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ABSTRACT 

A major industry i n  Lewes, Delaware could 
r e a l i z e  s u b s t a n t i a l  cost-savings through the sub- 
s t i t u t i o n  of geothermal energy f o r  f o s s i l  fuel .  
A group of pr iva te  investors  has agreed t o  assume 
the respons ib i l i ty  for  e x t r a c t i n g  and d i s t r i b u t i n g  
the energy obtained from a proposed geothermal wel l  
i n  Lewes, Delaware. The U.S. Department of Energy 
i s  providing f inanc ia l  ass i s tance  f o r  confirmation 
of t h i s  low temperature hydrothermal resource on 
the Delmarva Peninsula. The economic cost  of 
supplying geothermal energy t o  the end-user based 
on e x i s t i n g  preliminary da ta  i s  presented using 
the GRITS computer simulation model. A b r ie f  sen- 
s i t i v i t y  ana lys i s  gauges the impact of various 
a l t e r n a t e  resource and f i n a n c i a l  conditions repre- 
sen t ing  cur ren t  areas  of uncertainty.  

INTRODUCTION 

A major producer of pharmaceutical antacids 
i s  located i n  the coas ta l  town of  Lewes, Delaware. 
A geothermal wel l  located a s h o r t  dis tance from 
the p lan t  may be able  t o  provide energy for  process 
heat ,  space heat ,  and s a n i t a r y  hot  water. Substi-  
tu t ing  geothermal energy for  f o s s i l  f u e l  could 
c o n s t i t u t e  a subs tan t ia l  cost-savings for  the firm. 

Ut i l i t i es  and investors  h e s i t a t e  t o  become 
involved i n  resource development and energy d i s t r i -  
bution pro jec ts  i n  cases where the resource i s  un- 
proven, The geothermal resource i n  Southern Dcla- 
ware has not  been tes ted extensively.  In  order t o  
ga ther  de ta i led  information about the geothermal 
aqui fe rs  and o ther  geologic/hydrologic data about 
the Delmarva Peninsula, the U.S. Department of 
Energy i s  i n  the process of f i n a l i z i n g  a coopera- 
t i v e  agreement with the Delaware Energy Office t o  
extend f i n a n c i a l  ass is tance i n  the d r i l l i n g ,  t e s t -  
ing,  and completion of a proposed wel l  i n  Lewes, 
Delaware.:! This monetary ass i s tance  serves t o  

encourage the involvement of u t i l i t i e s  and pr iva te  
inves tors  i n  geothermal energy ex t rac t ion  and d i s -  
t r i b u t i o n  pro jec ts  by reducing the r i s k s  t h a t  they 
would face.  

The circumstances surrounding the Lewes , De 1- 
aware d r i l l i n g  pro jec t  are  complex. This is the  
f i r s t  attempt t o  u t i l i z e  a deep explorat ion w e l l  
f o r  commercial production of geothermal energy i n  
the East Coast. For t h i s  reason I f i r s t  present 
an explanation of the pr incipals  involved. D i s -  
cussion of the  economic model employed i n  t h i s  
ana lys i s  and the s e n s i t i v i t y  analysis  t h a t  was 
conducted follows. The l a s t  secti0.r presents con- 
c lusions t h a t  can be drawn from the cur ren t ly  
ava i lab le  data  . 

THE PRINCIPALS 

Economic f e a s i b i l i t y  of d i r e c t  appl icat ions 
of  geothermal energy i s  highly dependent upon 
annual load f a c t o r ,  temperature requirements of 
t h e  user ,  and the t ransport  dis tance between the 
user  and geothermal wel l  s i t e .  The Barcroft  Com- 
pany p lan t  i n  Lewes, Delaware i s  p a r t i c u l a r l y  wel l  
su i ted  t o  u t i l i z e  the energy from the low-tempera- 
t u r e  Delmarva Peninsula geothermal resource i n  t h a t  
the  f i rm conducts continuous processing during 11 
months of the year,  has r e l a t i v e l y  low tempera- 
t u r e  heat requirements, and has a physical  p lan t  t h a t  is 
s i t u a t e d  i n  c l o s e  proximity t o  the proposed we l l  
s i t e .  

