i l l e  School 
New Cons t ruc t ion  and Elementary Wing 

1. C a p i t a l  C o s t  

N e w  Wells - Screen and Gravel Pack 

P r o j e c t i o n  Well (5,200 f t )  
Re in jec t ion  Well (3,200 f t )  
(Test ing and Logging i n  W e l l  C o s t )  
Product ion Well Pump 

Well House Pumps, E t c ,  
wi th  Speed Con t ro l l e r  

Geothermal P l a t e  Heat Exchanger 

Re-Sizing Hx and Piping i n  Main 
School 

' Re-Sizing H x  and Pip ing  i n  Elementary 
Wing 

A r c h i t e c t s  and Engineering 

2. Annual Operating Cost (M&O) 

Elec t r ica l  Pumping Energy 

Product ion Pump Inspec t ion  and Maintenance 

Opera t iona l  C o s t  (Personnel ,  e t c . )  

3. Peaking System 811 - 4,144 g a l l o n d y e a r  

4 .  Fuel O i l  Displaced = 32,560 g a l l o n d y e a r  

1980-81 Savings d $l.OO/gallon = $32,560 

= $400,000 
= 200,000 

65,000 

= 45,000 

8 130 

5,000 

- - 

- - 

= 10,000 

= 40.000 

$773,130 

= $3,000 

= 3,000 

2,000 - - 

$8,000 
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escalation rate (%) 

- 

Capital $773,130 a t  5% 
Annual maintenance and oper. $6K (1980) 
Fuel used 4,144 gallons 
Fuel saved 32,559 gallons 
Annual payment from oil 
saved (1980) a t  $l.OO/gal. = $32,599 

I I I I I I I I 
0 10 20 30 40 50 60 70 80 90 

Initial grant - fraction (%) 

Fig. XI (Case 2) Pittsville School new construction and elementary wing. 
Capital recovery time. 
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Capital $773,130 at  7% 
Annual maintenance and oper. S6K (1980) 
Fuel used 4,144 gallons 
Fuel saved 32,559 gallons 
Annual payment from oil 
saved (1980) at  $l.OO/gal. = $32,599 

QM-80-101 

0 I I I I I I I I - 
0 10 ‘20 30 40 50 60 70 80 90 

Initial grant - fraction (%I 

Fig. XI1 (Case 2) Pittsville School new construction and elementary wing. 
Capital recovery time. 
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Capital $773,130 a t  10% 
Annual maintenance and oper. $6K (1980) 
Fuel used 4,144 gallons 
Fuel saved 32,559 gallons 
Annual payment from oil 
saved (1980) a t  $l.OO/gal. = $32,599 

30 I 1 I I 
Oil price 

escalation rate (%) 

1 

0 

I QM-80-101 

I 
I 
I 
i 
I 
I 
I 
I 
I 
1 

0 
0 10 20 30 40 50 60 70 80 90 

Initial grant - fraction (?6) 

Fig. XI I I (Case 2) Pittsville School new construction and elementary wing. 
Capital recovery time. 
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Capital $731,180 a t  5% 
Annual maintenance and oper. $6K (1980) 
Fuel used 2208 gallons 
Fuel saved 17,353 gallons 
Annual payment from oil 
saved (1980) a t  $l.OO/gal. = $17,353 

QM-80-101 

I I 1 I I I I I 
0 10 20 30 40 50 60 70 . 80 90 

Initial grant - fraction (%) 

Fig. XIV (Case 1) Pittsville School new construction capital recovery time. 
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Capital $731,180 at  7% 
Annual maintenance and oper. $6K (1980) 
Fuel used 2208 &gallons 
Fuel saved 17,353 gallons 
Annual payment from oil 
saved (1980) at  $l.OO/gal. = $17,353 
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