- 

Barcroft ,  a subsidiary of the William H. Rorer 
Corporation, processes pharmaceutical antacids .  
Geothermal energy could provide process heating 
f o r  magnesium hydroxide and aluminum hydroxide g e l  
production, s a n i t a r y  water heating, and space 
heat ing f o r  the warehouse. Barcroft w i l l  negot ia te  
with the p r i v a t e  investors  f o r  purchase of the geo- 
thermal energy once the reservoir  c h a r a c t e r i s t i c s ,  
the product ivi ty  of the well ,  and the water compo- 
s i t i o n  have been determined by extensive wel l  

1 I wish t o  thank Peter  Kro11, J u l i a  Cohan, and 
Allen Goodman f o r  t h e i r  invaluable  ass is tance i n  
preparing t h i s  paper. 
f o r  any er rors .  

Per t inent  information was gathered during personal 
communications wi th  representat ives  of the Bar- 
c r o f t  Company, Delaware Energy Office, Ebasco 
Services Inc. ,  and the group of pr iva te  investors ,  
a l l  of whose he lp  is grea t ly  appreciated. 

I r e t a i n  so le  respons ib i l i ty  

Due t o  the  sens i t ive  nature  of  on-going negoti- 
a t i o n s ,  de ta i led  organizat ional  task  descr ipt ions 
and names of pr inc ipa ls  have been withheld. 
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tes t ing .  Negotiations a l s o  include leasing the 
Barcroft  land t h a t  w i l l  se rve  as  the wel l  s i t e .  

A group of pr iva te  inves tors  w i l l  coordinate 
the end-use of the energy by Barcroft  and the con- 
f i rmat ion d r i l l i n g  pro jec t  sponsored by the U.S. 
Department of Energy (DOE). The pr iva te  investors  
were approached t o  develop t h e  resource and t o  
purvey the energy a f t e r  the l o c a l  u t i l i t i e s  
declined to  commit themselves. Both the m u -  
i c i p a l  u t i l i t y  and the  investor-owned regulated 
u t i l i t y  c i t e d  financing problems, the pro jec t ' s  
r e l a t i v e l y  high r i s k  and an unwillingness t o  
devote the necessary managerial e f f o r t .  The pr i -  
va te  investors  have p r i o r  experience i n  resource 
development and r a i s i n g  c a p i t a l  f o r  r isky enter-  
p r i ses .  For t h i s  pro jec t ,  they w i l l  a l s o  be sup- 
plying services  t o  the user  and demanding services  
from the confirmation wel l  d r i l l i n g  personnel. 

I n  support of i t s  goal t o  promote geothermal 
commercialization, DOE is  providing monetary ass i s -  
tance of  up t o  $800,000, t o  a id  i n  the d r i l l i n g ,  
t e s t i n g ,  and completion of t h e  Lewes, Delaware 
wel l .  This support i s  designed t o  reduce the 
d r i l l i n g  and explorat ion r i s k s  inherent i n  resource 
con f irma ti on. 

The main s t a t e  agencies involved i n  the d r i l l -  
ing pro jec t  a re  the Delaware Energy Office and the 
Delaware Geologic Survey. 
Office i s  the s t a t e  organizat ion which has cont r i -  
buted inkind serv ices  t o  loca te  the well ,  t o  
choose a purveyor of the resource,  and t o  adminis- 
t e r  the DOE funds. The Delaware Geologic Survey 
has provided the d r i l l i n g  p r o j e c t  personnel with 
the most current  geologic information per ta in ing  
t o  southern Delaware and w i l l  c o l l e c t  and i n t e r -  
pret all drilling samples for the state. The 
need f o r  d i r e c t  subsurface geologic information 
f o r  southern Delaware w i l l  be s a t i s f i e d  by the 
data  from the Lewes wel l  (Ref. 2).  

The Delaware Energy 

ECONOMIC MODELING OF THE PROJECT 

The GRITS (Geothermal Resource In te rac t ive  
Temporal Simulation) computer simulation model 
(Ref. 3) provides preliminary economic evaluation 
of d i s t r i c t  heat ing and i n d u s t r i a l  appl icat ion 
pro jec ts .  The model ca lcu lg tes  annual revenue 
and c o s t  streams throughout the l i f e  of the pro- 
j e c t  t o  determine the del ivered c o s t  of geothermal 
energy. The two main economic accounting measures 
used t o  evaluate the pro jec t  a re  the discounted 
average c o s t  (DAC) and n e t  present  value of reve- 
nues l e s s  cos ts  (NPV). The model was formulated 
t o  allow maxiumum f l e x i b i l i t y  on the p a r t  of the 
user i n  t a i l o r i n g  the  resource,  demand, and finan- 
c i a l  conditions t o  f i t  p rec ise ly  the pro jec t  under 
consideration. The temporal simulation character  
of the  model allows the e f f e c t s  of changes through 
time of many of the parameters t o  be captured i n  
the ana lys i s .  

Evaluating the c o s t  of de l iver ing  geothermal 
energy t o  the Barcrof t  company using GRITS e n t a i l s  
spec i f ica t ion  of p l a n t  annual u t i l i z a t i o n  f a c t o r  
(a percentage of the t o t a l  number of hours i n  a 
year) and transmission d is tance  from the w e l l  s i te 

t o  the hea t  exchanger. 
heat  exchanger cos t  estimates a r e  specif ied along 
wi th  r e s e r v o i r  and f inanc ia l  c h a r a c t e r i s t i c s .  The 
values se lec ted  f o r  t h i s  basecase scenario a r e  
l i s t e d  i n  Tables 1 and 2. 

Well c o s t  es t imates  and 

Table 1. Basecase Values f o r  Resource Conditions 

Production Well Depth 5000 f t  
Reinject ion Well Depth 3000 f t  
Wellhead Temperature 121 BF 

85 OF Reinject ion Temperature 
Flow 250 gpm 
I n i t i a l  D r a w d m  (pct.  of we l l  depth) 14.89 % 

Last Year's Drawdown 25.60 % 
Transmission Pipe Distance. .019 m i  
Resource Assessment 

Dura t i o n  1 Y r  
c o s t  $50,000.00 

Table 2. Basecase Values f o r  Demand and Financial  
Conditions 

I n d u s t r i a l  U t i l i z a t i o n  Factor 100 % 
Projec t  Lifetime 10 y r s  
Interest Rate 10 "' 

I n f l a t i o n  Rate 9 %  
E l e c t r i c i t y  Cost 5.58 c/kwh 

Annual Change 5.00 % 
F o s s i l  Fuel Cost 7.OO/MMBtu 

Annual Change 4.00 % 

Wells and Pipel ines  30 y r s  

Heat Exchanger 10 y r s  

Discount Rate 4 /Q 

Capita 1 Equipment Life times 

Pumps 1 Y r  

Opera t i o n  and Maintenance (pct .  of c a p i t a l )  

S e l l i n g  Price (pct ,  of f o s s i l  f u e l  p r ice)  
1.5 % 

75 % 

The inves tors  are  responsible f o r  wel ls ,  pumps, 
transmission l i n e ,  and heat exchanger. Barcroft  
expects t o  i n s t a l l  a closed c i r c u l a t i n g  system 
running from the well  heat exchanger t o  the pro- 
cessing f a c i l i t y  heat exchangers; i n  t h i s  way the 
processing of pharmaceutical q u a l i t y  antacids  i s  
protected from contamination. 

The inves tors  current ly  assume t h a t  the water 
q u a l i t y  w i l l  resemble tha t  found a t  C r i s f i e l d ,  
Maryland necess i ta t ing  r e i n j e c t i o n  i n t o  a permeable 
sand aqui fe r ,  r a t h e r  than surface disposal .  Rein- 
j e c t i o n  would take place a t  3000 f e e t .  This pro- 
ject i s  viewed by the investors  a s  being of medium 
r i s k .  To r e f l e c t  t h i s ,  the discount  r a t e  was s e t  
equal  t o  4 per  cent.  The expected r a t e  of i n f l a -  
t i o n  during the next ten years  was s e t  equal t o  
9 per  cent.  
by long term bonds and taking i n t o  account r i s k  
f a c t o r s  f o r  debt  and equity holders  was placed a t  
10 per  cent.  
s h o r t  a s  compared with other  geothermal pro jec ts .  
However, the  resource i s  cur ren t ly  unproven. 
Another considerat ion i s  t h a t  reservoi r  deple t ion  
insurance premiums a r e  guaranteed f o r  a maximum 
of 7 years  of the project  l i f e  w i th  a renewal op- 
t ion .  

The r e a l  r a t e  of i n t e r e s t  a s  indicated 

The project  l i f e  of 10 years i s  
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On t he  bas i s  of t h i s  basecase scenario,  GRITS 
ca l cu la t e s  the cos t  of supplying geothermal energy 
t o  Barcroft  a s  $6.30 per mil l ion Btu (MMBtu) i n  
constant 1980 do l l a r s .  Net present  value of rev- 
enues l e s s  c o s t s  a t  the end of ten years  i s  equal  
t o  $56,000. Payback, when the cumulative savings 
from operat ing the geothermal system i n  l i e u  of 
burning f o s s i l  f u e l  surpasses the i n i t i a l  c a p i t a l  
cos t  of the system, i s  achieved i n  year  3. Cum- 
u l a t ive  n e t  revenues a re  posi t ive s t a r t i n g  i n  yea r  
4 .  Total  discounted operation c o s t s  saved by sub- 
s t i t u t i n g  geothermal energy f o r  f o s s i l  f u e l  i s  
$2,829,000. 

SENSITIVITY ANALYSIS 

A s e n s i t i v i t y  analysis  was performed t o  check 
the assumptions about r i s k s  borne by the inves to r s  
due t o  the uncertainty about r e se rvo i r  character-  
i s t i c s  and f inanc ia l  estimates.  Alternate  scen- 
a r i o s  were created t o  represent increased r i s k  
r e f l ec t ed  i n  increased discount r a t e s ,  selected 
we l l  depth taking i n t o  account composition of the 
br ine,  and subs t an t i a l ly  increased c o s t s  above 
o r ig ina l  es t imates  of wel l  cos t s  and e l e c t r i c i t y  
pr ices .  

Risks present  during explorat ion and t e s t i n g  
of the w e l l  w i l l  be minimized by DOE'S par t ic ipa-  
t i on  and by a grant  of $800,000. 
scenario was changed t o  add $800,000 t o  t he  we l l  
costs .  Both DAC and NPV were extremely s e n s i t i v e  
t o  t h i s  change. The DAC increased by more than 
$2.5/MMBtu and the n e t  present value was -$799.948. 
Clearly,  without the DOE support the venture would 
not  be p r o f i t a b l e  enough t o  support the explora- 
t ion and t e s t i n g  required f o r  resource confirm- 
at ion.  

The basecase 

Once the project  is  on-line,  the wel l  may lose  
product ivi ty  (through loss of pressure or tempera- 
t u re  decl ines)  f a s t e r  than an t i c ipa t ed  on the bas i s  
of the d r i l l i n g  t e s t  r e s u l t s .  I n  t h a t  case,  pro- 
j e c t  v i a b i l i t y  would be reduced and possibly ended 
due t o  resource inadequacy, Discount r a t e s  were 
parametr ical ly  varied from 0 t o  8 per  cent  t o  cap- 
tu re  t h i s  r i s k .  Due t o  the sho r t  p ro j ec t  l i f e t ime ,  
i . e .  10 years ,  the DAC was in sens i t i ve  t o  changes 
i n  the discount  r a t e  increasing by l e s s  than 2c/ 
MMBtu with a discount r a t e  of 8%. However, the 
NPV drops from $105,000 t o  $23,000 over t h i s  range. 

The water qua l i t y  may d i c t a t e  treatment p r i o r  
t o  being s e n t  through the transmission l i n e  t o  the 
heat exchanger. 
cases: b r ines  t h a t  were e i t h e r  s l i g h t l y  o r  highly 
corrosive,  with and without a r e in j ec t ion  wel l .  
The most favorable case e n t a i l s  no r e in j ec t ion  and 
no treatment.  It is a l s o  possible  t h a t  the water 
requires treatment t o  pass through the surface 
piping but  then w i l l  be s u f f i c i e n t l y  c lean t o  be 
disposed of i n  the Bay, carr ied through by 
Barcrof t ' s  piping. The basecase scenario covers 
the case where a r e in j ec t ion  wel l  i s  required with 
no extra  treatment of the geothermal f lu ids .  The 
worst possible  case i s  represented by highly cor- 
rosive b r ines  requir ing both r e i n j e c t i o n  and t r e a t -  
ment. In  no case does the e x t r a  treatment r a i s e  
the DAC s ign i f i can t ly .  

Figure 1 descr ibes  four  possible  

Water treatment cos t s  were 

simulated by increasing operation and maintenance 
cos t s  plus the heat  exchanger c o s t s  by 40 per cent .  
Compared with the wel l  cos t s  and e l e c t r i c i t y  cos t s ,  
the added c o s t s  incurred by i n s t a l l i n g  and running 
the water treatment f a c i l i t y  were i n s ign i f i can t .  

Each of these four cases was p lo t t ed  aga ins t  
several  a l t e r n a t i v e  well  depths 
changes occuring with increasing depth were noted; 
these a r e  based on the thermal gradient  measured 
by VPI from a shallow well  and extrapolated f o r  
depths g r e a t e r  than 1000 f ee t .  The tradeoff be- 
tween the increased well  cos t s  and g r e a t e r  economy 
due t o  temperature increases causes the DAC t o  
dramatically decl ine up t o  4000 f e e t .  Beyond 5000 
f e e t  the gains  from increased temperature a re  out- 
weighed by we l l  cos t s  and addi t ional  pumping re-  
quirements. 

Temperature 

Similar ly ,  the NPV shows s i g n i f i c a n t  increases  
up through 5000 fee t .  
t i o n a l  pumping requirements and we l l  c o s t s  compen- 
s a t e  f o r  the increased temperatures a s  shown by 
the reduced r a t e  of NPV increases.  Beyond 6000 
f e e t  there  i s  no advantage i n  d r i l l i n g  a deeper 
well .  A wel l  more shallow than 4000 f e e t  without 
a r e in j ec t ion  wel l  and 5000 f e e t  w i th  a r e in j ec t ion  
wel l  drops the NPV below zero. 

Beyond 5000 f e e t  the addi- 

The absence of a r e in j ec t ion  we l l  accounts f o r  
a decrease i n  DAC of a t  l e a s t  $l.OO/MMBtu and an 
increase i n  NPV of approximately $600,000. This 
points  out the f inanc ia l  advantages t o  surface 
disposa 1. 
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Fig. 1 Net Present Value a s  a Function of Well 
Depth f o r  Cases of S l igh t ly  and Highly 
Corrosive Brines 

A m j o r  source of concern i s  c o s t  underesti-  
mates. This was analyzed by increasing the we l l  
cos t s ,  the most expensive c a p i t a l  component of the 
system, and increasing the r e a l  r a t e  of e l e c t r i c i t y  
p r i ce  increases .  DAC increased by $.25/MMEtu f o r  
each 20 per  cent  increase i n  wel l  cos t s .  
i n  Figure 2 increase i n  wel l  c o s t s  should be i n t e r -  
preted a s  being c r i t i c a l  since NPV becomes negative 
with an increase i n  well  costs  of only 10 per cent .  

A s  shown 
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Fig. 2 N e t  Present Value With Higher Well Costs 

The investors  have a l s o  expressed concern 
about e l e c t r i c i t y  p r i c e  increases .  The ana lys i s  
i s  shown i n  Figure 3. The worst  case o r i g i n a l l y  
considered by the inves tors  was used i n  the base- 
case scenario and c a l l s  f o r  a r e a l  r a t e  of  e lec-  
t r i c i t y  pr ice  increase of 5 p e r  cent compounded 
annually.  I f  t h i s  i s  increased by 1 per cent  the 
DAC rises by 4 per cent  and NPV decreases from 
$75,000 t o  $20,000, a decl ine of $55,000. Each 
per cent  increase above 6 per  cent  c rea tes  increas- 
ingly s t ronger  responses by both DAC and NPV. This 
can be c r i t i c a l  t o  the inves tors  since annual in- 
creases  i n  pr ices  above 6 per cent  cause NPV t o  
become negative.  
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Fig. 3 N e t  Present Value Vs. Real Rate of Increase 
i n  E l e c t r i c i t y  Pr ice  Compounded Annually 

CONCLUSIONS 

I f  treatment of the water is  required,  the cos ts  
incurred would be minimal compared t o  those of 
increased we l l  cos ts  and annual compounded percen- 
tage i n  e l e c t r i c i t y  pr ices .  

Using cur ren t ly  ava i lab le  data the model r e s u l t s  
suggest t h a t  without DOE support, the pro jec t  would 
not  be undertaken. 
there  a r e  many addi t iona l  benef i t s  t o  be gained 
from the successful  d r i l l i n g  project  o ther  than 
resource confirmation. The DOE gran t  would promote 
development of an a l t e r n a t i v e  energy source whose 
technology is wel l  proven, supply needed geologic 
and hydrologic information, encourage dialogue be- 
tween u t i l i t i e s l i n v e s t o r s  and p o t e n t i a l  geothermal 
users  i n  addi t ion  t o  minimizing the r i s k  occurring 
during resource explorat ion.  

It should be kept i n  mind t h a t  
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The venture undertaken by the investors ,  t o  
e x t r a c t  and s e l l  the energy from the geothermal 
well ,  w i l l  y i e l d  a pos i t ive  re turn  based on the 
preliminary data  incorporated i n  GRITS. 
economic accounting measures, DAC and NPV, a r e  not 
s e n s i t i v e  t o  changes in the  discount  ra te ;  t h i s  is 
due t o  the shor t  p ro jec t  l i f e t i m e  under ana lys i s .  
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